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Abstract

BACKGROUND: Reducing racial disparities in lung transplant outcomes is a current priority of
providers, policymakers, and lung transplant centers. It is unknown how the combined effect of
race and ethnicity, gender, and diagnosis group is associated with differences in 1-year mortality
and 5-year survival.

METHODS: This is a longitudinal cohort study using Standard Transplant Analysis Research
files from the United Network for organ sharing. A total of 25,444 patients undergoing first
time lung transplantation between 2006 and 2019 in the United States. The primary exposures
were lung transplant recipient race and ethnicity, gender, and primary diagnosis group at listing.
Multivariable regression models and cox-proportional hazards models were used to determine
adjusted 1-year mortality and 5-year survival.

RESULTS: Overall, 25,444 lung transplant patients were included in the cohort including 15,160
(59.6%) men, 21,345 (83.9%) White, 2,318 (9.1%), Black and Hispanic/Latino (7.0%). Overall,
men had a significant higher 1-year mortality than women (11.87%; 95% CI 11.07-12.67 vs
12.82%; 95% CI 12.20%-13.44%). Black women had the highest mortality of all race and

gender combinations (14.51%; 95% CI 12.15%-16.87%). Black patients with pulmonary vascular
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disease had the highest 1-year mortality (19.77%; 95% CI 12.46%-27.08%) while Hispanic/
Latino patients with obstructive lung disease had the lowest (7.42%; 95% CI 2.8%—12.05%).
5-year adjusted survival was highest among Hispanic/Latino patients (62.32%) compared to Black
(57.59%) and White patients (57.82%).

CONCLUSIONS: There are significant differences in 1-year and 5-year mortality between and
within racial and ethnic groups depending on gender and primary diagnosis. This demonstrates the
impact of social and clinical factors on lung transplant outcomes.
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disparities

Achieving equitable organ allocation, distribution and post-transplant outcomes is a
current priority of regulatory agencies, policymakers, and providers.1:2 Among the patient
characteristics associated with lung transplant care and outcomes are underlying disease,
gender, race, and ethnicity.3~7 For instance, prior studies of the Lung Allocation Score
era have raised concern that women and racial and ethnic minorities have decreased

odds of lung transplantation allocation and longer waitlist times.8 Additional work has
demonstrated wide variation in lung transplant waitlist times and long-term outcomes by
underlying disease.? Furthermore, prior research has also raised concern that racial and
ethnic minorities may have more severe underlying disease contributing to higher waitlist
mortality and removal from the waitlist.19 However, to date, it is unknown how demographic
factors, such as race and gender, intersect with underlying diagnosis to impact short-term
surgical outcomes and long-term survival following lung transplantation.

Prior research assessing disparities in lung transplant outcomes have primarily focused on
race, gender, or underlying disease in isolation with limited assessment of how these factors
interact with each other. For instance, prior research has demonstrated that among older
adults with idiopathic pulmonary fibrosis, men had significantly lower odds of survival
compared to women.11 Furthermore, the only study to date assessing racial disparities in
lung transplant outcomes have primarily compared White patients to non-White patients,
without specific disaggregation of racial and ethnic groups, demonstrating no significant
difference in lung transplant outcomes.12 However, given an increase in the number of racial
and /ethnic minorities receiving lung transplants, there is a growing need for more granular
evaluations of potential disparities in lung transplant post-operative mortality and survival.
To date, no study has evaluated if there are differences in 1-year mortality and 5-year
survival following lung transplant between and within racial and ethnic groups depending on
primary diagnosis and gender.

The objective of this study is to evaluate how race and ethnicity, gender, and diagnosis group
are associated with 1- and 5-year mortality following lung transplantation. We hypothesize
that there is wide variation in outcomes between racial and ethnic groups and within a single
racial and ethnic group depending on gender and primary diagnosis that have previously
been underreported.
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Data source and study population

We used the Organ Procurement and Transplant Network (OPTN) Standard Transplant
Analysis and Research (STAR) file to identify patients who underwent lung transplantation
from 2006 to 2019. The STAR file is a nationwide registry that collects transplant clinical
characteristics and outcomes for all patients undergoing transplantation. Patients older than
18 years old undergoing either first time unilateral or bilateral lung transplantation were
included. Patients undergoing multi-organ transplantation were excluded.

Patient race and ethnicity, gender, and diagnosis groups

All patient demographic and clinical information are collected at transplant centers in

the United States using standardized worksheets by United Network for Organ Sharing
(UNOS).13 The racial categories based on the Office of Management and Budget categories
include White, Black, or African American, Native Hawaiian or Other Pacific Islander,
American Indian, Asian and Hispanic/Latino on the candidate registration worksheet. For
this analysis, only White, Black, Hispanic/Latino patients were included given small sample
sizes of Native Hawaiian or Other Pacific Islander, American Indian and Asian patients, and
due to the methodologic concerns of combining distinct racial and ethnic groups. Patient
gender is also collected by the UNOS with male and female options. Prior research in

lung transplantation have used either the terms sex or gender in analysis.1913 In this study,
we use the terms man/men and woman/women to represent the UNOS male and female
respectively, given that there is no distinction between gender and sex on the registration
forms. Primary diagnosis for each patient is defined at the time of listing and coded into 4
categories: obstructive, pulmonary vascular disease, cystic fibrosis, and restrictive disease.

Statistical analysis and outcomes

Outcomes—The primary outcomes of interest were 1-year mortality and 5-year survival.
Dates of transplantation and patient outcomes were identified in the data set.

Analysis—We first assessed differences in baseline recipient and donor characteristics by
racial group using ANOVA and chi-square test for continuous and categorical variables
respectively. ANOVA was used to evaluate unadjusted differences in 1-and 5-year mortality
differences between racial and ethnic groups, gender, and primary diagnosis. Next, we
performed multivariable logistic regression to obtain adjusted predicted probability margins
to assess differences in 1-year mortality between racial groups by gender and diagnosis
groups. All 1-year outcome models have the same sample size of 22,641. We used
interaction terms for race and ethnicity with gender as well as race and ethnicity with
diagnosis group to assess the intersection of social and clinical factors. Additionally, we
assessed trends in 1-year mortality by racial group over the study period by racial and
ethnic group. Co-variates included in this model were both recipient, donor, and center
level characteristics and were defined a prioribased on clinical importance and prior
investigations.10:12 Recipient characteristics included: age, LAS, HLA mismatch, medical
condition (hospitalized in Intensive Care Unit, hospitalized non- Intensive Care Unit
nonhospitalized), ischemic time, chronic steroid use, primary diagnosis group, transplant
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year. Donor characteristics included: age, body mass index, donor history of diabetes,
creatinine. Center level volume (number of transplants done per year) was also included in
our model.

Next, we performed time-to-event analysis using Cox proportional hazard regression
analysis. For survival analyses, we started with 25,438 and then splitted the data to handle
the interaction with time. The same recipient, donor and center level variables were included
in order to generate adjusted Kaplan-Meier curves with survival functions. Proportional
hazard assumptions were tested using Schoenfeld residuals for all co-variates included

and demonstrated that recipient ischemic time, chronic steroid use, center volume and

donor diabetes history and donor creatinine were not proportional over time. Therefore, we
adjusted our model to account for these variables changing over time using log-transformed
interaction with time for these co-variates. All statistical analyses were performed using
STATA/MP 17.0 (State Corp., College Station, TX). Statistical significance was defined as p
< 0.05. This study was exempted by the University of Michigan Institutional Review Board.

A total of 25,444 patients were included in the cohort including 15,160 (59.6%) men with

a mean (SD) age of 56.0 (13.1) years old. The racial and ethnic composition of patients
undergoing lung transplantation in the study period was 21,345 (83.9%) White, 2,318
(9.1%) Black, and 1,781 (7.0%) Hispanic/Latino. Patient characteristics for each racial and
ethnic group are shown in Table 1. White patients had a significantly higher mean (SD)

age (56.5[13.2]) compared to Black (53.4[11.0]) and Hispanic patients and 53.5(13.5); p<
0.001. Hispanic/Latino patients were less likely to have obstructive disease (White vs Black
vs Hispanic/Latino: 30.7% vs 28.7% vs 8.0%; p < 0.001) and Black patients were less likely
to have cystic fibrosis (White vs Black vs Hispanic/Latino: 12.3% vs 2.6% vs 6.0%; p <
0.001).

Overall, there were significant differences in unadjusted 1-year mortality by race, gender,
and diagnosis groups (Table S1). Specifically, there was significant differences in unadjusted
1-year mortality for Black (13.63%) White (12.99%) and Hispanic/Latino (11.06%) patients
(0 < 0.037). Women had lower mortality than men (12.08% vs 13.47%; p < 0.001). Lastly,
there was a significant difference in 1-year mortality by primary disease: pulmonary vascular
disease (15.89%) restrictive disease (14.17%), obstructive disease (11.25%), cystic fibrosis
(9.8%) (p < 0.001).

On adjusted analysis, we also found significant differences by racial and ethnic group,
gender, and primary diagnosis (Figures 1A-1C). Black patients had higher 1-year mortality
(13.32%; 95% CI 11.63%-15.01%) compared to White (12.75%; 95% CI 12.27%-13.21%)
and Hispanic/Latino (10.45%; 95% CI 8.61%-12.28%) patients. Men had higher mortality
compared to women (11.87%; 95% CI 11.07-12.67 vs 12.82%; 95% CI 12.20%-13.44%).
There was also significant variation by diagnosis group with patients with pulmonary
vascular disease having the highest mortality (17.59%; 95% CI 14.74%-20.44%) followed
by restrictive disease (13.26%; 95% CIl 12.65%—13.87%), cystic fibrosis (12.42%; 95% CI
10.45%-14.39%), and obstructive disease (10.96%; 95% CI 10.10%-11.81%).
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The differences in 1-year mortality when assessing the intersection of race with gender and
diagnosis group demonstrated additional variation. The intersection of race and ethnicity
and gender is demonstrated in Figure 2A. Black women had the highest mortality of all
gender and race and ethnicity combinations (14.51%; 95% CIl 12.15%-16.87%), which

was higher than Black men (11.76%; 95% CI 9.59%-13.94% vs 11.76%; 95% CI 12.15-
16.87%) as well as White women (11.87%; 95% CI 11.07%-12.67%) and Hispanic/

Latino women (9.7%; 95% CI 7.18%-12.31%). Among men, White men had the highest
mortality rate among men (12.82%; 95% CI 12.20%-13.44%). The intersection of race and
diagnosis group is demonstrated that Black patients with pulmonary vascular disease had the
highest mortality (19.77%; 95% CI 12.46%-27.08%) while Hispanic/Latino patients with
Obstructive lung disease had the lowest mortality (7.42%; 95% CI 2.8%-12.05%) (Figure
2B). Notably, for all diagnosis groups besides cystic fibrosis, Black patients had higher
1-year mortality. Overall, there was a significant change in 1-year mortality among all racial/
ethnic groups in the study period (Figure S1).

On assessment of 5-year survival, we found significant differences by race and ethnicity.
Adjusted 5-year survival for Black patients was 57.59% compared to 57.82% for White
patients and 62.32% for Hispanic/Latino patients (Figure 3). A similar trend of Black
patients having the lowest survival 5-year survival and Hispanic/Latino patients with the
highest survival was seen within each gender (Figure 4) and diagnosis group [Figure 5A—
D]. However, there was significant variation in 5-year survival between diagnosis groups.
Diagnosis of pulmonary vascular disease was associated with lowest 5-year survival for
Black (52.14%), White (52.39%) and Hispanic/Latino patients (57.23%). Diagnosis of
obstructive disease had the highest 5-year survival for Black (60.05%), White (60.28%)
and Hispanic patients (64.40%).

Lastly, there were several recipient and donor factors with significant associations to 5-year
survival (Table S2). Recipient characteristics associated with decreased survival included
age (HR 1.01; 95% CI 1.01-1.01), chronic steroid use (HR 1.16; 95% CI 1.11-1.22%),

lung allocation score (1.01; 95% CI 1.00-1.01; p< 0.001), number of HLA mismatches
(HR1.07;95% CI 1.04-1.09; p < 0.001). Compared to obstructive disease, pulmonary
vascular disease (HR 1.17; 95% 1.03-1.32; p < 0.001) and restrictive disease (HR 1.16; 95%
Cl 1.11-1.22; p< 0.001) were associated with lower 5-year survival. Donor age (HR 1.00;
95% CI 1.00-1.01) and diabetes (HR 1.19; 95% CI 1.10-1.28; p< 0.001) were associated
with lower recipient 5-year survival as well.

Discussion

Our findings improve our understanding of lung transplantation disparities by assessing the
intersection of race, gender, and diagnosis group. First, evaluation of the combined effect
of race and gender on 1-year mortality found that Black women had the highest overall
1-year mortality followed by white men, despite men broadly having an overall higher
mortality rate compared to women. Second, we found that for all racial groups’ women had
higher 5-year survival compared to men. Third, we found that Black and White patients
had similar 5-year survival for all diagnosis groups but that their survival was lower than
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Hispanic/Latino patients. Last, we found that patients with pulmonary vascular disease and
restrictive disease had the lowest survival.

Prior work evaluating gender and racial and ethnic disparities lung transplant outcomes

has primarily focused on these social factors independently with limited assessment of

both 1-year mortality and 5-year survival. For instance, Liu et al previously demonstrated
no differences in lung transplant survival between non-White and White patients between
the years of 2005 and 2009. We expand upon this work by disaggregating Black and
Hispanic/Latino patients for more granular assessment of survival by racial and ethnic
group.12 In addition, we present the first assessment demonstrating within racial group
differences in both 1-year mortality and 5-year survival depending on gender and diagnosis
group. Specifically, we found that Black women had the highest overall mortality across

all combinations of race and gender despite frequently cited papers detailing that women
overall have lower post-transplant mortality and higher survival compared to men.14 So,
while overall our findings replicate prior work demonstrating that overall men have higher
1-year mortality, the additional evaluation of the interaction of gender, race and ethnicity
highlights that Black women have the worst short-term lung transplantation outcomes. This
is particularly important given that a majority of Black lung transplant recipients were
women in our cohort. This highlights how assessment of disparities by gender or race alone
may underestimate true disparities by small sub-populations. To date, no prior investigation
in lung transplantation has demonstrated this finding that Black women have the highest
short-term mortality. However, prior assessments of other solid organ transplantation have
demonstrated higher rates of early graft failure in liver transplant among Black women and
overall worst survival and graft function among Black patients broadly for heart, liver, and
kidney transplant.1>-18 Future work is needed to understand how recipient characteristics
may interact with provider and system factors contributing to worse outcomes among Black
women. Lastly, this finding highlights the need to move beyond the assessment of isolated
social and clinical factors on outcomes and rather evaluate their intersection to identify the
most at-risk populations, who should be targeted for quality initiatives within transplantation
care.

In our cohort, Hispanic/Latino patients had the lowest 1-year mortality and highest 5-year
survival following lung transplantation. Prior work has demonstrated that waitlist mortality
is higher among Hispanic/Latino candidates after adjusting for diagnosis, age, and gender,
which may be related to the lower 1-year mortality and higher survival seen in our cohort.10
This raises concern of selection bias in our transplant cohort due to an underrepresentation
of the broader population of Hispanic/Latino patients listed given higher mortality of waitlist
candidates. In addition, there are well documented disparities in access to renal and liver
transplantation among Hispanic and Latino patients and it is possible that similar barriers

to lung transplantation exist upstream skewing the clinical and social characteristics of
Hispanic and Latino patients who undergo lung transplantation.1® Prior work in renal and
liver transplantation have demonstrated similar finding termed the “Hispanic Paradox”.20-22
This is a phenomenon that finds that Hispanic/Latino patients experience similar or better
outcomes across a range of disease and health contexts compared to non-Hispanic White
patients.22 Prior assessment of this phenomena in renal transplant has identified young

age at transplant, receiving higher proportion of living donor grafts, and higher proportion
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of primary compared re-transplant in addition to protective social and cultural factors as
reasons potentially contributing to this finding in renal transplant outcomes.2% Our findings
highlight the need for future investigations into why this pattern in lung transplantation exist,
especially with further assessment into how outcomes may vary between specific Hispanic/
Latino ethnic sub-groups given the large heterogeneity that exist among Hispanic/Latino
patient cohorts.

Our findings that racial disparities exist in mortality and mortality have important
implications for clinical practice and policy. First, it provides the first insight into previously
undescribed disparities that providers should be aware of and assess within their own
transplant centers. Second, our findings demonstrate the need for standardized stratification
of transplantation outcomes in order to unmask potential disparities.23 Assessing health
equity in transplantation using unitary social factors such as race, or gender alone may

be ineffective in identify true disparities occurring within subgroups. Recently, the Center
for Medicaid and Medicare services has moved towards presenting clinical outcomes and
quality measures by intersectional groups and it possible that UNOS would benefit from

a similar process.24 Notably, over the study period, it was found that 1-year mortality
following lung transplantation improved for all racial and ethnic groups. Therefore, ongoing
efforts to improve lung transplantation quality through policy or quality improvement efforts
should evaluate the effect of initiatives on both overall quality and mitigation of disparities.

Our results should be considered in light of several limitations. First, the Organ Procurement
and Transplant Network Standard Transplant Analysis and Research data used for this
analysis is collected and reported by each transplant center. It is possible that errors in data
collection or entry may exist at transplant centers leading to some missing values for lung
transplant recipients. However, this data is heavily audited for reporting and is the most
reliable source of transplant data that we currently have in the United States. Second, our
analysis included White, Black and Hispanic/Latino patients limiting the generalizability to
other racial and ethnic groups. However, given that this is the first analysis to disaggregate
racial and ethnic minority groups, our work supplements prior literature assessing disparities
in presurgical transplantation outcomes among these particular racial and ethnic groups.
Third, while race, and ethnicity data is collected by each individual transplant center with
standardized recipient forms, there may be variability in how this data is collected at each
center. Fourth, while we included clinical important donor and recipient characteristics in
our analysis, it is possible that unmeasured confounding could explain differences found
between groups.

Conclusions

In summary, we found that significant variation in mortality and survival occurred between
White, Black, and Hispanic patients and within each individual racial and ethnic group
depending on gender as well as primary diagnosis. Contrary to prior literature, we found
that Black women the worst 1-year mortality rates after lung transplantation. Future analysis
of transplantation outcomes should continue to evaluate how the combination of both social
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and clinical factors impact the continuum of lung transplantation care and out-comes to
ensure that high quality medical and surgical care are achieved for all patients.
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Figure 1.
A. Adjusted 1-year mortality by race and ethnicity. B. Adjusted 1-year mortality by gender.

C. Adjusted 1-year mortality by primary diagnosis group.

J Heart Lung Transplant. Author manuscript; available in PMC 2024 July 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bonner et al.

Page 11
A 20 @ White
! [l Black
[@ Hispanic/Latino
g
> -
= 157
-
5]
=
3
>
k]
2 10-
= .
©
a
2
o
i
2 e
0-
Female Male
Gender
B a
B White
[l Black

[ Hispanic/Latino

Adjusted Probablity of 1 year mortality (%)
N

Obstructive Pulmonary Vascular Cystic Fibrosis Restrictive
Diagnosis Group

Figure 2.
A. Adjusted 1-year mortality by race, ethnicity and gender. B. Adjusted 1-year mortality by

race, ethnicity and primary diagnosis group.
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Adjusted 5-year survival curve by race and ethnicity.
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Adjusted 5-year survival curve by race, ethnicity, and gender.
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A. Adjusted 5-year survival curve by race and ethnicity among patients with chronic
obstructive pulmonary disease. B. Adjusted 5-year survival curve by race and ethnicity
among patients with restrictive lung disease. C. Adjusted 5-year survival curve by race and
ethnicity among patients with pulmonary vascular lung disease. D. Adjusted 5-year survival
curve by race and ethnicity among patients with cystic fibrosis.
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