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Abstract
Background—In May 2005 the lung allocation score (LAS) became the primary method for
determining allocation of lungs for organ transplantation for those at least 12 years of age in the
United States. During the pre-LAS period, black patients were more likely than white patients to
become too sick or die while awaiting transplant. The association between gender and lung
transplant outcomes has not been widely studied.

Methods—Black and white patients ≥18 years of age registered on the UNOS lung
transplantation waiting list from January 1, 2000-May 3, 2005 (pre-LAS, n=8765) and May 4,
2005-September 13, 2010 (LAS, n=8806) were included; logistic regression analyses were based
on smaller cohorts derived from patients listed in the first 2 years of each era (pre-LAS, n=2350,
and LAS, n=2446) to allow for follow-up time. Lung transplantation was the primary outcome
measure. Multivariable analyses were performed within each time period to determine the odds of
dying or receiving a lung transplant within three years of listing.

Results—In the pre-LAS era, black patients were more likely than white to become too sick for
transplantation or die within three years of wait list registration (43.8% vs. 30.8%; odds ratio [OR]
1.84; p<0.001). Race was not associated with death or becoming too sick while listed for
transplantation in the LAS era (14.0% vs. 13.3%; OR 0.93; p=0.74). Black patients were less
likely to undergo transplantation in the pre-LAS era (56.3% vs. 69.2%; OR 0.54; p<0.001) but not
in the LAS era (86.0% vs. 86.7%; OR 1.07; p=0.74). Women were more likely than men to die or
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become too sick for transplantation within three years of listing in the LAS era (16.1% vs. 11.3%;
OR 1.58; p<0.001), as compared to the pre-LAS era (33.4% vs. 30.7%; OR 1.19; p=0.08).

Conclusion—Racial disparities in lung transplantation have decreased with the implementation
of LAS as the method of organ allocation; however, gender disparities may have actually
increased in the LAS era.
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Introduction
The lung allocation score (LAS) was implemented in May 2005 by the Organ Procurement
and Transplantation Network (OPTN) as the primary method for allocation of deceased
donor lungs for transplantation in persons ≥12 years of age in the United States 1. Compared
to the previous allocation method, LAS was intended to provide a more objective basis for
lung allocation than the previous criterion - accrual of time on the transplant waiting list. For
lung transplantation, adopting the LAS was consistent with directives from the Department
of Health and Human Services calling for organ allocation systems that direct organs to
those in most need while minimizing the effects of geography 2,3.

Before 1995, donor lungs were allocated solely according to time on the waiting list. In
1995, patients with idiopathic pulmonary fibrosis (IPF) received a 90-day credit at listing
due to their higher risk of death before transplant; however, organs were still allocated on
the basis of waiting list time, without adjustment for disease severity or expected transplant
benefit 4. In both instances, patients referred with advanced lung disease may not have
survived the waiting period for an organ, while those with more accrued waiting time but
less severe disease would have preferentially undergone transplantation. These systems
could also have denied access to patients in certain diagnostic, ethnic, and gender groups.
Two retrospective cohort studies examining patients listed for lung transplantation between
1995–2004 found that blacks with chronic obstructive pulmonary disease (COPD) were less
likely to undergo transplantation and more likely to die than whites, and black patients with
IPF had worse survival after listing 5,6. These findings are consistent with the differential
outcomes reported for other respiratory disorders, including lung cancer 7–9, asthma 10, and
pulmonary arterial hypertension 11.

In May 2005, following introduction of the lung allocation score (LAS), the allocation
process in the United States changed significantly 12. The LAS is a numerical value used by
the United Network of Organ Sharing (UNOS) to assign relative priority for distributing
lungs donated for transplantation within the United States. The LAS is based on survival
models that estimate both waitlist and post-transplant survival, and it reflects the net benefit
of transplantation. Studies evaluating the LAS suggest that waiting time has decreased, the
total number of organs transplanted has increased, waitlist mortality has decreased, and post-
transplant survival is unchanged 13–17. A recent study also found no difference in survival
after lung transplantation between whites and non-whites from 2001–2009 18. However, it is
unclear whether ethnic disparities identified in waitlisted patients before the LAS system
was adopted have subsequently improved. Gender disparities have not been assessed widely
in this population.

The primary objective of this study was to examine the association between race and lung
transplantation both before and after introduction of the LAS. Secondary objectives included
examining pre- and LAS associations with gender, and quantifying differences in time to
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transplantation by race or gender. We hypothesized that racial and gender disparities in
patients listed for lung transplantation decreased under the new LAS.

Methods
The LAS was implemented on May 4, 2005. The Organ Procurement and Transplant
Network (OPTN) database of UNOS was used to identify patients registered on the waiting
list on or before September 4, 2010 during two time periods: pre-LAS (January 1, 2000–
May 3, 2005) and LAS (May 4, 2005–September 4, 2010). The study population included
all white and black non-Hispanic patients aged ≥18 years who were listed for lung
transplantation. Race and gender were identified by patients at the time of registration.
Patients listed for re-transplantation or multi-organ transplantation were excluded. Patients
who underwent living lobar transplantation were excluded. Hispanic patients were excluded
from all statistical analyses due to their small patient numbers relative to the number of
white and black non-Hispanic patients.

We used a research file with OPTN data available as of December 3, 2010. Variables
collected from UNOS included listing date, diagnoses, age, gender, blood type, race,
education level, UNOS region, insurance payer, calculated LAS score at time of listing and
time of removal for those patients in the LAS era, waiting time accrued, reason for removal
from the waiting list, and comorbid illnesses. UNOS data on race, gender, and ethnicity
were typically self-reported by listed candidates. Waiting list time was determined as the
time between the date a patient was first placed on the waiting list and the date of removal
from the list. Date of death was determined using data from the Social Security Master
Death File (SSMDF) that were collected by and provided to the investigators by UNOS.

The 11 UNOS regions were aggregated into 4 categories as previously described 19. Listing
diagnoses were grouped as: 1) Group A=obstructive diseases; 2) Group B=pulmonary
vascular disease; 3) Group C=cystic fibrosis/ immunodeficiency disorders; and 4) Group
D=restrictive diseases. Attained education level was grouped as: 1) none/ grade school; 2)
high school/ attended college without a degree; 3) college degree/ higher; and 4) unknown/
unavailable. Insurance provider was grouped as: 1) Medicare, 2) Medicaid, 3) private/ self
insurance, and 4) other. To evaluate neighborhood level socioeconomic status, 2000 US
Census Bureau data were used to obtain median household income in each patient’s
residential zip code 20.

Lung transplant status was grouped as: 1) transplanted=patients with reasons for removal
from the waiting list that included transplant, died during transplant, and transplanted at
another center; 2) too sick=patients removed from the waiting list with reasons such as too
sick or medically unstable for lung transplantation; 3) died=patients who died before lung
transplantation;.4) still waiting=patients who were still awaiting transplant; and 5)
other=patients whose reasons for removal from the waiting list included refused transplant,
transferred to another center, condition improved, living donor, other, and removed in error.

Our primary aim was to test the association of race with receipt of a lung transplant in the
pre- vs. LAS era. We also aimed to assess the influence of gender on time to transplantation
for each race and gender on the likelihood of receiving a lung transplant in each of the two
study periods.

Multiple-variable logistic regression was performed to determine whether race is associated
with the likelihood of (a) death or becoming too sick for lung transplantation and (b)
likelihood of lung transplantation within three years of listing. These analyses were
restricted to patients listed for the two years between January 1, 2000–December 31, 2001
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(pre-LAS) and May 4, 2005–May 3, 2007 (LAS) to allow for at least three years of follow-
up. Patients categorized as “still waiting” or “other” were excluded from these analyses.

Cox proportional hazards regression models were used to study the association between the
variables race and gender and time to death on the waiting list, while controlling for
confounders. The models covered the entire pre- and LAS periods to account for differences
in follow-up times after wait list registration. Patients who did not die were censored at the
date last known alive. The proportional hazards assumption was assessed using log-log
survival functions.

To determine which variables to include in the multivariable models, univariate comparisons
by the outcome of interest (lung transplantation, or died/too sick for transplantation) were
performed for each potential covariate. Patients with missing data on a specific covariate
were excluded from analyses involving that covariate. Variables significant (p≤0.05) in
univariate analysis were retained in the multivariable model for that outcome. Race, gender,
and age were retained in all multivariable models.

Differences in continuous variables were tested using 2-group t-tests or Wilcoxon rank sum
tests, depending on their distribution. Pearson Chi-square tests or Fisher exact tests were
used to test for associations between categorical variables. The following interactions
between clinically relevant pairs of co-variates were tested: race and calculated LAS, race
and blood type, race and region, race and insurance payer, and gender and calculated LAS.

Statistical tests were 2-sided. Results with p≤0.05 were considered significant. Hazard ratios
and adjusted odds ratios were reported for the proportional hazard regression models and
logistic regression models, respectively. Statistical analyses were performed using SAS,
version 9.2 (SAS Institute, Inc., Cary, NC).

This study was approved by the Institutional Review Board of the University of Alabama at
Birmingham, Birmingham, Alabama (N101207004).

Results
Of 10382 patients registered on the UNOS lung transplantation waiting list in the pre-LAS
cohort, 8765 patients were included in the analyses. Of 10682 patients registered in the LAS
cohort, 8806 patients were included (Figure 1). Baseline characteristics of the patients who
were listed for lung transplantation are shown in Table 1, stratified by race. Table 5
(appendix) shows the same baseline characteristics, stratified by gender. In both the pre-and
LAS periods 10.1% of listed patients were black, and in both periods black patients were
significantly younger and more likely to be women.

In the pre-LAS cohort, 374 (42.4%) black patients and 4364 (55.4%) white patients who
were listed underwent lung transplantation. The frequency of lung transplantation was
higher in the LAS cohort for both races, with 554 black (62.2%) and 5396 white (68.2%)
patients receiving lung transplantation. Black patients were more likely than whites to
become too sick for transplant or die while listed in the pre-LAS period (31.5% vs. 22.4%),
with lower frequencies for both races in the LAS period (12.8% vs. 11.1%). Blacks had a
higher median LAS both at listing [36.3 (IQR:33.3, 42.6) vs. 35.0 (IQR:32.3, 40.6),
p<0.001] and at transplantation [40.3 (IQR:35.3, 49.3) vs. 38.2 (IQR:34.0, 46.4), p<0.001];
however, there was no significant difference in median LAS between black and white
patients who either died while awaiting transplant or were deemed too sick for transplant
[47.2 (IQR:35.3, 87.4) vs. 52.5 (IQR:36.0, 87.8), p=0.41]. Women accounted for 51.3% of
the pre-LAS cohort and 45.5% of the LAS cohort. Women were younger than men at listing
for both the pre-LAS (48.1±12.4 vs. 50.2±12.3 years, p<0.001) and LAS periods (51.5±13.2
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vs. 55.3±12.3 years, p<0.001). In the pre-LAS period, more women than men were in
diagnosis groups A (52.6% vs. 44.4%) and B (10.1% vs. 3.9%), while fewer women were in
groups C (14.0% vs. 14.4%) and D (23.3% vs. 37.3%). In the LAS period, more women
than men were in diagnostic groups A (44.4% vs. 34.1%), B (7.0% vs. 2.4%), and C (13.8%
vs. 11.2%), but fewer women than men in group D (34.9% vs. 52.4%).

In the pre-LAS cohort, 2247 (50.0%) women and 2491 (58.4%) men who were listed
underwent lung transplantation. The frequency of lung transplantation was higher for both
genders in the LAS cohort, with 2384 (59.5%) women and 3566 (74.3%) men who were
listed receiving lung transplantation. Women were more likely than men to become too sick
for transplant or die while listed in the pre-LAS period (24.1% vs. 22.5%, p<0.001), with
lower frequencies for both genders in the LAS period (13.0% vs. 9.9%, p<0.001). Women
had a lower median LAS at the time of listing [34.5 (IQR:32.2, 39.3) vs. 35.7 (IQR:32.5,
42.2), p<0.001], at transplantation [37.2 (IQR:33.6, 45.6) vs. 39.0 (IQR:34.4, 47.2),
p<0.001], and at waitlist removal if deemed too sick for transplant or died while awaiting
transplant [47.0 (IQR:35.0, 82.4) vs. 63.1 (IQR:37.3, 89.5), p<0.001]. Univariate analyses
demonstrated that age, race, gender, blood group, region, diagnostic group, diabetes,
insurance payer, and calculated LAS (for post-transplant models) were significantly
associated with death while on the waiting list. These characteristics were included in the
multivariable analyses. Table 2 shows characteristics of patients on the UNOS Lung
Transplantation Waiting List for the initial two years of the pre-LAS and LAS cohorts, by
race. Table 6 (appendix) shows these same characteristics, stratified by gender.

To assess the association of race with receipt of lung transplantation, several adjusted
analyses were performed to control for factors associated with transplantation or death while
on the waiting list (Table 3). The first analysis demonstrated that the odds of death or
becoming too sick for transplantation within three years of listing to be significantly higher
for black vs. white patients in the pre-LAS cohort (43.8% vs. 30.8%; OR 1.84; p<0.001) but
not in the LAS cohort (14.0% vs. 13.3%; OR 0.93; p=0.74).

After adjusting for relevant covariates, we found that black patients were significantly less
likely than white patients to receive lung transplantation within three years of listing in the
pre-LAS period (56.3% vs. 69.2%; OR 0.54; p<0.001) but not in the LAS period (86.0% vs.
86.7%; OR 1.07; p=0.74). Interaction between (a) race and gender and (b) race and initial
calculated LAS were not significant in the multivariable analyses and were excluded from
the final model.

Altogether, women and men underwent lung transplantation more often in the LAS era
(2118 of 2446, 86.6%) compared to the pre-LAS era (1598 of 2350, 68.0%), and fewer
candidates were removed because of death or illness in the LAS era (328 of 2446, 13.4%)
compared to the pre-LAS era (752 of 2350, 32.0%). (Table 4) After adjusting for covariates,
women were more likely than men to become too sick for lung transplantation or die within
three years of listing in the LAS period (16.1% vs. 11.3%; OR 1.58; p<0.001), but this
difference was less significant in the pre-LAS period (33.4% vs. 30.7%; OR 1.19; p=0.08).
Women were also significantly less likely than men to undergo lung transplantation in the
LAS period (83.9% vs. 88.7%; OR 0.63; p<0.001) but not in the pre-LAS period (66.6% vs.
69.3%; OR 0.84; p=0.08). Interactions between (a) gender and race; (b) gender and
diagnostic group; and (c) gender and initial calculated LAS were not significant in the
multivariate analyses and were excluded from the final model. The trends observed for race
and gender were unchanged when only those patients who died (as opposed to those who
either died or were too sick for transplant) were included in logistic regression models.
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Time to death by race was assessed over the entire pre- and LAS periods by proportional
hazards models with adjustment for other predictor variables. Black patients listed in the
pre-LAS period had a higher risk of wait-list removal for death compared to white patients
[hazard ratio (HR) 1.18; 95%CI 0.99–1.40; p=0.06]. Mortality rates did not differ
significantly by race in the LAS period (HR 0.83; 95%CI 0.62–1.10; p=0.18). After
controlling for multiple predictors, gender was associated with time to death in both the pre-
LAS (HR 1.12; 95%CI 1.01–1.25; p=0.04) and the LAS cohort (HR 1.53; 95%CI 1.28–1.82;
p<0.001). Proportional hazards assumptions were satisfied for all time to death models that
were stratified separately by race and gender.

Discussion
Since the system for allocating lung transplants was implemented in 2005, the adoption of
objective measures of disease severity (LAS) rather than waiting time as the basis for
allocation has had several notable effects 21. Studies have reported decreases in wait list
registrations and wait times for transplantation, a decrease in wait list mortality, a change in
the distribution of diagnoses receiving transplantation, and no significant survival difference
between the pre- and LAS eras 13–17,22–24. These achievements are consistent with many of
the goals behind the creation of the new allocation system. One of the aims in adopting a
more objective system like the LAS was to eliminate potential biases inherent within the
previous allocation system 2. This goal was achieved in part for liver transplantation in 2002
with adoption of the MELD score allocation system, which has been shown to reduce racial
but not gender disparities in terms of risk of death while on the waiting list and likelihood of
liver transplantation 25. To our knowledge, ours was the first study to assess changes in race-
or gender-based disparities in access to lung transplantation following implementation of the
LAS.

We found that before the LAS was implemented black race was associated with both
increased risk of death or becoming too sick for lung transplantation and decreased
likelihood of lung transplantation within 3 years of wait list registration. Following
implementation of the LAS, differences between black and white recipients were no longer
observed. These results suggest that the LAS has had a positive impact on racial disparities
in access to lung transplantation. In contrast, gender remained associated with increased risk
of death in the LAS era, although women were less likely to undergo lung transplantation in
that cohort. Gender differences in lung transplantation may result from patient-specific
factors that affect access to suitable organs, such as smaller stature or elevated panel of
reactive antibody (PRA) levels; alternatively, there may be other variables not included in
the current LAS that are important in explaining this disparity.

Our findings in the pre-LAS cohort are similar to those previously reported for patients
awaiting lung transplantation. In a 2006 single-center study, Lederer et al. 26 first observed
that black and Hispanic patients had a significantly increased risk of death compared to
other ethnic groups. Survival differences were attributed to several factors, including
differences in rates of disease progression, exercise capacity, access to medical care, and
other socioeconomic factors. A follow-up study by the same group using UNOS/OPTN data
for IPF patients on the transplant waiting list from 1995–2003 found that age-adjusted
mortality rates were 24% and 29% higher for blacks and Hispanics, respectively, as
compared to non-Hispanic whites 5. This disparity was partly explained by worse lung
function at the time of listing, although significant differences persisted. A third study
examining racial differences in wait list outcomes for patients with COPD listed from 1995–
2004 found that blacks were less likely to undergo transplantation (adjusted HR 0.83;
p=0.03) and had a greater risk of dying (unadjusted HR 1.31; 95% CI, 1.05–1.63; p=0.02) 6.
These studies examined wait list patients exclusively during the pre-LAS era; our aim was to
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extend the analysis of these identified disparities to the LAS era for comparison with the
earlier period. Unlike prior studies, we chose to include all diagnostic groups in order to
maximize study power and assess the overall effect of the LAS on disparities in lung
transplantation. More recently, Liu et al. found that, when compared to the historical
transplant era (1987–2000), there was no significant difference in lung transplant survival
between whites and nonwhites in the modern era (2001–2009); however, the effect of the
LAS was not specifically examined, and all racial groups not classified as white were
included in the nonwhite category 18.

The strengths of this study include the large number of transplant candidates, use of a
national database, and the availability of several variables that may influence transplant
outcomes. This study also has several limitations. First, we utilized the UNOS database, and
the accuracy of these findings depends on correct data reporting from individual transplant
centers. Evolution of the UNOS database over time and changes in the type of data
collected, however, have resulted in missing data. While lower serum albumin levels, for
example, were associated with higher mortality in wait list patients with idiopathic
interstitial pneumonia 27, we excluded this variable from analyses because data were
missing in the LAS cohort. We decided to exclude missing data from analysis rather than
perform imputation methods given changes to the database over time and potential for
introduction of bias. Use of SSMDF data provided by UNOS may have resulted in some
misclassification of demographic factors (as UNOS data is either self-reported or collected
by each transplant center) and vital status; however, centers are required to report candidate
deaths to UNOS within 24 hours of notification, and UNOS regularly updates their death
records from the SSMDF. Additionally, as transplant centers closely monitor listed
candidates for clinical deterioration, we reasoned that use of a UNOS data file generated 3
months after the end of the study period would have minimal misclassification, as delisted or
deceased patients should be reported to UNOS. Considering the high numbers of patients in
both cohorts and relatively few missing data for the predictor variables in the final
multivariable models, missing values would not likely have appreciably altered the results.
Moreover, complete data were available on race and gender, the variables of primary
interest. Still, our findings should be further validated in an independent cohort of lung
transplant candidates. Logistic regression models were used to predict the probability of an
event by a specified time, with anticipated loss of information as compared to time-to-event
methods utilizing censoring methods. The odds ratios, as compared to risk ratios, may
overestimate the effect size for non-rare outcomes 28; however, the study’s aim was to
investigate LAS-disparity associations, rather than to report the absolute strengths of any
associations found.

One potential limitation of the LAS model, and this study, is the method of disease
classification, particularly less common lung diseases. Regardless of the underlying
diagnosis, patients in the LAS model are ultimately classified into one of four disease
categories—obstructive diseases, pulmonary vascular diseases, cystic fibrosis/
immunodeficiency disorders, or restrictive diseases—based on the more common transplant
indications 24. Black patients were notably concentrated in diagnostic groups A and D,
reflecting the racial distribution of diseases for which transplant is considered. As
underlying diagnosis has been shown to predict waitlist survival 29–31 and the racial
distribution associated with each diagnostic group varies, it is possible that using this
classification scheme biased the observed relationships. Nunley et al. recently demonstrated
that a lower LAS was associated with increased likelihood of survival to transplantation,
although sample size limited any conclusions regarding race and gender disparities 32.

Another limitation pertains to changes in the database and method of lung allocation during
the course of the study period. The LAS typically varies with time, often increasing as
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disease progresses. Because LAS at the time of listing correlated closely with the time of
wait list removal, only the LAS at listing was used for the multivariate models. Furthermore,
there may be important predictors of outcome that are not captured by UNOS, or other
variables like a center’s transplant volume or socioeconomic status, that were not included
in our analyses but may affect the findings 33,34. A fourth limitation relates the possibility of
failing to identify outcome differences between groups in the LAS era based on sample size
(type 2 error). The choice to limit the logistic regression analyses to patients listed in the
initial 2 years of each era (with a 3-year follow-up period) reduced the available sample size
for analysis; however, this was felt to be necessary because of longer waiting times to
transplantation in the pre-LAS era and the desire to capture a sufficient number of outcomes.
Finally, our study evaluated lung transplantation among patients already listed for this
procedure; there may be important racial or gender differences in patterns of referral or
access to transplantation that are not captured in our analysis.

Despite differences in the important baseline characteristics of black and white patients
listed for lung transplantation, race was not associated with death on the waiting list or
receipt of lung transplantation in the LAS era. These findings clearly differ from those
before implementation of the LAS, when black patients had a higher risk of death or
becoming too sick while on the waiting list and a lower likelihood of receiving lung
transplantation. Gender differences may persist despite LAS implementation; women were
less likely to undergo transplantation in the LAS era, although risk of death was similar for
men and women. Additional studies examining potential explanations of these findings and
whether further modifications to the LAS may lessen such disparities are warranted. In
summary, introduction of the LAS for allocation of donor lungs appears to have reduced
racial disparities; however, further investigation should focus not only on longer-term
outcomes and quality of life, but also the impact of the LAS method on gender disparities in
lung transplantation.
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Appendix 1

Predictors of Mortality in the LAS Model 12:

A. Wait List Model

a. Severity of Disease

i. FVC

ii. PA systolic *

iii. O2 required at
rest *

iv. Ventilator
requirement

b. Physiologic Reserve

i. Age *

ii. BMI

iii. Diabetes

A. Post-Transplant Model

a. Severity of Disease

i. FVC *

ii. PCW pressure
*

iii. Ventilator

b. Physiologic Reserve

i. Age

ii. Creatinine

iii. Functional
status
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iv. Functional Status

v. 6-minute walk

c. Diagnoses

c. Diagnoses

*
Effect differs by diagnosis group

Appendix 2

Options Available To Transplant Centers For Entering Data Regarding Transplant Status:

1 Transplanted (includes “emergency transplant” and “died during transplant”)

2 Still Waiting For Transplant

3 Too Sick For Lung Transplant

4 Died

5 Condition Improved

6 Transferred To Another Center

7 Living Donor Transplant

8 Refused Transplant

9 Other

Appendix 3
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Figure 1.
Patients Registered on the UNOS Lung Transplantation Waiting List Before and After LAS
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