1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Transplant. Author manuscript; available in PMC 2018 August 10.

-, HHS Public Access
«

Published in final edited form as:
Am J Transplant. 2017 May ; 17(5): 1334-1345. doi:10.1111/ajt.14081.

The Effect of Lung Transplantation on Health Related Quality of
Life in the Era of the Lung Allocation Score: A U.S. Prospective
Cohort Study

Jonathan P Singer, MD MS?, Patricia P Katz, PhD1, Allison Soong, MPH?, Pavan Shrestha,
BAL Debbie Huang, MS?!, Jennifer Ho, BS?, Malori Mindo, BS?, John R Greenland, MD
PhD1, Steven R Hays, MD1, Jeffrey Golden, MD1, Jasleen Kukreja, MD MPHZ2, Mary Ellen
Kleinhenz, MD1, Rupal J. Shah, MD MSCE?!, and Paul D Blanc, MD MSPH!

1Department of Medicine, University of California, San Francisco, CA, USA

2Department of Surgery, University of California, San Francisco, CA, USA

Abstract

Under the U.S. Lung Allocation Score (LAS) system, older and sicker patients are prioritized for
lung transplantation (LT). The impact of these changes on health-related quality of life (HRQL)
after transplant has not been determined. In a single-center prospective cohort study, from 2010—
2016 we assessed HRQL before and repeatedly after LT for up to 3 years using the SF12-Physical
and Mental Health, the respiratory-specific Airway Questionnaire 20-Revised, and the Euroqol
5D/Visual Analog Scale utility measures by multivariate linear mixed models jointly modeled with
death. We also tested changes in LT-Valued Life Activities disability, BMI, allograft function, and
6-minute walk test exercise capacity as predictors of HRQL change. Amongst 211 initial
participants (92% of those eligible), LT improved HRQL by all five measures (p<0.05) and all but
SF12-Mental Health improved by three-fold or greater than the minimally clinically important
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difference. Compared to younger participants, those aged =65 improved less in SF12-Physical and
Mental Health (p<0.01). Improvements in disability accounted for much of the HRQL
improvement. In the LAS era, LT affords meaningful and durable HRQL improvements, mediated
by amelioration of disability. Identifying factors limiting HRQL improvement in selected
subgroups, especially those aged =65, are needed to maximize the net-benefits of LT.

INTRODUCTION

A primary aim of lung transplantation is to improve health-related quality of life (HRQL) for
persons suffering from advanced lung disease. This is especially true in situations in which
the decision to transplant is not clear, for example in older candidates (aged 65 or more)
whose median survival after transplant is only 3.5 years or for even younger persons with
conditions such as COPD for which an absolute survival benefit from transplant is uncertain.
(1, 2) Accurate assessment of the effect of lung transplantation on HRQL is fundamental to
making informed clinical decisions and gauging more comprehensively the personalized
“net-benefit” of transplant.

In 2005, organ allocation policy in the U.S. was overhauled to one driven by urgency of
need. The resultant Lung Allocation Score (LAS) sought to maximize “transplant benefit”
by reducing wait-list mortality without negatively impacting one-year post-operative
survival.(3) The LAS policy — along with advances in bridging the critically-ill to transplant
(4, 5) — shifted lung allocation to older, sicker patients. Compared to 4% in 2002, patients
aged =65, for example, account now for 30% of new U.S. transplant recipients.(6) Morbidity
and mortality after the first post-operative year have also increased in this period.(7, 8)

Much of the contemporary literature relevant to this topic has focused on important
individual domains of health that are influential determinants of HRQL, such as depression,
anxiety, cognitive function, and functional status.(9-22) Nonetheless, relatively few studies
focused on HRQL itself as a primary outcome in lung transplantation have been published
since the LAS overhaul.(23) Thus, given the clinical primacy of HRQL, there is a need for
contemporary information on the effect of lung transplantation on general and respiratory-
specific HRQL

We aimed to comprehensively evaluate the effect of lung transplantation on HRQL in an
adult U.S. cohort undergoing transplant under the LAS allocation system. Beginning before
lung transplantation, we followed subjects for up to 3 years after surgery. We evaluated
HRQL over a spectrum of ages and disease groups using multiple measures including
generic HRQL, respiratory-specific HRQL, and health utility instruments. We also evaluated
the extent to which changes in body mass index (BMI), allograft function, and exercise
capacity affect HRQL over time. Finally, we examined the extent to which changes in
HRQL are accounted for by improvements in physical disability. Preliminary results have
been reported in abstracts and in a manuscript based on our initial recruitment experience.
(24-30)
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METHODS

Study design, participants, and setting

We performed this study among participants in the University of California San Francisco
“Breathe Again” study, an ongoing prospective cohort study of English-speaking adults (age
> 18) able to read, write, and complete structured survey batteries undergoing first-time lung
transplantation. Initiated in February 2010, Breathe Again aims to study the effect of lung
transplantation on patient-centered outcomes, including HRQL, and to identify pulmonary
and extra-pulmonary determinants of these outcomes.

Adults with advanced lung disease are enrolled at the time of placement on the wait-list for
lung transplantation. At enrollment, we perform a structured research visit that includes a
structured survey battery to ascertain HRQL by multiple measures. Participant self-assessed
disability is determined at the same time. Quantitative functional assessments include the
six-minute walk distance (6MWD) as well as selected other measures of physical
performance. Research visits are conducted in hospital if study participants are inpatients at
the time of listing. While wait-listed, assessments are repeated quarterly; the data most
proximal to the date of transplant are treated as the pre-transplant baseline values for
analytic purposes. The same survey and physical assessments are administered at three and
six months after transplantation and semi-annually thereafter for up to 3 years. To minimize
selection bias, home or in-hospital visits are conducted within one month of the planned
study visit if subjects cannot attend the outpatient study facility or miss a study visit due to
illness or other reasons. Follow-up continued through May 12, 2016. The University of
California, San Francisco Committee on Human Research approved the study and written
informed consent was obtained from all study participants.

Clinical eligibility for lung transplantation continues to evolve at UCSF. During the study
period (and at the time of this report), our program considers adults up to the age of 75 years
for lung transplantation. Given the heightened risk of mortality after transplant for older
candidates, use of extra-corporeal membrane oxygenation (ECMO) is currently restricted to
candidates aged 65 or younger. In general, immunosuppressive and infection prophylaxis
strategies after transplant are applied uniformly across age and diagnostic groups.

More detailed descriptions of the multiple HRQL instruments’ properties, a conceptual
model of disablement and analytic approaches may be found in the online supplemental
materials.

Outcome Variables: HRQL

By definition, HRQL is multidimensional.(31) To evaluate generic HRQL we utilized the
Medical Outcomes Survey Short Form-12 version 2 (SF12) Physical and Mental Component
Summary scores (SF12-PCS and -MCS, respectively; a change of 5 points is generally
considered to meet criteria as the minimally clinically important difference [MCID] in
HRQL).(32-34) To evaluate respiratory-specific HRQL, we utilized the Airways
Questionnaire 20-Revised (AQ20-R; MCID: 1.75)).(35) To measure health utility, we
administered the Eurogol 5D 3L (EQ5D; MCID: 0.06) and Visual Analog Scale (EQVAS;
MCID: 10).(36-38) Higher scores indicate better health status.
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Confounding and Predictor Variables

Disability

We were interested in evaluating the relative association of changes in commonly evaluated
clinical measures of transplant efficacy with HRQL. A conceptual model of disablement first
proposed by Nagi and later adapted by the Institute of Medicine informed our variable
selection (Figure 1; Supplemental Methods).(39, 40) In this model, pathology leads to
functional limitations, which are easily quantifiable actions (e.g., distance walked in six
minutes). Functional limitations lead to disability, defined as performing activities in daily
life (e.g., walking to the grocery store). In this model, disability is an upstream precursor to
and determinant of both HRQL and mortality.

Within the context of this model, clinical measures included Forced Expiratory Volume in
one second (FEV1, liters), BMWD (meters), and BMI (kg/m?). We also included age, sex,
diagnostic indication for transplant (categorized by the groupings used in the LAS(3)), and
LAS for inclusion in our analyses as potential confounders. Baseline demographic and
clinical variables were abstracted from medical records. After transplantation, FEV4 and
BMI were abstracted from clinical visit records occurring in the same week as research
visits. Since 6MWD is not routinely performed for clinical purposes, we performed this test
at research study visits in the UCSF Clinical and Translational Sciences Institute Exercise
and Body Composition Laboratory after transplantation.

HRQL in lung transplantation is a multidimensional patient-centered outcome that has many
contributors. Among these, physical functioning is a particularly important.(12, 41, 42)
Indeed, patients often cite impairment in physical functioning as a primary motivation for
considering lung transplantation. Physical disability can impact activities extending far
beyond activities of daily living. These activities can include, for example, working or
attending school as well as activities that many believe make life meaningful such as
spending time with friends and family, other forms of social engagement, and traveling.(43)
Although whether lung transplantation improves disability is, in and of itself, an important
outcome, we hypothesized that some of the changes in HRQL lung transplantation affords
may be accounted for by improved physical disability. To quantify disability across this
broad range of activities, we used the Lung Transplant Valued Life Activities scale (LT-
VLA).(28) The LT-VLA is a 15-item validated measure of disability across the full spectrum
of functioning in lung transplantation.

Analytic Approach

Exploratory plots of HRQL over time identified the need for a piecewise longitudinal
modeling approach. Based on visual inspection of the plots for each HRQL measure, “early
effects were defined as changes in HRQL from pre-transplant baseline up to 3 months after
transplantation; “delayed” effects were defined as changes from beyond 3 months after
transplantation to completion of 3-year follow-up, death, dropout, or the end of the study
period, whichever came first.

We estimated the effect of lung transplantation on HRQL using piecewise linear mixed
models with random intercepts. To account for survivorship, HRQL was jointly modeled
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with death, which allows the HRQL component of the model to focus on subjects still living.
By jointly modeling HRQL and death, the model is able to distinguish between observable
missing HRQL (a subject who is alive but did not complete survey) and unobservable
missing HRQL (a subject who has died). In Model 1, we included piecewise terms to allow
for different coefficients for time (early versus delayed), pre-transplant age, sex, diagnostic
group, LAS, BMI, FEV4, and 6MWD as fixed effects. Since the effect of lung transplant on
HRQL might vary based on age or disease indication, we performed secondary analyses
stratified by age groups defined a priori (18-49, 50-64, 65+) with ordinal tests of trend and
by diagnostic groups (COPD, pulmonary arterial hypertension [PAH], cystic fibrosis [CF],
and pulmonary fibrosis [PF]) with tests of differences. Model testing for each HRQL
instrument demonstrated stability in the key parameter estimates of study interest whether
including age and diagnostic group together or separately, thus supporting that there were
not substantive issues with collinearity between these two variables. To determine the extent
to which change in HRQL was mediated by improvements in disability, Model 2 added LT-
VLA as a random effect to Model 1 and the difference in estimates was compared. We also
supplementally checked our mediation modeling using a validated four-step method.(44)

To evaluate the effect of changes in BMI, FEV1, and 6MWD on changes in HRQL over the
same time period, we utilized linear mixed models jointly modeled with death. We evaluated
the univariate effect of each variable and then combined them in multivariate models.
Changes in each variable were scaled to its clinically meaningful difference: 2.2 units for
BMI (0.5 its standard deviation), 200 milliliters in FEV1, and 30 meters in 6MWD.

Finally, given the importance of one-year survival after lung transplantation, we determined
the proportion of subjects who were alive but did not derive a HRQL benefit at one-year
from the date of transplant. We defined HRQL benefit as an improvement in magnitude at
least twice its MCID, an approach previously taken in other major thoracic surgery.(45) We
tested differences in baseline characteristics between those who improved and those who did
not by Fisher’s exact or Wilcoxon rank-sum tests. As a secondary analysis, we defined
HRQL as an improvement in magnitude of one time its MCID and also determined the
proportion of subjects whose HRQL worsened at one-year compared to before transplant.

Not all subjects completed all study visits. While mixed models can handle occasional
missing data, this advantage applies only to data missing at random. We deemed survey data
to be missing at random if subjects did not complete surveys for reasons other than their
health and, on review of their concurrent clinical status, were not hospitalized, had stable
allograft function, and were not dealing with acute medical issues (e.g., missing data
because the clinic appointment ran late and the subject needed to leave promptly to avoid
traffic or if a coordinator was not available). Surveys were deemed missing not at random if
subjects were too ill to complete the survey. As a sensitivity analysis, we assigned subjects
with non-random missing data (including those who dropped out) the median of the lowest
quartile of HRQL scores for all other participants at that time point.

We addressed survivorship through joint modeling rather than by other techniques such as
assigning those who died the worst HRQL possible or imputation. This approach is more
relevant to data intended for clinical counseling because it provides more accurate estimates
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of the effect of lung transplantation on HRQL for patients still living. It is less useful for
estimating of the effect of transplant on population-level HRQL.

Uniquely, the EQ5D allows for explicit accounting for death by assigning those who died a
score of 0, but allowing the living to self-rate their utility state even lower than that. As
EQ5D-specific sensitivity analysis, we reanalyzed the effect of lung transplant on EQ5D by
linear mixed models, assigning subjects a score of 0 for all time points following their date
of death. It should be noted that this particular analytic approach provides population-level
estimates of EQ5D HRQL than estimates relevant for patient-specific clinical counseling.

Analyses were conducted using SAS 9.4.

RESULTS

Of the 228 patients eligible for this study, 17 declined to participate. Among the 211 subjects
enrolled during the study period (93% consent rate), 46% were female; the median age, 58
years (interquartile range [IQR]: 48-64); and the median LAS, 45.2 (IQR: 37.8-64.7)
(Figure 2; Table 1). Of the cohort, 24% were aged 65 or older; 33% were already
hospitalized at the time of transplantation (11% of the overall cohort were intubated and 9%
received extra-corporeal membrane oxygenation support). At baseline, older subjects
reported better SF12-MCS and AQ-20R HRQL compared to younger subjects (p-values 0.01
and 0.005, respectively) but similar SF12-PCS, EQ5D and EQ VAS based HRQL. Over the
study period, six subjects dropped out (3%), 31 died (14%), and 40 developed chronic lung
allograft dysfunction (19%; [CLAD]) defined by a validated spirometry-based approach that
considers both FEV as well as FVC.(46, 47) The overall survey completion rate was 86%;
rates ranged from 71% to 92% across time points (Table S1).

Generally, lung transplantation was associated with improvements in HRQL that achieved
three to four times each instrument’s MCID; the SF12-MCS was the exception for which
improvements minimally exceeded its MCID (Table 2). While improvements were generally
observed by 3 months, improvements in SF12-PCS continued through 6 months (Figure 3).
After early improvements, HRQL was stable overall or declined by clinically negligible
amounts in survivors for the remainder of the follow-up period. For example, on average,
subjects experienced a 15-point improvement in SF12-PCS within the first 3 months after
transplantation (95%Cl, 13.4-16.7; MCID = 5). The decline thereafter was —0.2 points
(95%Cl, —0.4 — 0.05). Sensitivity analysis with imputed scores for missing surveys did not
appreciably change these effect estimates (data not shown). Effect estimates for EQ5D were
attenuated in analyses assigning subjects who died a score of 0, especially in older subjects
(Table 3; Tables S2, S3).

A substantial proportion of the effect of lung transplantation on HRQL was accounted for by
improvements in disability. After accounting for improvements in LT-VLA disability, lung
transplantation was associated with improvements in SF12-PCS, AQ20-R, and EQVAS
HRQL that reached only one to two times the MCID and the changes in SF12-MCS and
EQ5D were no longer significant (Table 2).
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Notable differences emerged in the age-stratified analyses. After controlling for diagnosis
and other factors, older subjects (age = 65) had substantially smaller improvements in
generic HRQL compared to younger subjects (test of trend p-value= 0.05) (Table 4). For the
SF12-MCS, older subjects experienced no improvement, whereas those in the in the two
younger strata improved by 1.5 times the MCID (test of differences p-value = 0.002).
Although older subjects experienced smaller improvements in respiratory-specific HRQL
and health utility than younger subjects, these differences were not statistically significant.

Changes in HRQL differed significantly by condition in the diagnosis-stratified analyses
(Table 5). After controlling for age and other cofactors, participants with cystic fibrosis
experienced the largest improvements in HRQL across all measures (p < 0.021).
Improvements were generally similar in those with pulmonary fibrosis or COPD and were
the smallest in pulmonary hypertension.

Next, we examined the effect of potential determinants of HRQL. Although statistically
significant, changes in BMI, FEV{, and 6MWD did not independently explain a clinically
relevant amount of the changes in HRQL (Table S5). Although the absolute differences were
small, improvement in FEV, was associated with larger point estimates of improvement in
AQ20-R relative to BMI and 6MWD, whereas improvement in 6MWD was associated with
larger improvements in EQ5D.

Finally, a substantial subset of subjects did not achieve improved HRQL one-year after lung
transplantation (Table 6). Depending on the metric, the proportion failing to improve by
twice the MCID ranged from 11% to 60%. Across measures, there were inconsistent
differences in baseline factors between those who improved and those who did not (Table 7).
In EQ5D, for example, those who improved had lower BMI, higher LAS scores, shorter
6MWD, and were hospitalized at the time of transplantation, whereas in AQ20-R those who
did not improve had better pre-transplant lung function. A relatively small proportion of
subjects reported worse HRQL at one-year after lung transplantation compared to before,
most notably in SF12-MCS and EQ5D HRQL measures (Table S5)

DISCUSSION

In this study of the effect of lung transplantation in the era of the LAS, we found that lung
transplantation delivers large and clinically meaningful improvements in HRQL to most
adults with advanced lung disease. The improvements were generally 3—4 times the
magnitude what are considered to meet minimally clinically important differences. Further,
improvements were achieved within the first six-months after surgery and were durable -
among survivors - for up to three-years. Amelioration in disability appeared to account for a
substantial proportion of this improvement. Although all age groups and disease types
experienced substantial HRQL gains, some (most notably, older persons) did not benefit to
the same degree. Moreover, a subset of patients failed to improve to a clinically meaningful
degree at the one-year post-transplant mark and those who did not survive experienced a
sharp fall-off in HRQL prior to death.
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The durability of the improvements in generic and disease-specific HRQL in survivors was
encouraging and somewhat surprising. Other studies (from the pre-LAS era) have identified
a slow, relentless HRQL decline after the first post-operative year, although rarely declining
to the low levels observed before lung transplantation.(33, 48, 49) Further, we found that
improvements were achieved within the first 3 post-operative months, which contrasts to
prior studies that found improvements continuing through the first year.(49, 50)

Our findings have immediate clinical implications. These data provide information desired
by patients considering lung transplantation today to make more fully informed decisions.
Equally relevant, these data provide clinicians with information to guide counseling tailored
to specific age and diagnostic groups. Also, given the increasingly common scenario of
transplanting acutely ill patients, it is reassuring that patients hospitalized in the run-up to
transplant have the same likelihood of improved HRQL as those who are called in from
home.

Our study identifies other important issues. In our cohort, patients age 65 or older derived
substantially less HRQL benefit than younger patients. It is known that patients older than
65 have a median survival time after lung transplantation of only 3.5 years- fully 3 years less
than for patients younger than 50.(51) We also found that routinely collected clinical
measures, including BMI, lung function, and exercise capacity, did not explain a substantial
degree of changes in HRQL. Higher baseline HRQL scores among older compared to
younger subjects, which only differed statistically for two of the five measures, are unlikely
to account for the smaller degree of improvement observed for that stratum across all the
HRQL measures. Taken together, these findings identify the need for novel measures and
approaches to deliver both improved HRQL and survival, especially to those of older age.
Emerging work suggests that constructs relevant in older populations such as frailty,
depression, and cognitive impairment may be important.(10, 11, 19, 20)

Importantly, our data should not be used to exclude older patients from lung transplantation
for lack of benefit on an /ndividuallevel. While they derived less benefit re/ative to younger
patients, the benefits across measures were, nevertheless, two to three times what is
considered to be minimally important. The benefit of lung transplantation in terms of HRQL
also differed by diagnostic group, even after accounting for age. Reasons for this differential
benefit are not clear. Efforts to understand why some groups, such as cystic fibrosis, derive
larger benefits may inform interventions to improve HRQL in others.(45, 48, 52)

Our LT-VLA data and recent investigations focused on other individual health domains
important in lung transplantation (e.g., depression and anxiety(9, 10, 14, 19, 21), physical
functioning/disability(12, 17, 28), symptom burden(16, 18), and cognitive impairment(13,
15, 22)) suggest that increased attention to individual health domains may ultimately yield
more informative data that can be used to design interventions to improve HRQL.

Our study also has policy implications. U.S. organ allocation is based on the LAS, a system
that defines “transplant benefit” by one-year survival alone. This definition, however, falls
far short of reflecting the full range of clinical benefits lung transplantation strives to deliver.
How patient-centered outcomes can (or should) best be incorporated to more
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comprehensively quantify transplant benefit remains a topic of ongoing debate.(53, 54)
Depending on the metric applied, the substantial variation in the proportion of subjects
failing to achieve a HRQL benefit emphasizes the importance of choosing the right
instrument to quantify HRQL. As we show in this manuscript, the influence of mortality on
HRQL in instruments such as the EQ5D varies depending on the scoring approach
employed. Lastly, instrument selection can be challenging since brevity may come at the
expense of content validity and missed conceptual health domains of importance to lung
transplant recipients. Ongoing efforts to meet this challenge may help to more fully realize
the true clinical aims of lung transplantation.(42, 48, 52)

Comparing our findings to a recent large study of HRQL in patients undergoing lung
transplant in Canada — a country with an allocation system different from the LAS — raises
additional questions.(23) While subjects in both that cohort and ours experienced similar
improvements in SF12-PCS defined HRQL, we observed substantially smaller
improvements in EQ5D and EQVAS in absolute terms. Further, we observed that older
patients had significantly less improvement in SF12 whereas the effect of increasing age on
HRQL in the Canada cohort was negligible. Reasons for these differences are not clear but
may be important. If they reflect center-specific findings, this suggests that HRQL could be
improved by adopting practices from high performing centers. Alternatively, our cohort
participants were older, more likely to have pulmonary fibrosis, and included a greater
proportion hospitalized at the time of transplantation. It is possible that these differences
reflect trends in the U.S. following the adoption of the LAS.(7, 8) Indeed, in the U.S., the
transplant surgery hospitalization now exceeds one month for 25% of recipients and over
50% are discharged to places other than home without skilled support (e.g., skilled nursing
facilities).(7) This morbidity could plausibly effect HRQL measures that emphasize pain,
functional status, mental health, or one’s overall state of well-being. If this is indeed the
case, our findings further underscore how important assessing metrics of transplant efficacy
other than one-year survival are to fully maximizing the individual and societal benefit of
lung transplantation.

The limitations of our findings should be kept in view. Our data were based on a relatively
modest sized cohort from a single center with follow-up only up to three years. While our
study is one of the largest to focus on HRQL, its limitations in size and duration nonetheless
are relevant. Indeed, only 20% of our cohort developed CLAD during the study period,
which is associated with poorer HRQL. Further, the instruments used to measure HRQL in
our study were not developed specifically for use in lung transplantation. While some have
been validated in this population, all fail to some extent to measure certain health domains
important in lung transplant recipients.(18, 42, 48, 55, 56) Although we repeatedly measured
HRQL, the state or trajectory of HRQL in between sampling periods is unknown and
estimates might have been different with different sampling timeframes. Also, although we
considered disability as an upstream predictor of HRQL, the SF12-PCS, AQ20-R, and
EQS5D all include items that do query physical functioning. Thus, the constructs of
impairment, disability and HRQL are difficult to completely disentangle. Notably, changes
in SF12-MCS were small relative to the other HRQL measures. Although our findings are
consistent with prior literature(54), it is not clear whether this is attributable to high baseline
scores in our cohort at or near the population norm, insensitivity of the instrument as a
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mental health measure, or emergence of incident problems such as depression and anxiety
after transplant. Finally, our modeling approach to address survivorship bias is most relevant
for patient-specific clinical decision making and counseling (e.g., “If you survive lung
transplantation, you might reasonably expect your HRQL to be X at 1-year, Y at 2-years,
and Z at 3-years”). This approach, however, limits our ability to provide estimates on the
effect of lung transplantation on population-level HRQL.

Counterbalancing these limitations are the notable strengths of our approach. By quantifying
HRQL before and repeatedly after lung transplantation for up to three years of follow-up,
performing multivariate adjustments, evaluating HRQL across several conceptual health
domains, explicitly attempting to account for selection and survivorship bias, and limiting
dropout, we were able to address important limitations in the existing literature.(8, 42) We
also provided effect estimates of the effect of lung transplantation across clinically relevant
age and diagnostic groups, novel insights into determinants of change in HRQL after
transplantation, and findings on differences in HRQL benefit depending on the instrument
employed. Most saliently, our study population reflects the types of patients undergoing lung
transplantation today.

In summary, our study provides contemporary evidence that lung transplantation in the LAS
era affords adults with advanced lung disease large and durable improvements in HRQL
across age groups and diagnoses. These improvements are largely mediated by amelioration
of disabilities affecting valued life activities. Despite these gains, a notable subset of patients
appears to be left behind in improved HRQL. Multipronged and multi-center efforts to
identify valid and patient-centered metrics of assessing transplant efficacy will help the lung
transplant community maintain its focus on the outcomes that matter most to patients and
society.
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Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

6MWD Six minute walk distance

AQ20-R Airway Questionnaire 20 — Revised
BMI Body Mass Index

CF Cystic Fibrosis

COPD Chronic Obstructive Pulmonary Disease
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ECMO Extra-corporeal membrane oxygenation
EQ5D Euroqol 5D
EQVAS Eurogol Visual Analog Scale
FEV, Forced expiratory volume in one second
HRQL Health-related quality of life
LAS Lung allocation score
LT Lung transplantation
LT-VLA Lung Transplant Valued Life Activities scale
MCID Minimally Clinically Important Difference
PAH Pulmonary arterial hypertension
PF Pulmonary fibrosis
SF12 PCS Medical Outcomes Survey Short Form-12 Physical Component Summary
SF12 MCS Medical Outcomes Survey Short Form-12 Mental Component Summary
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Pathologic
basis
of disease

Relevance
to patients

Figure 1. Conceptual Model of Disablement
Proposed by Nagi(43), the pathway begins with a disease process that causes organ

pathology. As this pathology becomes clinically relevant, organ dysfunction emerges, termed
impairment. Impairment, in turn, leads to reductions in actions, termed functional
limitations. Functional limitations may then lead to disability, defined as difficulty
performing activities in daily life. Disability is an upstream precursor to and determinant of
both health-related quality of life (HRQL) and mortality.
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Figure 2.

Flow chart of transplanted study participants over the duration of the study. LTx = lung
transplantation. Study number in the left column represents the number of subjects providing

data for analysis at each time point (deaths accounted for in analytic approach). Study

number in the right column explains reasons for missed surveys at each time point.
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Figure 3.
Unadjusted plots of average health-related quality of life (HRQL) from before transplant to

up to 3 years after lung transplantation for Panel A. SF12 Physical Component Summary
(PCS); Panel B. SF12 Mental Component Summary (MCS); Panel C. Airway Questionnaire
20-revised; Panel D. Euroqol 5D; and Panel E. Euroqgol Visual Analog Scale. The plotted
line reflects the mean score and whisker bars reflect the bounds of the 95% confidence
intervals at each time point. On the Y-axis, the first solid horizontal line marks the baseline
mean; the dashed horizontal line reflects the minimally clinically important difference
(MCID) and the solid line reflects twice the MCID. The number of subjects who contributed
HRQL data, missed survey responses, and died at each time point is shown in Table S1.
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Table 3

Effect of lung transplantation on EQ5D by age group, assigning a score of 0 to those who died

Early T?;rcl’; tcf::g? r Delayed
1849 0.19 (0.12, 0.26) -0.02 (<003, -0.01)
(Mcfgi%.%) 50-64 0.16 (0.10, 0.22) p=0.035 -0.03 (~0.03, -0.02)
65+  0.08(0.02, 0.15) -0.02 (-0.03, ~0.01)

Adjusted for sex, diagnosis, baseline body mass index, forced expiratory volume in 1 second, six minute walk distance and Lung Allocation Score

Early: From before to 3 months after transplant Delayed: 3 months after transplant to censoring which is completion of 3-year follow-up, death,
dropout, or the end of the study period, whichever came first. Effect estimates reflect average change in HRQL over the early or late time period.

COPD = Chronic Obstructive Pulmonary Disease; PAH = Pulmonary Arterial Hypertension; CF = Cystic Fibrosis; PF = Pulmonary Fibrosis; BMI
= Body Mass Index; 6MWD = six-minute walk distance; FEV1 = forced expiratory capacity in 1 second; LAS = Lung Allocation Score; EQ5D =
Eurogol 5D
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Table 4

The effect of lung transplantation on HRQL by age group

Early change  Test of trend

18-49  17.7 (14.8, 20.6)

SF12-PCS )
(MCID <o) 5064 143(118167)  P=0.05
65+ 13.4(10.0,16.7)
1849 6.4(39,88)
SF12-MCS .
(MCID=5) 9064  65(43,86) P=0.002
65+  0.2(-2.8,3.3)
1849 8.3(7.3,9.2)
AQ20-R )
(MOID 2175 5064 82(7.4,90) P=0.122
65+  7.1(6.1,8.1)
18-49  0.20 (0.15, 0.25)
EQSD )
(MCID20og 5064 017(013,021)  P=0.124
65+ 0.14(0.09,0.19)
18-49  33.2(27.6,38.9)
EQVAS )
(MCID270) 50-64 308(267.349)  P=0.174

65+ 27.2 (215, 33.0)

For age group 18 — 49, n = 56; 50-64, n = 103; n = 52. Adjusted for sex, diagnosis, baseline body mass index, forced expiratory volume in 1
second, six minute walk distance and Lung Allocation Score

Early: Average change from before to 3 months after transplant. Effect estimates reflect average change in HRQL over the early or late time period.

COPD = Chronic Obstructive Pulmonary Disease; PAH = Pulmonary Arterial Hypertension; CF = Cystic Fibrosis; PF = Pulmonary Fibrosis; BMI
= Body Mass Index; 6MWD = six-minute walk distance; FEV1 = forced expiratory capacity in 1 second; LAS = Lung Allocation Score; SF12-PCS
= Medical Outcomes Study Short Form 12 Physical Component Summary scale; SF12-MCS = Medical Outcomes Study Short Form 12 Mental
Component Summary scale; AQ20-R = Airway Questionnaire 20- Revised; score reversed for ease of interpretation); EQ5D = Euroqol 5D; EQVAS
= Euroqol Visual Analog Scale
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Effect of lung transplantation on HRQL by disease category

Table 5

Test of
Early change difference
Group A (COPD)  15.9 (11.5, 20.3)
SFi2.pcs  Group B (PAH) 7.9 (1.0, 14.7) o0.00L
(MCID=5)  Group C (CF) 23.8(19.5, 28.1)
Group D (PF) 13.8 (11.9, 15.8)
Group A (COPD) 2.7(-0.9, 6.4)
(MCID=5)  Group C (CF) 10.3 (6.4, 14.1)
Group D (PF) 4.8(3.1,6.6)
Group A (COPD) 7.7 (6.4,9.1)
AQ20R Group B (PAH) 45(2.1,6.9) om0 0t
(MCID=1.75)  Group C (CF) 9.4 (8.2, 10.6)
Group D (PF) 7.9(7.3,8.6)
Group A (COPD)  0.15 (0.08, 0.21)
Group B (PAH)  0.07 (-0.05, 0.19)
(MC'IE[? s 06) P=0.003
=0. Group C (CF) 0.30 (0.22, 0.39)
Group D (PF) 0.16 (0.13, 0.19)
Group A (COPD)  23.3 (16.2, 30.5)
EQVAS Group B (PAH) 1842634
(MCID=10)  Gyoyp C (CF) 43.0 (36.8, 49.3)
Group D (PF) 30.8 (27.4, 34.3)

Page 26

For Group A, n = 36, Group B, n =8, Group C, n = 19, Group D, n = 148) Adjusted for sex, age group, baseline body mass index, forced expiratory
volume in 1 second, six minute walk distance and Lung Allocation Score

Early: Average change from before to 3 months after transplant. Effect estimates reflect average change in HRQL over the early or late time period.
COPD = Chronic Obstructive Pulmonary Disease; PAH = Pulmonary Arterial Hypertension; CF = Cystic Fibrosis; PF = Pulmonary Fibrosis; BMI
= Body Mass Index; 6MWD = six-minute walk distance; FEV1 = forced expiratory capacity in 1 second; LAS = Lung Allocation Score; SF12-PCS
= Medical Outcomes Study Short Form 12 Physical Component Summary scale; SF12-MCS = Medical Outcomes Study Short Form 12 Mental
Component Summary scale; AQ20-R = Airway Questionnaire 20- Revised; score reversed for ease of interpretation); EQ5D = Euroqol 5D; EQVAS
= Euroqol Visual Analog Scale
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Table 6

Proportion of subjects without improved HRQL at 1-year after lung transplantation defined by either one or
two times the minimally clinically important difference

Not improved by at least  Not improved by two times or greater

the MCID the MCID
SF12-PCS 11 (8%) 30 (21%)
SF12-MCS 65 (46%) 84 (60%)
AQ20-R 8 (6%) 16 (11%)
EQ5D 50 (35%) 60 (43%)
EQVAS 12 (11%) 27 (25%)

MCID = Minimally Clinically Important Difference; SF12-PCS = Short Form 12 Physical Component Summary scale, MCID=5; SF12-MCS =
Short Form 12 Mental Component Summary scale, MCID=5; AQ20-R = Airway Questionnaire 20 — revised, MCID=1.75; EQ5D = Euroqol 5D,
MCID=0.06; EQVAS = Eurogol Visual Analog Scale, MCID=10
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