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Abstract

Background: Previous studies have reported similarities in long-term outcomes following lung
transplantation for connective tissue disease-associated interstitial lung disease (CTD-ILD) and
idiopathic pulmonary fibrosis (IPF). However, it is unknown whether CTD-ILD patients are at
increased risk of primary graft dysfunction (PGD), delays in extubation, or longer index
hospitalizations following transplant compared to IPF patients.

Methods: We performed a multicenter retrospective cohort study of CTD-ILD and IPF patients
enrolled in the Lung Transplant Outcomes Group registry who underwent lung transplantation
between 2012 and 2018. We utilized mixed effects logistic regression and stratified Cox
proportional hazards regression to determine whether CTD-ILD was independently associated
with increased risk for grade 3 PGD or delays in post-transplant extubation and hospital discharge
compared to IPF.

Results: 32.7% (33/101) of patients with CTD-ILD and 28.9% (145/501) of patients with IPF
developed grade 3 PGD 48-72 hours after transplant. There were no significant differences in odds
of grade 3 PGD among patients with CTD-ILD compared to those with IPF (adjusted OR 1.12,
95% CI 0.64-1.97, p=0.69), nor was CTD-ILD independently associated with a longer post-
transplant time to extubation (adjusted HR for first extubation 0.87, 95% CI 0.66-1.13, p=0.30).
However, CTD-ILD was independently associated with a longer post-transplant hospital length of
stay (median 23 days [IQR 14-35 days] vs.17 days [IQR 12-28 days], adjusted HR for hospital
discharge 0.68, 95% CI 0.51-0.90, p=0.008).
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Conclusion: Patients with CTD-ILD experienced significantly longer post-operative
hospitalizations compared to IPF patients without an increased risk of grade 3 PGD.

Keywords

Lung transplantation; primary graft dysfunction; connective tissue disease-associated interstitial
lung disease

Background

Interstitial lung disease due to systemic autoimmune rheumatic diseases such as systemic
sclerosis, rheumatoid arthritis, dermatomyositis, and polymyositis contributes significantly
to morbidity and mortality.> Lung transplantation is a potentially life-saving intervention for
patients with connective tissue disease-associated interstitial lung disease (CTD-ILD).
However, medical centers are often reluctant to offer transplant to patients with CTD-ILD
due to concerns that extra-pulmonary manifestations of their underlying autoimmune disease
may limit long-term survival.2 These concerns have been assuaged by several recent studies
demonstrating comparable outcomes for patients with CTD-ILD and idiopathic pulmonary
fibrosis (IPF), a widely accepted indication for lung transplantation.3-” In addition, similar
mortality rates after transplant have been observed between patients with systemic sclerosis-
associated lung disease and those with pulmonary arterial hypertension, another widely
accepted indication for transplant.”-2

Only a limited number of studies, most of which largely underrepresent CTD-ILD, have
reported specifically on short-term in-hospital outcomes such as primary graft dysfunction
(PGD) and hospital length of stay (LOS) following lung transplantation.10-14 PGD is a form
of acute lung injury characterized by hypoxemia and alveolar infiltrates in the allograft(s)
that occurs within 72 hours after transplant.1> The highest grade of PGD, grade 3, has been
associated with a significantly longer duration of mechanical ventilation and post-transplant
hospital LOS, as well as increased 90-day and one-year mortality compared to absent or
lower grades of PGD.16-19

Despite a steady increase in lung transplantation for patients with CTD-ILD,20 little is
understood about whether this unique population carries increased risk for the development
of severe PGD and whether a higher incidence of PGD, along with other contributing
factors, prolongs time to extubation or hospital LOS following transplant. The purpose of
our study was to compare differences in incidence of grade 3 PGD, post-transplant time to
extubation, and post-transplant hospital LOS between CTD-ILD and IPF patients. Given the
critical role that systemic inflammation plays in the development of PGD,2! we
hypothesized that CTD-ILD patients would be at higher risk of grade 3 PGD compared to
IPF patients, which, in turn, would result in significant delays in extubation and increases in
hospital LOS following transplant.
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Study Design and Patient Population

We performed a retrospective cohort study of adults enrolled in the Lung Transplant
Outcomes Group (LTOG) registry who underwent single or bilateral lung transplantation
between July 2012 and August 2018. The LTOG registry is a multicenter prospective cohort
study of patients aged 18-80 years who received a lung transplant at one of 10 participating
U.S. medical centers.22-26 Subjects were included in the present study if they had a
diagnosis of CTD-ILD or IPF. Of note, CTD patients with predominantly pulmonary arterial
hypertension and minimal ILD were listed for transplant with a diagnosis of CTD-associated
pulmonary arterial hypertension rather than CTD-ILD and were therefore not included in
our study sample. Specific CTD diagnoses were extracted from the United Network for
Organ Sharing (UNOS) database. Subjects were excluded if they received a combined heart-
lung transplant or a bilateral lobar transplant. The institutional review boards at all
participating centers approved the study, and all patients provided written informed consent.

Outcome Definitions

The primary outcome was grade 3 PGD at 48 or 72 hours after reperfusion, an outcome
previously validated and utilized in earlier observational studies.16:18:24.27.28 Severity of
PGD was assessed prospectively according to the 2017 International Society for Heart and
Lung Transplantation (ISHLT) guidelines, which define grade 3 PGD as a partial pressure of
oxygen in arterial blood to fraction of inspired oxygen (PaO,/FiO,) ratio <200 and the
presence of infiltrates within the allograft(s) on chest radiograph imaging.1® Patients on
extracorporeal life support who had supportive radiographic findings were classified as
having grade 3 PGD. PGD was graded by two physicians blinded to participants’ clinical
information who independently interpreted each subject’s chest radiographs with
adjudication of conflicts by a third physician (kappa for grade 3 PGD classification was
0.95).18 patients who died within 72 hours of transplant but who fulfilled criteria for grade 3
PGD were classified as having developed PGD. Dates of first extubation and index
hospitalization discharge following transplant were used to quantify post-transplant time to
extubation and post-transplant hospital LOS, respectively.

Statistical Analysis

Differences in baseline patient characteristics were analyzed using the Student’s #test,
Mann-Whitney U'test, chi-squared test, or Fisher’s exact test, as appropriate. Individual data
elements had varying degrees of missingness, ranging from 0-26%. To address any data
missingness, we applied the method of chained equations by creating 10 imputed datasets
using binomial, ordinal, and linear regression models for missing data.2%-31 After the
imputation process, out-of-range values were truncated to fall within an appropriate clinical
range.

We performed univariate and multivariable mixed effects logistic regression to assess
whether CTD-ILD patients were at higher risk of grade 3 PGD compared to IPF patients. A
random effect for a patient’s transplant center was added to our multivariable model given
the variability in incidence of PGD observed across participating centers and because prior
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research has shown differences in survival among lung transplant centers within the U.S.32
The following covariates were selected a priori for inclusion in our multivariable model
based on preexisting mechanistic and biological knowledge: age, sex, race (Caucasian,
Black, or other), body mass index (BMI), lung allocation score, intraoperative mean
pulmonary arterial pressure (mPAP), transplant type (single or bilateral), use of
intraoperative cardiopulmonary bypass or extracorporeal membrane oxygenation, and pre-
transplant corticosteroid use.10:18.25.33-35 Corticosteroid use and non-corticosteroid
immunosuppressant use were colinear, so only corticosteroid use was included in our
multivariable model as it had stronger correlation with grade 3 PGD.

We generated Kaplan-Meier curves to graphically depict differences in post-transplant time
to extubation and hospital LOS among survivors to first extubation and to hospital discharge,
respectively. To examine the associations between listing diagnosis and both (1) post-
transplant time to extubation and (2) post-transplant hospital LOS among survivors, we
modeled listing diagnosis (CTD-ILD vs. IPF) as the independent binary variable of interest
in Cox proportional hazards regression models where (1) time to extubation and (2) time to
discharge were the dependent variables (i.e., first extubation and hospital discharge were the
“events” in our analyses).38 For all of our analyses, a hazard ratio of less than 1 suggests a
lower likelihood of achieving the event of interest (i.e., a lower likelihood of extubation and
a lower likelihood of hospital discharge). We stratified our Cox models according to
transplant center and adjusted for the same covariates that we did in our multivariable
logistic regression model. The proportional hazards assumption was assessed via weighted
versions of Kaplan-Meier curves using log-log plots and tests and graphical displays of
Schoenfeld and scaled Schoenfeld residuals. We performed a sensitivity analysis in which
in-hospital death after transplant was modeled as a competing risk, although death during
the index hospitalization occurred in <5% of patients in our study population. Finally, we
generated post-transplant hospital LOS models in which both grade 3 PGD and
logarithmically-transformed time to extubation data were included as additional covariates.

According to our power calculations, an estimated 456 patients (380 with IPF and 76 with
CTD-ILD) would be required to achieve 80% power at a two-sided alpha of 0.05 to detect a
significant difference in risk for grade 3 PGD between patients with IPF and those with
CTD-ILD, assuming a grade 3 PGD incidence of 15% among IPF patients!® and 30%
among CTD-ILD patients.1* Statistical significance was defined as p<0.05. All analyses
were performed using Stata/IC, version 15.1 (College Station, TX).

During the study period, 872 study subjects with ILD underwent lung transplantation. After
excluding those with an alternative ILD diagnosis or those who received a combined heart-
lung transplant or a bilateral lobar transplant, 602 subjects remained (101 with CTD-ILD
and 501 with IPF; Figure 1). Compared to those with IPF, patients with CTD-ILD were
younger (median age 56 [IQR 47-64] years vs. 65 [IQR 59-69] years, p<0.001), a greater
proportion were female (58.0% vs. 23.7%, p<0.001), and a smaller proportion were
Caucasian (71.6% vs. 89.9%, p<0.001; Table 1). In addition, CTD-ILD patients had higher
lung allocation scores (median score 47.2 [IQR 41.4-58.8] vs. 43.3 [38.0-54.5], p<0.001)
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and were more frequently prescribed pre-transplant immunosuppressive medications than
those with IPF (corticosteroid use: 69.7% vs. 35.0%, £<0.001; non-corticosteroid
immunosuppressant use: 61.8% vs. 15.1%, p<0.001). Finally, a greater proportion of
patients with CTD-ILD underwent a bilateral lung transplant compared to those with IPF
(83.3% vs. 61.6%, p<0.001). No differences were observed in BMI, intraoperative mPAP
measurements, and intraoperative use of cardiopulmonary bypass or extracorporeal
membrane oxygenation between the two groups.

Among CTD-ILD patients, the most commonly represented autoimmune diseases were
systemic sclerosis (7=42, 41.6%), rheumatoid arthritis (/7=11, 11.9%), and mixed connective
tissue disease (/7=5, 5.0%). Sjogren’s syndrome, dermatomyositis and polymyositis, and
systemic lupus erythematosus each comprised less than 5% of our CTD-ILD study
population. Approximately one-third of patients (7=33, 32.7%) had a systemic autoimmune
rheumatic disease that was not specified in the UNOS database (e-Supplemental Table 1).

Out of 602 participating subjects, 178 (30.0%) were diagnosed with grade 3 PGD 48-72
hours after reperfusion — 145 out of 501 (28.9%) patients with IPF and 33 out of 101
(32.7%) patients with CTD-ILD. Odds of grade 3 PGD were similar between subjects with
CTD-ILD and IPF in both our univariate analysis (OR 1.19, 95% CI 0.75-1.88, p=0.45) and
our multivariable-adjusted analysis (1.12, 95% CI 0.64-1.97, p=0.69; Table 2). Comparable
multivariable-adjusted point estimates were observed using a complete case analysis
approach in lieu of multiple imputation, in which only subjects with complete data were
included (OR 1.20, 95% CI 0.62-2.34, p=0.59).

Extubation data were available for 578 out of 602 subjects, 163 (28.2%) of whom were
women. Twelve of the 24 subjects (50%) with missing extubation data were women
(p=0.021). Baseline demographics otherwise did not statistically significantly differ between
patients with and without extubation data. In addition, there were no differences noted in
risk of death prior to or on the day of first extubation between CTD-ILD and IPF patients
(=0 [0.0%] for CTD-ILD vs. n=11 [2.3%] for IPF, p=0.14). Among survivors to first
extubation (/7=567), median post-transplant time to extubation was 2 days for both CTD-ILD
and IPF with differences noted in interquartile ranges (CTD-ILD IQR 1-11 days, IPF IQR
1-5 days, p=0.02; Table 3). Unadjusted Kaplan-Meier estimates for time to extubation
among survivors are shown in Figure 2A (log-rank test £=0.005). In our univariate analysis,
subjects with CTD-ILD had a longer time to extubation (i.e., a lower “risk” of extubation)
than those with IPF (HR 0.73, 95% CI 0.58-0.91, p=0.005; Table 3). However, after
adjustment for prespecified clinical covariates, post-transplant time to extubation was similar
between CTD-ILD and IPF patients (HR 0.87, 95% CI 0.66-1.13, p=0.30). A multivariable
analysis in which death prior to or on the day of first extubation was modeled as a competing
risk yielded a similar sub-hazard ratio (SHR 1.03, 95% CI 0.82-1.29, p=0.81; Table 3).

Hospital discharge data were available for 577 out of 602 subjects, 162 (28.1%) of whom
were female. Similar to the extubation data, 13 of the 25 subjects (52%) missing discharge
data were women (p=0.01). Baseline demographics otherwise did not statistically
significantly differ between patients with and without discharge data. In addition, there were
no differences noted in risk of in-hospital death between CTD-ILD and IPF patients (7= 3
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[3.2%] for CTD-ILD vs. =17 [3.5%] for IPF, p=0.86). Among survivors to hospital
discharge (/7=557), median post-transplant hospital LOS was 23 days (IQR 14-35 days) for
CTD-ILD and 17 days (IQR 12-28 days) for IPF patients (p=0.01; Table 3). Unadjusted
Kaplan-Meier estimates for time to hospital discharge among survivors are shown in Figure
2B (log-rank test p=0.008). Among patients who survived to hospital discharge, subjects
with CTD-ILD had a significantly longer post-transplant hospital LOS (i.e., a lower “risk” of
hospital discharge) than those with IPF (HR 0.74, 95% CI 0.59-0.93, p=0.01; Table 3), a
relationship that persisted after adjustment for prespecified clinical covariates (HR 0.68,
95% CI 0.51-0.90, p=0.008). A multivariable analysis in which in-hospital death was
modeled as a competing risk yielded a similar sub-hazard ratio (SHR 0.76, 95% CI
0.57-1.01, p=0.06).

Finally, the relationship between diagnosis and post-transplant hospital LOS remained
statistically significant with inclusion of grade 3 PGD and log-transformed time to
extubation as additional covariates in a multivariable model, suggesting neither accounted
for differences observed in post-transplant hospital LOS between CTD-ILD and IPF
patients. In this model, both grade 3 PGD and log-transformed time to extubation were
highly associated with post-transplant hospital LOS (p<0.001 for both).

Discussion

We did not detect an association between a diagnosis of CTD-ILD and PGD risk following
lung transplantation relative to a diagnosis of IPF. CTD-ILD patients had significantly
longer hospitalizations after transplant compared to IPF patients, but there was no significant
difference between groups in time to extubation after transplant.

Our findings demonstrating a comparable risk for PGD are concordant with results from a
recent single-center study of 15 CTD-ILD and 47 IPF patients.14 Several downstream
consequences have been described as a result of PGD, including increased 90-day and one-
year mortality rates.18 In addition, multiple studies have shown an association between PGD
and risk for the subsequent development of chronic lung allograft dysfunction (CLAD).
19,3740 A |arge retrospective cohort study of non-systemic sclerosis CTD-ILD and IPF
transplant recipients demonstrated similar risk for bronchiolitis obliterans syndrome, a
subtype of CLAD.3 This observation may be explained in part by comparable rates of PGD,
as demonstrated by our findings, although the authors did not specifically investigate this. In
addition, a similar incidence of PGD may be one of many contributing factors leading to
similarities in long-term outcomes among CTD-ILD and non-CTD-ILD transplant
recipients, as described in previous studies.37:41

We anticipated delays in extubation among CTD-ILD patients relative to IPF patients,
potentially driven by extra-pulmonary CTD manifestations (e.g., esophageal dysmotility in
systemic sclerosis or muscle weakness in dermatomyositis or polymyaositis); however, no
significant differences in time to extubation were observed. Conversely, we did observe
significant differences in post-transplant hospital LOS between these two groups.
Specifically, median LOS was 6 days longer for CTD-ILD patients than for IPF patients,
which is an increase of over 35%. This difference does not appear to have been driven by
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higher rates of PGD or delays in extubation, a finding supported by our sensitivity analysis
in which PGD and log-transformed time to extubation were included as additional covariates
in our multivariable model. Given the high proportion of systemic sclerosis patients present
in our study (over 40% of the CTD-ILD patients had systemic sclerosis), one potential
explanation for this difference in hospital LOS is the need to manage esophageal dysmotility
prior to discharge,*243 although these data are not specifically captured within the LTOG
registry. Over 90% of systemic sclerosis patients have esophageal dysmotility,** and many
of these patients may have required placement of gastric or gastro-jejunal tubes for enteral
nutrition prior to hospital discharge. Pre-transplant corticosteroid use likely does not account
for the differences observed in post-transplant hospital LOS between CTD-ILD and IPF
patients, as it was not significantly associated with post-transplant hospital LOS in our
multivariable Cox model. In a previous study, patients who received pre-transplant
corticosteroids did not have a longer overall hospital LOS or intensive care unit LOS
following lung transplant than those who did not receive pre-transplant corticosteroids,
although most patients carried a pre-transplant diagnosis of chronic obstructive pulmonary
disease and not CTD-1LD.13

Our study has some limitations. Due to concerns for model overfitting, only a limited
number of PGD risk factors could be included in our multivariable analyses, thus resulting in
the potential for residual confounding. However, we intentionally selected covariates that
have been found to be most significantly associated with PGD risk and omitted those that
have been shown to be more weakly associated with PGD risk. There is a possibility that
unmeasured confounding or bias due to missing data may have influenced our results.
Although multiple imputation is a validated approach to address data missingness, some
covariates had large percentages of missing data (e.g., 26% for intraoperative mPAP
measurements and 15% for pre-transplant corticosteroid use), potentially leading to inflated
variances caused by uncertainties of imputation. However, we observed similar
multivariable-adjusted odds ratios in our PGD models when using imputed data or a
complete case analysis approach. A limited number of subjects had missing extubation and
hospital discharge data and thus were excluded from these analyses, potentially biasing our
results. However, we compared baseline demographics between patients with and without
extubation and discharge data and only noted statistically significant differences with regard
to sex, suggesting these data were likely missing at random. Moreover, modeling in-hospital
death as a competing risk in both the extubation and hospital discharge multivariable Cox
proportional hazards regression models resulted in similar sub-hazard ratios compared to the
original multivariable models. In addition, not all patients undergoing transplantation at an
LTOG site were enrolled, thus potentially introducing selection bias. However, prior LTOG
studies have demonstrated similar PGD risk profiles between enrolled and non-enrolled
patients.18

Given the observational nature of our study, we were unable to definitively exclude other
disease processes that could have resulted in similar radiographic findings compared to PGD
(e.g., significant pulmonary contusion or multifocal pneumonia). However, our grade 3 PGD
outcome definition has been validated and applied in numerous prior observational studies.
16,18,24,27,28,45 For example, one prior multicenter prospective cohort study tested the
discriminate validity of the ISHLT PGD grades with lung injury biomarker profiles and
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survival and showed that grade 3 PGD was associated with the most severely altered plasma
biomarker profile and the worst outcomes, regardless of the time point of grading.1 In this
study, PGD grade at 48 and 72 hours discriminated mortality better than PGD grade at 24
hours. More recently, a study utilizing the LTOG registry demonstrated that later time points
for assessment of PGD grade (48-72 hours) had better discrimination for mortality and that
all grading constructs based on P/F ratios performed well regardless of transplant type or
mechanical ventilation status.*>

Our study was inadequately powered to stratify analyses according to patients’ underlying
autoimmune diseases, nor did we have the ability to study potential mechanisms driving
differences in post-transplant LOS. Finally, we were unable to validate each subject’s
diagnosis via chart review, although pulmonologists and rheumatologists at participating
medical centers established diagnoses of IPF and CTD-ILD through multidisciplinary
discussions and published classification criteria,#6-50

In conclusion, CTD-ILD patients experienced significantly longer post-operative
hospitalizations after lung transplantation compared to IPF patients. Additional research is
needed to identify causal factors responsible for these differences. We did not, however,
detect an increased risk of PGD in younger patients with CTD-ILD compared to those with
IPF. Our findings add to a growing body of evidence that suggests carefully selected
candidates with CTD-ILD have similar short- and long-term outcomes compared to patients
with non-CTD-ILD and can safely undergo lung transplantation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Flow diagram demonstrating how the study population was derived.
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Figure 2:

Unadjusted Kaplan-Meier estimates for A) post-transplant time to extubation among
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survivors to first extubation (7=567, log-rank test p=0.005) and B) post-transplant hospital

length of stay among survivors to hospital discharge (7=557, log-rank test p=0.008).
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Table 1:

Baseline sociodemographic and clinical characteristics of study participants

Total CTD-ILD IPF
P value
N 602 101 501
Age at transplant (years), median (IQR) 64 (58, 68) 56 (47, 64) 65 (59, 69) <0.001
Female sex (%) 173 (29.6) 58 (58.0) 115 (23.7) <0.001
White/Caucasian 504 (86.9) 68 (71.6) 436 (89.9)
Race (%) Black/African American 47 (8.1) 21 (22.1) 26 (5.4) <0.001
Other 29 (5.0) 6(6.3) 23 (4.7)
Hispanic/Latino 29 (5.1) 10 (10.4) 19 (4.0)
Ethnicity (%0) 0.01
Not Hispanic/Latino 539 (94.9) 86 (89.6) 453 (96.0)
BMI (kg/m?), mean (SD) 26.7 (3.6) 26.1(4.1) 26.8 (3.5) 0.10
Lung allocation score, median (IQR) 43.8(38.6,56.4) | 47.2(41.4,58.8) | 43.3(38.0,54.5) | <0.001
Intraoperative mPAP (mmHg), median (IQR) 28.0(22.0,36.3) | 29.3(22.7,38.3) | 28.0(21.7,36.0) 0.21
Single 203 (34.8) 16 (16.7) 187 (38.4)
Transplant type (%) <0.001
Bilateral 380 (65.2) 80 (83.3) 300 (61.6)
Intraoperative cardiopulmonary bypass or ECMO (%) 344 (62.4) 68 (70.8) 276 (60.7) 0.06
Pre-transplant corticosteroid use (%6) 206 (40.2) 53 (69.7) 153 (35.0) <0.001
Non-corticosteroid immunosuppressant use (%) 113 (22.0) 47 (61.8) 66 (15.1) <0.001

Page 15

*
Percent missing: age at transplant = 2.7; female sex = 2.8; race = 3.7; ethnicity = 5.7; BMI = 4.8; lung allocation score = 5.7; intraoperative mPAP
= 26.1; transplant type = 3.2; intraoperative cardiopulmonary bypass or ECMO = 8.5; pre-transplant corticosteroid use = 14.8; non-corticosteroid

immunosuppressant use = 14.6.

Abbreviations: CTD-ILD = connective tissue disease-associated interstitial lung disease; IPF = idiopathic pulmonary fibrosis; IQR = interquartile

range; BMI = body mass index; SD = standard deviation; mPAP = mean pulmonary arterial pressure; ECMO = extracorporeal membrane

oxygenation.
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Association between interstitial lung disease diagnosis and incidence of grade 3 primary graft dysfunction

Table 2:

No. with Univariate Multivariable™
Lung disease | No. atrisk | grade 3 PGD
(%) OR | 95%ClI | Pvalue | OR | 95% CI | Pvalue
IPF 501 145 (28.9) Ref. - - Ref. - -
CTD-ILD 101 33 (32.7) 1.19 | 0.75-1.88 0.45 1.12 | 0.64-1.97 0.69

*
Multivariable model is adjusted for age at transplant, sex, race (Caucasian, Black, or other), body mass index, lung allocation score, intraoperative
mean pulmonary arterial pressure, type of transplant (single or bilateral), use of intraoperative cardiopulmonary bypass or extracorporeal membrane

oxygenation, and pre-transplant corticosteroid use and includes transplant center as a random effect.

Abbreviations: PGD = primary graft dysfunction; OR = odds ratio; Cl = confidence interval; IPF = idiopathic pulmonary fibrosis; CTD-ILD =

connective tissue disease-associated interstitial lung disease.
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Table 3:

Associations between interstitial lung disease diagnosis and both time to extubation and hospital length of stay
following lung transplantation

i - Multivariable Competing Risk
Pre- Duration Univariate Cox Model Multivariable Cox Model™

*
transplant N(.)'I?t (daay_s), Model
P H ris! meaian
diagnosis (IQR) HRT | 95%cC1 | Pvalue [ yrT | 95%CI | Pvalue | syrt | 95% CI | Pvalue

Time to Extubation

IPF 471 2(1,5) Ref - - Ref - - Ref - -

CTD-ILD 96 2(1, 11)§ 0.73 | 0.58-0.91 0.005 0.87 | 0.66-1.13 0.30 1.03 0.82-1.29 0.81

Hospital Length of Stay

IPF 465 17 (12, 28) Ref. - - Ref. - - Ref. - -

CTD-ILD 92 23(14,35)° | 074 [ 059-093 | o001 | 068 | 051090 [ 0.008 | 076 | 057-1.01 | 006

*

Multivariable models are adjusted for age at transplant, sex, race (Caucasian, Black, or other), body mass index, lung allocation score,
intraoperative mean pulmonary arterial pressure, type of transplant (single or bilateral), use of intraoperative cardiopulmonary bypass or
extracorporeal membrane oxygenation, and pre-transplant corticosteroid use with stratification by transplant center.

fA hazard or sub-hazard ratio less than 1 suggests a lower likelihood of achieving the event of interest (i.e., first extubation or hospital discharge).

§Pva|ue for Mann-Whitney U'test comparing CTD-ILD to IPF <0.05.

Abbreviations: IQR = interquartile range; HR = hazard ratio; Cl = confidence interval; SHR = sub-hazard ratio; IPF = idiopathic pulmonary
fibrosis; CTD-ILD = connective tissue disease-associated interstitial lung disease.
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