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Abstract

Background—Lung transplantation is an intervention that improves survival for adult patients
with cystic fibrosis (CF). Some patients with CF are never referred for lung transplant evaluation
despite meeting physiologic criteria for referral.

Methods—We performed a retrospective analysis of adult patients (= 18 years of age) in the
Cystic Fibrosis Foundation Patient Registry (CFFPR), eligible for their first evaluation for lung
transplantation during the years 2001-2008 based on FEV1 <30% predicted in two consecutive
years.

Results—Within the CFFPR, 1240 patients met eligibility criteria. Eight hundred and nine
(65.2%) were referred for lung transplant evaluation, and 431 (34.8%) were not referred. In a
multivariable model, Medicaid insurance (OR 1.79, 95% CI 1.29-2.47), older age (per 5 year
increase; OR 1.25, 95% CI 1.13-1.39), lack of high school graduate education (OR 2.27, 95% ClI
1.42-3.64), and Burkholderia cepacia complex sputum culture positivity (OR 2.48, 95% CI1 1.50-
4.12) were associated with non-referral, while number of pulmonary exacerbations (OR 0.93, 95%
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Cl 0.87-0.99) and supplemental oxygen use (OR 0.59, 95% CI 0.43-0.81) were associated with
increased referral.

Conclusions—Despite meeting lung function criteria for lung transplant evaluation, 35% of
patients with CF had not yet been referred to a lung transplant center. Predictors of non-referral
included markers of low socioeconomic status, older age and Burkholderia cepacia complex
sputum culture. Further work is needed to understand the outcomes for non-referred patients in
order to refine referral recommendations in this population.

Background

Progressive respiratory failure causes death in approximately 80% of patients with cystic
fibrosis (CF).(1-3) Lung transplantation (LTX) is a treatment option for certain patients with
CF and end-stage lung disease. CF is currently the third most common indication for LTx in
the United States (US).(4) Appropriate candidates for LTx have advanced lung disease with
impaired quality of life and are adherent to medical recommendations, while lacking
contraindications to transplant. Patients deemed good candidates for LTx are referred to a
lung transplant center. The evaluation for LTx involves: assessing a patient’s indication for
transplant; identifying potential contraindications or barriers to transplant; and providing the
patient with information about the LTx process.(5) If the candidate is determined to be
appropriate for lung transplantation, he/she is placed on the United Network for Organ
Sharing (UNQS) waitlist in rank-order by Lung Allocation Score (LAS). The LAS was
adopted in May 2005 in the US in an attempt to maximize net benefit of transplant,
considering a patient’s waitlist urgency and 1-year post-transplant survival.

The International Society for Heart and Lung Transplantation (ISHLT) recommends referral
for lung transplant evaluation when a patient has a 2- to 3-year predicted survival of <50%.
(6) Historically, forced expiratory volume in one second (FEV1) <30% of the predicted
value was considered the strongest independent predictor of 2-year mortality in patients with
CF, but this finding has not been uniform.(7-9) FEV; <30% predicted has been an ISHLT-
recommended indication for consideration of referral for lung transplant evaluation since
1998.(10) Several other clinical factors have also been recommended for consideration of
referral, including a rapid decline in FEV despite optimal therapy, 6-minute walk distance
<400 meters, development of pulmonary hypertension, or clinical decline (pulmonary
exacerbations with intensive care unit admission, refractory or recurrent pneumothorax, life-
threatening hemoptysis not controlled by embolization), particularly if present prior to a fall
in FEVq to below 30% predicted.(6)

Despite meeting current medical indications for referral for transplant evaluation, some CF
patients are not referred to a lung transplant center for evaluation. Listing for LTx for
patients with CF (once referred to a transplant center) has been shown to differ based on
socioeconomic status (SES), including Medicaid insurance status and driving time to nearest
lung transplant center.(11) We hypothesized that markers of low SES would also be
associated with non-referral of CF patients for lung transplant evaluation. The purpose of
this study was to identify predictors of non-referral for lung transplant evaluation in CF
patients with advanced lung disease.
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The Institutional Review Board at the University of Washington determined that this
research has Exempt Status based on the proposed project’s use of a de-identified data set,
the US Cystic Fibrosis Foundation Patient Registry (CFFPR). Our request to use data from
the CFFPR was reviewed and accepted by the Cystic Fibrosis Foundation.

Study population and data source

We performed a retrospective cohort study to evaluate predictors of non-referral for lung
transplant evaluation in patients with CF using the CFFPR. The CFFPR captures
demographic and encounter-based clinical data for approximately 85-90% of the US CF
population.(1) Inclusion criteria for this study included: age 18 years and older with a valid
residential zip code, eligible for first lung transplant evaluation during the years 2001-2008
based on FEV; <30% predicted for two consecutive years when clinically stable (Figure 1).
The physiologic inclusion criterion for this study was intended to capture an extreme
phenotype for CF patients, those likely to be referred for lung transplant evaluation based on
current ISHLT recommendations.(6) Subjects with less than two years of lung function data
or with a prior lung transplant evaluation were excluded. Once meeting the eligibility
requirement, the patient’s lung transplant referral status was ascertained from the CFFPR.

Outcome and exposures

The primary outcome of interest was non-referral (yes/no) for lung transplant evaluation,
irrespective of the decision to list for transplant following a referral. The primary covariates
of interest focused on SES. Receipt of any Medicaid insurance at the time of eligibility for
lung transplant was our primary indicator of low SES and a common proxy for low SES in
the CF literature.(12) We also examined other markers of low SES, including educational
attainment (high school graduate vs. did not complete high school), median household
income based on the patient’s residential ZIP code [relative to the 2000 federal poverty level
(FPL)] and driving time to the nearest lung transplant center, defined as the driving time
from the center of the patient’s residential zip code to the nearest adult lung transplant
center.(11)

Additional covariates included demographics (race, age, gender), markers of disease severity
(FEV1 % predicted, number of acute exacerbations [requiring intravenous antibiotics] per
year, Pseudomonas aeruginosa and Burkholderia cepacia complex sputum culture status, use
of supplemental oxygen or noninvasive positive pressure ventilation [NPPV], body mass
index [BMI, kg/m?], insulin-requiring CF-related diabetes), comorbidities (CF-related liver
cirrhosis with associated portal hypertension, renal failure requiring dialysis, osteoporosis,
depression, tissue-proven cancer, smoking), adherence to medical follow-up (frequency of
outpatient visits per year), and LAS implementation period (pre-2005, 2005 or later).
Covariate values were ascertained in the same year as the patient met physiologic inclusion
criteria. Current clinical recommendations include quarterly clinical visits for all CF
patients; therefore, having fewer than four outpatient visits per year was used as a marker of
non-adherence. There was significant missing data for smoking (67%) and NPPV (68%) and
they were, therefore, excluded from analyses.
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Statistical analyses

Results

Descriptive statistics were produced for and compared between patients who were referred
and those who were not referred for lung transplant evaluation. Additionally, patient
characteristics were compared amongst those receiving and not receiving Medicaid.
Continuous variables were compared using Student’s ftest allowing for unequal variances
and categorical variables with a Chi-squared or Fisher’s exact test when appropriate. To
evaluate whether differences in referral for lung transplant evaluation occurred during the
time period, a Chi-squared test of referral status and year was performed and a
nonparametric test of trend was used to evaluate a linear change in referral over time. A
priori power calculations can be found in the online supplement.

Unadjusted logistic regression was used to evaluate the association between each predictor
of interest and non-referral for lung transplant evaluation. Multivariable logistic regression
models with robust standard errors were used to evaluate the independent predictors of non-
referral. Initially, the model included only Medicaid status and referral outcome. Due to the
low numbers, patients with no insurance or unknown insurance status were excluded from
analyses (Figure 2). Potential confounding covariates were sequentially forced into the
model as sets of related variables: demographics; disease severity characteristics; potential
contraindications to referral; driving time to nearest lung transplant center; and lung
transplant period. The final model included all sets of covariates. Each model was adjusted
for cluster effects at the level of the CF care center. Results of logistic regression models are
presented as odds ratios (OR) with corresponding 95% confidence intervals (Cl). Two sided
P values <0.05 were considered statistically significant. All analyses were performed using
STATA version 13.0 (StataCorp LP).

A total of 1240 patients met our eligibility criteria for lung transplant evaluation during the
years 2001-2008, of which 809 (65%) eligible patients were referred for LTx evaluation and
431 (35%) were not referred (Figure 2). Overall, the mean FEVq % predicted was 24.6%
(standard deviation [SD]=3.7%) and mean age of subjects was 31 years (SD=9 years) (Table
1). The majority of subjects were male (59%) and Caucasian (94%). Timing of eligibility
(pre/post-LAS implementation) was not significantly associated with referral status. Year of
eligibility for lung transplant referral was associated with referral status (p = 0.013, see
online supplement Table E1); however, there was no significant trend in referral pattern over
time (p = 0.236).

Despite being younger, subjects with Medicaid insurance had more advanced disease,
increased rates of depression, less social support, and more markers of low SES (Table 2).
Longer driving time to the nearest lung transplant center was significantly associated with
Medicaid insurance status (p <0.001). Additionally, driving time to the nearest lung
transplant center was significantly associated with median income relative to the FPL
(p<0.001), with an increased frequency of median income <200% FPL in the highest
quartile of driving time (See online supplement, Table E2). Despite these findings among
patients with Medicaid insurance, there is no evidence for a difference in the proportion of
patients with <4 outpatient visits per year based on Medicaid insurance status (Table 2).
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In unadjusted analyses, predictors for non-referral included: Medicaid insurance, older age,
male gender, positive Burkholderia cepacia complex sputum culture, <4 outpatient visits per
year, no high school education, lower median household income, and farthest quartile (>150
minutes) of driving time to a lung transplant center (Table 3). Patients with increased
frequency of exacerbations or use of supplemental oxygen were less likely to have non-
referral.

A statistically significant association was present between patient insurance status (any
Medicaid vs. no Medicaid) and non-referral for transplant evaluation after adjustment for
demographics, disease severity, potential contraindications to referral, and driving time to
the nearest lung transplant center (OR 1.79, 95% CI 1.29-2.47) (Table 4; see online
supplement Table E3 for complete results of the model fitting procedures). Medicaid
insurance, lack of high school graduation, older age (per 5 year increase) and Burkholderia
cepacia complex sputum culture positivity were associated with non-referral for lung
transplant evaluation. Increased number of pulmonary exacerbations and supplemental
oxygen use were associated with decreased odds of non-referral (these patients were more
likely to be referred). A sensitivity analysis that included smoking status and NPPV did not
change the significant predictors of non-referral (See online supplement, Table E4).

Discussion

The timing of referral of CF patients for lung transplant evaluation is part of the “art” of
caring for patients with CF. The ISHLT guidelines are intended to help physicians decide
when to refer patients for transplant evaluation. Our study of the predictors of non-referral
for lung transplant evaluation for CF patients with advanced lung disease revealed that
despite meeting lung function criteria for lung transplant evaluation, 35% of CF patients had
not yet been referred to a transplant center. It is not surprising that the sicker patients
(increased number of acute exacerbations, increased supplemental oxygen use) are being
referred for lung transplant evaluation. Our findings imply one of three things: physicians
are not following ISHLT guidelines that identify appropriate patients for referral, patients are
not interested in referral despite their advanced disease, or the ISHLT guidelines are not
identifying appropriate patients for referral (and the physicians are correct to wait to refer
these patients).

Clinically significant predictors of non-referral in the multivariate model included: Medicaid
insurance, older age, lack of high school graduate education, and Burkholderia cepacia
complex sputum culture positivity. Given that older age continues to be a significant
predictor of non-referral among patients with low lung function, it is possible that there is a
sub-population with the phenotype of stable severe lung disease, and these patients could
benefit from deferring referral for transplant evaluation. Burkholderia cenocepacia
(genomovar I11) sputum culture positivity is a known marker of worse prognosis regardless
of transplant status and is a contraindication to LTx at most centers.(13-15) Other
genomovars of Burkholderia cepacia complex have not been found to be associated with
increased mortality and should not preclude referral for transplant evaluation.(16) The
finding of a strong association between a positive Burkholderia cepacia complex culture and
non-referral in our study highlights the possibility that some patients may be inappropriately
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denied referral, but this analysis does not provide further insight into this problem because
genomovar subtypes were not available in the CFFPR until 2010.

An evaluation of the eligible cohort stratified by insurance status confirms findings from
other studies of patients with Medicaid insurance suggesting Medicaid insurance status is
associated with more severe disease (Table 2).(11, 12) The patients with markers of the
lowest SES (median income <200% FPL, lack of high school education, Medicaid
insurance, farthest driving time from transplant center) are less likely to be referred for lung
transplant evaluation despite meeting current referral guidelines. Medicaid patients had more
severe disease, but were also more likely to have depression and lack a marital partner,
which may be markers of factors considered to be contraindications to LTx by the referring
provider. Interestingly, Medicaid patients were not more likely to have <4 outpatient visits
per year, highlighting that a lack of access to a doctor is not the primary reason for increased
severity of disease and decreased rates of referral.

In summary, multivariate adjustment confirms the significant relationship between markers
of low SES and non-referral for transplant evaluation. The odds of non-referral for the main
covariate of interest (Medicaid insurance status) remained clinically and statistically
significant after adjustment in the multivariate analysis. These findings highlight potential
disparities in access to care at the time of referral for lung transplant evaluation, in addition
to previous findings of disparities at the time of listing for transplant, among CF patients of
lower SES.(11)

There are several limitations with the present investigation. First, our primary exposures of
interest were proxy variables for SES, which may not fully capture the true individual SES.
In addition, several other proxy variables were used in the analysis to evaluate social support
(marriage status) and adherence (frequency of annual outpatient visits). Lack of social
support as noted by having no marital partner may be a poor surrogate for social support in
this population. The average age of patients with no marital partner in our eligible cohort
was 27.6 years, while patients with a marital partner had an average age of 35.4 years (p
<0.001). Having more severe illness may limit the ability to find a marital partner and
lacking social support, if appropriately measured, may more strongly be associated with
non-referral. Second, there was significant missing data for smoking status and NPPV; given
the substantial missing data, multivariable imputation is inappropriate. In lung transplant
medicine, smoking and NPPV use are important variables and it is a limitation that they have
been excluded from the analyses. Third, the time period examined spans a time when a
major change to the allocation of lungs occurred (LAS implemented in 2005). Our analysis
did not reveal a difference in patterns of non-referral pre/post-2005 or a linear trend over
time (2001-2008). Finally, despite our efforts to adjust for meaningful confounders, residual
confounding could exist.

Conclusions

In conclusion, a significant number of CF patients with advanced lung disease were not
referred for lung transplant evaluation despite meeting current referral guidelines. Predictors
of non-referral included Medicaid insurance status, lack of high school graduate education,
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older age, and Burkholderia cepacia complex sputum culture positivity. Patients with
supplemental oxygen requirement or more frequent pulmonary exacerbations were more
likely to be referred for transplant evaluation. Further work is needed to describe the
outcomes for non-referred patients in order to refine referral guidelines in this patient
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
35% of patients with advanced lung disease were not referred for lung transplant

Low socioeconomic status, older age, B. cepaciacomplex associated with non-
referral

Disparities in access to referral for transplant may exist for CF patients in the US
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To T4 1 Year T, 2 Years

Referred

1% stable
FEV/1<30%

Non-referred

Not yet referred 2" FEV,<30%

Figure 1. Patient inclusion occurs after two consecutive years of FEV1 <30% and referral status
is identified from annual data entries

Tg = time of first stable FEV1 measurement <30% predicted

™ = first annual data entry after Tq (actual time between Tg and T, will vary from patient to
patient but will be less than one year)

7. = second annual entry after T (actual time between T and T, will vary from patient to
patient, but will be more than 1 year for everyone and up to 2 years for some patients); this
is the time of eligibility; FEV4 remains <30%
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Figure 2.
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Study cohort selection of adult patients with cystic fibrosis eligible for first lung transplant
evaluation based on lung function criteria, 2001-2008
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Ramos et al.

Univariate analysis of predictors for non-referral for transplant evaluation

Table 3

Predictors OR (95% CI) P Value
Age (per 5 year increase) 1.11 (1.04, 1.18) 0.001
Male gender 1.33(1.05, 1.69) 0.020
Acute exacerbations per year 0.90 (0.85,0.95) | <0.001
Positive sputum culture:

Burkholderia cepacia complex 1.89 (1.24, 2.88) 0.003
Supplemental oxygen 0.60 (0.47,0.76) | <0.001
<4 outpatient visits per year 1.96 (1.49,2.57) | <0.001
Not a high school graduate 2.21(1.47,3.33) | <0.001
Insurance status — Medicaid vs. no Medicaid | 1.46 (1.15, 1.85) 0.002
Median income relative to FPL

>300% FPL REF

250-300% FPL 1.11 (0.77, 1.59) 0.590

200-250% FPL 1.17 (0.84, 1.64) 0.346

<200% FPL 1.57 (1.13, 2.18) 0.008
Driving time to lung transplant center

<30 min (1%t quartile) REF

30-75 min (2" quartile) 1.07 (0.75, 1.51) 0.718

75-150 min (3" quartile) 1.10(0.78,1.55) | 0577

>150 min (4™ quartile) 1.44(1.03,2.02) | 0.033

OR = odds ratio; Cl = confidence interval; FPL = federal poverty level; min = minutes

Page 17

The following covariates had non-significant associations with referral status: Race (OR 1.00, p=0.994), FEV1 (OR 1.01, p=0.515), BMI (OR 0.98,
p=0.389), CF-related diabetes on insulin (OR 0.87, p=0.299), NTM culture positive (OR 0.40, p=0.102), CF-related liver cirrhosis (OR 0.85,
p=0.603), Renal failure requiring dialysis (OR 0.21, p=0.136), Osteoporosis (OR = 0.68, p=0.054), Cancer, tissue proven (OR 0.47, p=0.498),

Depression (OR 1.23, p=0.127), No marital partner (OR 1.15, p=0.272), pre-LAS (OR 0.85, p=0.166)
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Table 4

Multivariate analysis - Insurance status as a predictor of non-referral for lung transplant evaluation, adjusted
for all covariates listed in the table

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

1duosnuep Joyiny

Models
Primary SES Indicator OR (95% CI) P Value
Medicaid 1.79 (1.29, 2.47) | <0.001
No Medicaid REF
Demographics
Age (per 5 year increase) 1.25(1.13, 1.39) <0.001
Male gender 1.19 (0.86, 1.65) 0.291
Race, white vs. non-white 0.85 (0.44, 1.66) 0.640
Not a high school graduate 2.27 (1.42,3.64) 0.001
Disease Severity
FEV; % predicted 1.01 (0.97, 1.06) 0.652
# Acute Exacerbations 0.93 (0.87, 0.99) 0.031
Supplemental oxygen 0.59 (0.43, 0.81) 0.001
BMI 0.95 (0.90, 1.00) 0.067
CF-related diabetes on insulin 0.87 (0.62, 1.20) 0.390
Potential Contraindications
Positive sputum culture:
Burkholderia cepacia complex 2.48 (1.50, 4.12) <0.001
Nontuberculous mycobacterium 0.69 (0.18, 2.64) 0.590
CF-related liver cirrhosis 0.80 (0.39, 1.64) 0.538
Renal failure requiring dialysis 0.24 (0.04, 1.38) 0.111
Osteoporosis 0.78 (0.51, 1.20) 0.257
Cancer, tissue proven 1.02 (0.08, 13.82) 0.987
Depression 1.41 (0.98, 2.03) 0.065
No marital partner 1.36 (1.00, 1.87) 0.053
<4 outpatient visits per year 1.33(0.90, 1.95) 0.152
Driving time to Lung Transplant Center
<30 min (1%t quartile) REF
30-75 min (2" quartile) 0.96 (0.60, 1.54) 0.878
75-150 min (3™ quartile) 0.99 (0.65, 1.50) 0.947
>150 min (4" quartile) 1.23 (0.81, 1.86) 0.343
Period of Lung Transplant
Pre-LAS (<2005) 0.87 (0.65,1.16) | 0.332

All models adjusted for cluster effects at the level of the CF care center

OR = odds ratio, SES = socioeconomic status, FEV1 = forced expiratory volume in 1 second, BMI = body mass index, CF = cystic fibrosis, min =
minutes, LAS = lung allocation score
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