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Abstract

Rationale: Many lung transplant centers prescribe antifungal
medications after transplantation to prevent invasive fungal
infections (IFIs); however, the effectiveness of antifungal
prophylaxis at reducing the risk of all-cause mortality or IFI has not
been established.

Objectives: We aimed to evaluate the effect of antifungal
prophylaxis on all-cause mortality and IFI in lung transplant
patients.

Methods: Using administrative claims data, we identified adult
patients who underwent lung transplantation between January 1,
2005, and December 31, 2018. Propensity score analysis using
inverse probability treatment–weighting approach was used to
balance the differences in baseline characteristics between those
receiving antifungal prophylaxis and those not receiving antifungal
prophylaxis. Cox proportional hazards regression was used to
compare rates of all-cause mortality and IFI in both groups.

Results: We identified 662 lung transplant recipients (LTRs) (387
received prophylaxis and 275 did not). All-cause mortality was
significantly lower in those receiving antifungal prophylaxis
compared with those not receiving antifungal prophylaxis (event
rate per 100 person-years, 8.36 vs. 19.49; hazard ratio, 0.43; 95%
confidence interval, 0.26–0.71; P= 0.003). Patients receiving
antifungal prophylaxis had a lower rate of IFI compared with
those not receiving prophylaxis (event rate per 100 person-
years, 14.94 vs. 22.37; hazard ratio, 0.68; 95% confidence
interval, 0.44–1.05; P= 0.079), but did not reach statistical
significance.

Conclusions: In this real-world analysis, antifungal prophylaxis in
LTRs was associated with reduced all-cause mortality compared
with those not receiving antifungal prophylaxis. Rates of IFI were
also lower in those receiving prophylaxis, but this was not
statistically significant in our primary analysis.
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Lung transplant recipients (LTRs) are
particularly susceptible to invasive fungal
infections (IFIs) secondary to reduced
mucociliary clearance and altered alveolar
macrophage phagocytic function (1).
Despite appropriate treatment, IFIs in LTRs

are associated with a nearly threefold
increase in all-cause mortality (2–4).
Therefore, prevention of IFIs using
antifungal prophylaxis is an increasingly
common practice. The proposed benefit of
antifungal prophylaxis in LTRs is largely

extrapolated from studies involving patients
with hematologic malignancies (5–7). No
prospective studies have been conducted to
establish a benefit of antifungal prophylaxis
in LTRs. Although many transplant centers
have reported their experiences with various
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prophylactic strategies in the form of
observational cohort studies (8–16), a recent
comprehensive systematic review and meta-
analysis of these studies cited insufficient
evidence to establish a benefit or to endorse
a specific prophylactic strategy, antifungal
medication, or duration of prophylaxis (17).
Protracted use of antifungal medications
introduces the possibility of severe adverse
consequences, including cardiomyopathy,
prolonged QTc, skin cancer, periostitis, and
liver dysfunction, among others (18, 19).
Moreover, triazole antifungal medications
are expensive and interact with
immunosuppressive agents that have a
narrow therapeutic index, necessitating
close, serial monitoring.

Despite ongoing clinical equipoise in
this population, surveys of lung transplant
practices demonstrate an increasing
endorsement of universal antifungal
prophylaxis (20, 21). In a survey published
by Neoh and colleagues in 2011, 58.6% of
transplant centers surveyed (worldwide)
endorsed universal prophylaxis (21). In our
study published in 2019, 90% of United
States’ transplant centers routinely
prescribed antifungal medications after lung
transplant to prevent IFI (20). However,
real-world confirmation of universal
antifungal prophylaxis uptake is lacking. In
addition, prophylactic strategies vary
considerably regarding specific antifungal
medication and duration of prophylaxis
(20).

Given the practice variation, potential
for toxicity, excessive costs, and drug
interactions, it is imperative to establish
whether or not antifungal prophylaxis is
beneficial in LTRs. These studies have been
historically limited by feasibility issues.
One tool that has been used to assess
pharmacologic effectiveness questions in
other clinical domains is large claims
databases, such as OptumLabs Data
Warehouse (OLDW) (22). To date, real-
world U.S. claims data have not been
routinely used to answer clinically
important questions in lung transplant.
However, the ability to identify a large
cohort of LTRs, control for potential
confounders, identify medication fills, and
follow the cohort longitudinally makes this
approach particularly attractive to attempt
to address the question of utility of
antifungal prophylaxis. In this study, we aim
to assess the risk of all-cause mortality and
IFI in LTRs receiving antifungal prophylaxis
compared with those not receiving

antifungal prophylaxis using individuals
enrolled in commercial and Medicare
Advantage health plans in the United States.

Methods

Data Source
We performed a retrospective cohort
study using deidentified administrative
claims data with demographic and death
information from OLDW, which contains
medical and pharmacy claims and
enrollment records for commercial and
Medicare Advantage enrollees. The database
contains longitudinal health information on
enrollees and patients, representing a
diverse mixture of ages, ethnicities, and
geographical regions across the United
States (23). The advantage of the OLDW is
that it provides data on prescriptions that
were actually filled and outcomes for LTR in
geographically and demographically diverse
populations. In accordance with the Health
Insurance Portability and Accountability
Act, the use of preexisting, deidentified
claims data is exempted from institutional
review board review.

Study Population

Inclusion criteria. The cohort included
adult patients (>18 yr) in OLDW who
underwent single or double lung transplant
or concurrent heart–lung transplant
between January 1, 2005, and December 31,
2018, as defined by the presence of a lung
transplant procedure code. Eligible
procedure codes using the International
Classification of Diseases, Ninth Revision
(ICD-9); International Classification of
Diseases, Tenth Revision (ICD-10); and
current procedural terminology (CPT)
included ICD-9 33.5, 33.6; ICD-10 0BYxxxx;
and CPT 32851, 32852, 32853, 32854,
and S2060. Patients were required to
have at least 90 days of continuous health
plan coverage before lung transplant
surgery to capture each patient’s medical
history.

Exclusion criteria. Retransplantations
were excluded by removing patients who
had multiple hospital encounters with
transplant procedure codes. Patients with
same-day hospital admission and discharge
dates were considered to be aborted
transplant procedures (so called “dry runs”)
and were therefore not included. Patients
with pre–lung transplant claims that

included a code for IFI (in any diagnosis
position, as defined below), indicating a
patient eligible for antifungal treatment in
lieu of prophylaxis, were excluded. Patients
with antifungal medication fills 90 days
before transplant surgery were excluded.

Independent Variables
Variables to describe medical history were
defined by the presence of a claim with
eligible diagnosis codes, procedure codes, or
prescription fills. The absence of these
claims was interpreted as the absence of the
condition or prescription.

Independent variables of interest
included sex, age, race and ethnicity, census
region, single versus double lung transplant,
indication for transplant, and comorbidities.
ICD-9 and ICD-10 codes defined the
specific chronic respiratory diseases to
identify the indication for transplant and
could be found in any diagnosis position on
a claim during the lung transplant stay. The
indication categories were defined using a
combination of clinical groupings from
the Agency for Healthcare Research and
Quality Clinical Classification Software
(CCS) tool (https://www.hcup-us.ahrq.gov/
toolssoftware/ccs/ccs.jsp) and individual
ICD-9/ICD-10 codes. In the event that a
patient had codes for more than one
indication category, a hierarchy was applied,
whereby the most probable diagnosis
was considered the primary reason for
transplant. The hierarchy was as follows,
from most probable to least probable: 1)
cystic fibrosis (CCS 56), 2) idiopathic
pulmonary fibrosis (IPF) (ICD-9 516.31;
ICD-10 J84.112), 3) non-IPF interstitial lung
disease (ILD) (CCS 132, 211, and 234; ICD-
9 516.3 and 515), 4) chronic obstructive
pulmonary disease and bronchiectasis (CCS
127), 5) pulmonary hypertension,
respiratory distress syndrome, and other
(CCS 2,602; ICD-9 416.0; ICD-10 I27.0
and I27.21). Comorbidities were captured
by ICD-9 and ICD-10 codes on claims in
any position in the 90 days before the
admission date for the transplant procedure.
Elixhauser sum of conditions was used
to assess comorbidity burden (24).

Exposure
Antifungal prescription fills within 7 days of
post-transplant hospital discharge were
identified as prophylactic treatment to
accurately capture prophylaxis, minimize
prescription fills to treat fungal infections,
and preserve sample size. Antifungal

ORIGINAL RESEARCH

Pennington, Dykhoff, Yao, et al.: Antifungal Prophylaxis in Lung Transplant 469

https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp


medications included fluconazole,
itraconazole, posaconazole, voriconazole,
isavuconazonium, amphotericin B
deoxycholate, and liposomal amphotericin.
In the absence of any IFI diagnosis codes,
prescription fills for amphotericin B
deoxycholate and liposomal amphotericin
were assumed to be nebulized. The end of
supply for the last consecutive antifungal
prescription filled was considered the end of
prophylaxis, defining consecutive fills as
those occurring within 30 days of each
prescription fill’s supply days. Patients were
categorized by the dominant antifungal
prescribed. The dominant antifungal
was defined as the antifungal prescription
that the patient received for the longest
duration.

Outcomes
The primary outcome was 1-year all-cause
mortality with secondary outcomes of
IFI and antifungal prophylaxis uptake.
Mortality was identified based on the
Social Security Death Master File and
supplemented by hospital discharge status

to augment capture rates of inpatient deaths
(22, 25). IFI was defined as any diagnosis of
posthospital lung transplant IFI during a
clinic encounter, emergency department
visit, or inpatient stay. Relevant posthospital
lung transplant IFI included aspergillosis
(ICD-9 117.3 and 484.6; ICD-10 B44.0,
B44.1, B44.7, and B44.9), cryptococcosis
(ICD-9 117.5; ICD-10 B45.0, B45.7, and
B45.9), zygomycosis (ICD-9 117.7; ICD-10
B46.0, B46.4, B46.5, B46.8, and B46.9),
coccidioidomycosis (ICD-9 114.0, 114.1,
114.2, and 114.3; ICD-10 B38.0, B38.3,
B38.4, and B38.7), and histoplasmosis (ICD-
9 115.xx; ICD-10 B39.0, B39.2, B39.3, B39.4,
B39.5, and B39.9). Follow-up started from
the day after lung transplantation and
continued until the end of the study period
(March 31, 2019), the end of enrollment in
health insurance plans, or death (whichever
occurred first).

Statistical Analysis
To protect patient confidentiality and in
accordance with OptumLabs restrictions,
any event occurring in 11 or fewer

participants was masked. Primary analysis
was conducted using propensity score
weighting (an overlap weight). Specifically,
we used weight of 1/propensity score for
patients receiving prophylaxis and 1/(1 2
propensity score) for patients not receiving
prophylaxis (26). A propensity score was
estimated using logistic regression based on
sex, age, race/ethnicity, census region, year
of admission for transplant encounter,
single versus double lung transplant,
Elixhauser comorbidity index score, and
indication for transplant. Combined heart–
lung transplant was considered equivalent to
double lung transplant for propensity
scoring.

Event rates are reported as events per
100 person-years. Cox proportional hazards
regression was then used to compare
patients receiving and not receiving
antifungal prophylaxis for IFI and mortality
in the propensity-matched cohort with
robust sandwich estimates to account for
clustering within matched sets (27). Using
the same weighted cohort and statistical
methods, we performed a subgroup analysis

Table 1. Baseline characteristics of the preweighted and prematched cohort

No Prophylaxis (N=275) Prophylaxis (N=387) Standardized Difference

Age, yr 55.3 (13.4) 55.0 (12.7) 0.026
Sex
F 115 (41.8) 162 (41.9) 0.001
M 160 (58.2) 225 (58.1) 0.001

Region
Midwest 77 (28.0) 85 (22.0) 0.140
Northeast 41 (14.9) 31 (8.0) 0.218
South 140 (50.9) 208 (53.7) 0.057
West 17 (6.2) 63 (16.3) 0.324

Race/ethnicity
Black 15 (5.5) 21 (5.4) 0.001
Hispanic 25 (9.1) 23 (5.9) 0.120
Other/unknown 52 (18.9) 68 (17.6) 0.035
White 183 (66.5) 275 (71.1) 0.098

Elixhauser score 3.6 (2.3) 3.6 (2.4) 0.014
Indication for transplant
COPD and bronchiectasis 50 (18.2) 82 (21.2) 0.076
Cystic fibrosis 45 (16.4) 51 (13.2) 0.090
IPF 64 (23.3) 95 (24.5) 0.030
Non-IPF interstitial lung disease 101 (36.7) 142 (36.7) 0.001
Other 15 (5.5) 17 (4.4) 0.049

Single vs. double transplant
Single transplant 84 (30.5) 118 (30.5) 0.001
Double transplant 191 (69.5) 269 (69.5) 0.001

Year of admission for transplant
2005–2007 53 (19.3) 54 (14.0) 0.143
2008–2010 55 (20.0) 55 (14.2) 0.154
2011–2014 78 (28.4) 101 (26.1) 0.051
2015–2018 89 (32.4) 177 (45.7) 0.277

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; IPF= idiopathic pulmonary fibrosis.
Age and Elixhauser score are presented as means with standard deviation parenthetically. The remainder of data are presented as absolute n (%).
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of patients receiving mold-active triazole
(i.e., itraconazole, voriconazole,
posaconazole, or isavuconazole) for
prophylaxis versus no prophylaxis. P, 0.05
was considered statistically significant. All
analyses were conducted using SAS
Enterprise Guide 7.1 (SAS Institute Inc.)
and Stata version 15.1 (StataCorp).

Sensitivity Analysis
Analysis was repeated with propensity score
matching using 1:1 nearest neighbor caliper
matching to match patients on the basis of
the logit of the propensity score using a
caliper equal to 0.2 of the standard deviation
of the logit propensity (28). The balance of
covariates after matching was assessed using
standardized difference, and a standardized
difference of ,20% was acceptable (29).

We performed the analysis by testing
two falsification endpoints (myocardial
infarction and fracture) to test for residual
confounding (30). These endpoints were
chosen because they are unlikely to be
related to antifungal prophylaxis exposure.

Results

Baseline Characteristics
A total of 662 LTRs met the inclusion
criteria. Table 1 summarizes cohort
characteristics. Of these, 387 (58.5%)
received antifungal prophylaxis, and 275
(41.5%) did not. The mean follow-up
was 283.6 (standard deviation 111.4)
days after lung transplantation. The
indication for transplant was similar for
those receiving antifungal prophylaxis
and those who did not. Over half of the
cohort had ILD; approximately one-third
had non-IPF ILD and one-quarter had IPF.
Most patients received bilateral lung
transplants.

Antifungal Medications
The most common medications used for
prophylaxis were voriconazole (35.47%) and
itraconazole (32.8%) (Table 2). Nebulized
amphotericin, fluconazole, and either
isavuconazole or posaconazole were
used in approximately 10% of patients

each. The ratio of LTRs receiving antifungal
prophylaxis compared with those receiving
no prophylaxis increased over time (1.02
in 2005–2007 compared with 1.99 in
2015–2018) (Figure 1). The median
duration of antifungal prophylaxis
was 133.0 (interquartile range, 63.0–246.0)
days.

All-Cause Mortality
There were 65 deaths in our cohort. All-
cause 1-year mortality was significantly
lower in those receiving antifungal
prophylaxis compared with those not
receiving prophylaxis (event rate per 100
person-years 8.36 vs. 19.49; hazard ratio
[HR], 0.48; 95% confidence interval [CI],
0.26–0.71; P= 0.001) (Figure 2). All-cause
mortality was also significantly lower in
those specifically receiving mold-active
triazole prophylaxis compared with those
not receiving it (event rate per 100 person-
years 8.10 vs. 19.49; HR, 0.42; 95% CI, 0.25–
0.72; P= 0.002) (Figure 3).

IFIs
Patients receiving antifungal prophylaxis
had a lower rate of IFI compared with those
not receiving prophylaxis (event rate per 100
person-years 14.94 vs. 22.37; HR, 0.68; 95%
CI, 0.45–1.05; P= 0.079), but this only
reached statistical significance (Figure 4).
Aspergillus species infections accounted for
92.0% and 82.0% of the infections in the
nonprophylaxis and prophylaxis groups,
respectively. Those specifically receiving
mold-active triazole prophylaxis also had
a lower incidence of IFI compared with
those not receiving mold-active triazole
prophylaxis (event rate per 100 person-years
14.95 vs. 22.37; HR, 0.68; 95% CI, 0.43–1.08;
P= 0.103), but this did not reach statistical
significance (Figure 5). When evaluating
mold infections as the outcome, those on
mold-active prophylaxis had a lower
incidence of IFI compared with those not
receiving mold-active triazole prophylaxis
(event rate per 100 person-years 20.53 vs.
13.05; HR, 0.65; 95% CI, 0.40–1.05;
P= 0.080), but this also did not reach
statistical significance (Figure E1 in the
online supplement).

Sensitivity Analysis
The propensity-matched cohort included 232
matched pairs of LTRs receiving antifungal
prophylaxis or not receiving antifungal
prophylaxis. Baseline characteristics were
balanced between the two groups, with

Table 2. Antifungal medications used for prophylaxis in the unmatched and matched
cohorts presented as the absolute number with percentage of cohort indicated
parenthetically

Unmatched Cohort
(n=387)

Matched Cohort
(n= 232)

Amphotericin 38 (9.8) 29 (12.5)
Fluconazole 43 (11.1) 22 (9.5)
Isavuconazole and posaconazole 41 (10.6) 16 (6.9)
Itraconazole 127 (32.8) 77 (33.2)
Voriconazole 138 (35.7) 88 (37.9)

Amphotericin represents nebulized amphotericin B deoxycholate and liposomal amphotericin.
Isavuconazole and posaconazole are presented together to mask cohort sizes ,11.
Data are presented as n (%).

1.02 1.00
1.29

1.99

0.00

0.50

1.00

1.50

2.00

2.50

2005–2007 2008–2010 2011–2014 2015–2018

Ratio of LTR Receiving Prophylaxis to Those Not

Figure 1. Ratio of lung transplant recipients receiving antifungal prophylaxis to those not receiving
prophylaxis over time. LTR= lung transplant recipient.
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standardized differences of ,20% (Table
E1). The results of the analysis were
consistent using propensity score 1:1
matching for both outcomes of overall
mortality (event rate per 100 person-years
prophylaxis cohort 9.65 vs. nonprophylaxis
cohort 18.14; HR, 0.54; 95% CI, 0.30–0.95;
P= 0.034) and IFI (event rate per 100
person-years prophylaxis cohort 13.16
vs. nonprophylaxis cohort 23.81; HR,
0.56; 95% CI, 0.33–0.94; P= 0.028)
(Table E2).

Falsification Endpoint Analysis
There was no evidence of residual
confounding by our falsification endpoint
analysis. There was no significant
relationship between antifungal prophylaxis
and myocardial infarction (event rate per
100 person-years prophylaxis cohort 0.58 vs.
nonprophylaxis cohort 1.31; HR, 0.43; 95%
CI, 0.12–1.56; P= 0.201) or fracture (event
rate per 100 person-years prophylaxis
cohort 3.20 vs. nonprophylaxis cohort 3.98;
HR, 0.77; 95% CI, 0.41–1.47; P= 0.432)
(Table E3).

Discussion

This is the first study using administrative
claims data to evaluate outcomes in
lung transplant and is the largest study,
to date, evaluating the effectiveness
of antifungal prophylaxis in LTRs.
We found a significant reduction in all-
cause mortality in LTRs receiving any
antifungal prophylaxis compared with no
prophylaxis. LTR snot receiving antifungal
prophylaxis had a mortality event rate
more than twice that of the group receiving
antifungal prophylaxis (19.5 vs. 8.4).
Prior systematic reviews and meta-analyses
of single-center cohort studies have
reported the current literature insufficient
to demonstrate antifungal prophylaxis
benefit in LTRs (17, 31). Our findings
are consistent with several prior studies
in hematologic malignancies and bone
marrow transplant (BMT) populations that
suggest a reduction in mortality with
antifungal prophylaxis (5–7).

Prior survey studies have demonstrated
widespread use of antifungal prophylaxis in

the United States. Although a recent U.S.
practice survey suggested 90% of transplant
centers use universal antifungal prophylaxis
in their practices (20), the uptake in the
current study was lower at z58% and
more consistent with the survey conducted
by Neoh and colleagues a decade ago
(21). This could be because we saw an
increase in the proportion of patients
receiving antifungal prophylaxis over
time, nearly doubling during the course
of the study. It is interesting, however,
that the uptake of z66% in the most recent
years of the study is still far below the
reported rates from the surveyed transplant
centers. The reason for this discrepancy
could be response bias on the survey
(i.e., providers giving the perceived desirable
response regardless of practice habits).
However, further examination of patient
factors (e.g., nonadherence) and provider
factors (e.g., knowledge gaps) possibly
contributing to this discrepancy should be
explored.

The tendency toward more universal
prophylaxis and broader-spectrum agents

Number at risk

No Prophylaxis 275 238 201 161 139

Prophylaxis 387 364 313 265 228
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Figure 2. Cumulative risk for mortality in lung transplant recipients receiving antifungal prophylaxis compared with those receiving no antifungal prophylaxis.
CI = confidence interval.
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has also been described on survey studies
(20, 21). This may be secondary to the
increased availability of oral antifungal
medications. The types of medications used
for antifungal prophylaxis in our cohort
were similar to those reported by transplant
centers, with the most commonmedications
being itraconazole and voriconazole and a
minority of patients receiving fluconazole,
posaconazole, or isavuconazole (20).
Whereas itraconazole and voriconazole
were available for the duration of the
study, agents such as isavuconazole
and posaconazole are relatively newer.
The U.S. Food and Drug Administration
approved posaconazole in 2006, but the
delayed-release tablets became available
in 2013. Isavuconazole was not approved
until 2015. Recent data from our practice
demonstrated that voriconazole was more
likely to be discontinued because of
side effects, whereas itraconazole was
more likely to be discontinued because
of breakthrough infections or lack of
absorption (19). It will be interesting to
follow the uptake trends of these newer
agents in future studies.

Because invasive Aspergillus species
infections are the most common IFI in LTRs
(3, 8, 12), as demonstrated in our cohort,
and because there has been concern with
systemic anti-Aspergillus prophylaxis
selecting for resistant organisms (32), we
completed a subgroup analysis to evaluate
the effect of anti-Aspergillus prophylaxis on
mortality. All-cause mortality remained
significantly lower in LTRs receiving
systemic anti-Aspergillus medications
(i.e., itraconazole, voriconazole,
posaconazole, and isavuconazole). Our
study cannot definitively endorse one
antifungal prophylaxis agent or regimen
over another regimen; however, given that
use of a mold-active triazole was associated
with a 50% reduction in mortality, this is the
strongest evidence to date for practice
standardization to include at least a mold-
active triazole after transplant. The duration
of antifungal prophylaxis cannot be
delineated from our study; however, the
median duration in this study was a little less
than 5 months.

In contrast to hematologic malignancy
and BMT populations, LTRs have both

immunologic and anatomic reasons for
increased susceptibility to IFIs. Moreover,
although the increased susceptibility to IFIs
is temporary in hematologic malignancies
and BMT, LTRs remain at increased risk for
IFIs (4, 8). In our study, IFI was lower
in LTR receiving prophylaxis, but this did
not reach statistical significance (likely
secondary to insufficient statistical power)
in our primary analysis. However, this
reduction in IFI was statistically significant
in the propensity score–matched analysis. It
is unknown whether some IFI events were
missed in our study because of physicians
using less-specific diagnostic coding during
the IFI or because of cases discovered
postmortem. However, it is reassuring that
the cumulative incidence of IFI in LTRs in
our cohort was consistent with that reported
in previous cohorts (2, 8, 12). Moreover,
Aspergillus species infection was the most
common IFI in our cohort. This is consistent
with the experiences described in the
literature (3, 8, 12). Interestingly, the most
common IFI did not vary between those
receiving antifungal prophylaxis and those
who did not.
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Figure 3. Cumulative risk for mortality in lung transplant recipients receiving antifungal prophylaxis with mold-active triazole compared with those receiving
no antifungal prophylaxis. CI = confidence interval.
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Limitations

The primary limitation of any observational
study is the possibility for uncontrolled
confounding. Because of the lack of relevant
data in the deidentified cohort, we could not
account for additional risk factors such as
intensification of immunosuppressive
regimens, pretransplant colonization, or
high-risk occupations. We did control for
known confounding variables such as sex,
age, race/ethnicity, region of the country,
year of transplant, primary diagnosis,
type of transplant (single vs. double or
heart/lung), and comorbidities. We also
tested for the presence of uncontrolled
confounding using falsification endpoint
analysis. Therefore, we are reasonably
confident we have adequately controlled
for confounding variables, but we are
unable to report on the effects of
induction immunosuppression and
immunosuppression intensification.

An advantage of the OLDW is the
enhanced racial, ethnic, and geographic
diversity of the included cohort compared

with single-center or even limited
multicenter observational studies.
Compared with commonly used
datasets such as the Scientific Registry
of Transplant Recipients, the lung
transplant cohort is smaller, but it adds
granularity to data not available in the
Scientific Registry of Transplant Recipients,
such as medication-prescribing and filling
practices necessary to conduct comparative
effectiveness studies. The disadvantage to
the dataset, however, is that it is confined
to patients enrolled in commercial and
Medicare Advantage health plans with
pharmaceutical benefits, which may
limit the generalizability of this study.
Uninsured patients or patients enrolled in
other government health plans were not
captured in our cohort.

Finally, the realities of the deidentified
dataset can lead to additional limitations.
For example, we can only identify a cohort
that filled a prescription; we acknowledge
that filling a prescription does not mean that
the prescription was actually used as
prescribed. Another limitation is the

reliance on the Social Security Death Master
File to obtain the primary outcome of
mortality. Since 2011, this database has been
limited—losing capture in up to one-third of
deaths (33). Because most deaths occur in
the hospital setting, we attempted to
minimize this limitation by using discharge
status to supplement the Social Security
Death Master File and insurance
discontinuation because of death (insurance
knowledge of death). We acknowledge that a
small proportion of patients who died
outside the hospital setting could bemissing;
however, we would expect this to be similar
between the groups that we are comparing.
Lastly, billing codes were used to identify
IFIs. Billing codes require correct diagnosis
and coding by the treating provider. Given
the possibility for misdiagnosis or
miscoding, we used an absolute endpoint
(death) as the primary outcome.

Future Directions
We have provided evidence that antifungal
prophylaxis is protective against death in
LTRs in the first year after transplant. We
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Figure 4. Cumulative risk for fungal infection in lung transplant recipients receiving antifungal prophylaxis compared with those receiving no antifungal
prophylaxis. CI = confidence interval.
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cannot definitively recommend a specific
agent; however, when antifungal
prophylaxis was narrowed to mold-active
triazoles, the protective effect was similarly
significant. Further delineation would
require a larger cohort than can be
performed currently. Although antifungal
prophylaxis was associated with an overall
survival benefit, there may be a subset of
LTRs that derive a greater benefit from
antifungal prophylaxis, such as patients with
fungal airway colonization, high-risk

occupations, or certain pretransplant
diagnoses. We were unable to evaluate
these subsets with our cohort. In addition,
the comparative efficacy of the various
antifungal medications for prophylaxis
in LTR should be explored in future
studies.

Conclusions
Itraconazole and voriconazole were the
primary agents used for antifungal
prophylaxis in this LTR cohort spanning

from 2005 to 2018. Use of antifungal
prophylaxis was associated with an z50%
decrease in all-cause mortality compared
with LTRs not receiving antifungal
prophylaxis. This held true even when
evaluating individuals specifically receiving
systemic mold-active antifungal agents
compared with those receiving no
prophylaxis. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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