THERAPEUTIC ADVANCES in
Respiratory Disease

Original Research

Anti-fibrotic therapy and lung transplant
outcomes in patients with idiopathic
pulmonary fibrosis

Todd L. Astor, Hilary J. Goldberg, Laurie D. Snyder, Andrew Courtwright, Ramsey Hachem,
Tahuanty Pena, Lorenzo Zaffiri, Gerard J. Criner, Marie M. Budev, Tany Thaniyavarn,
Thomas B. Leonard, Shaun Bender, Aliaa Barakat, Janis L. Breeze and Peter LaCamera

Abstract

Background: It is unclear whether continuing anti-fibrotic therapy until the time of lung
transplant increases the risk of complications in patients with idiopathic pulmonary
fibrosis.

Objectives: To investigate whether the time between discontinuation of anti-fibrotic

therapy and lung transplant in patients with idiopathic pulmonary fibrosis affects the risk of
complications.

Methods: We assessed intra-operative and post-transplant complications among patients
with idiopathic pulmonary fibrosis who underwent lung transplant and had been treated
with nintedanib or pirfenidone continuously for = 90 days at listing. Patients were
grouped according to whether they had a shorter (< 5 medication half-lives] or longer
(> 5 medication half-lives) time between discontinuation of anti-fibrotic medication

and transplant. Five half-lives corresponded to 2 days for nintedanib and 1 day for
pirfenidone.

Results: Among patients taking nintedanib (n = 107) or pirfenidone (n = 190), 211 (71.0%)
had discontinued anti-fibrotic therapy < 5 medication half-lives before transplant.
Anastomotic and sternal dehiscence occurred only in this group (anastomotic: 11 patients
[5.2%], p = 0.031 vs patients with longer time between discontinuation of anti-fibrotic
medication and transplant; sternal: 12 patients [5.7%], p = 0.024). No differences were
observed in surgical wound dehiscence, length of hospital stay, or survival to discharge
between groups with a shorter versus longer time between discontinuation of anti-fibrotic
therapy and transplant.

Conclusion: Anastomotic and sternal dehiscence only occurred in patients with
idiopathic pulmonary fibrosis who discontinued anti-fibrotic therapy < 5 medication
half-lives before transplant. The frequency of other intra-operative and post-transplant
complications did not appear to differ depending on when anti-fibrotic therapy was
discontinued.
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Anti-fibrotic therapy and lung transplant outcomes in
patients with idiopathic pulmonary fibrosis

To investigate intra-operative and post-
transplant complications in patients
with IPF based on the time between

discontinuation of anti-fibrotic therapy
and lung transplant:
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Conclusions

Anastomotic and sternal
dehiscence were only seen in
patients with IPF whose anti-fibrotic
therapy was discontinued <5
medication half-lives prior to lung
transplant.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progres-
sive interstitial lung disease (ILD) characterized
by decline in lung function and high mortality.!
Nintedanib and pirfenidone are anti-fibrotic med-
ications approved for the treatment for IPF, which
slow the rate of decline in forced vital capacity
(FVC).23 Real-world data suggest that these med-
ications improve life expectancy in patients with
IPF,*8 but the mortality associated with the dis-
ease remains high. Lung transplantation prolongs
survival in select patients with IPF and should be
discussed with appropriate patients.%10

Nintedanib is an intracellular inhibitor of tyrosine
kinases, including the platelet-derived growth fac-
tor (PDGF), fibroblast growth factor (FGF), and
vascular endothelial growth factor (VEGF) recep-
tors, and inhibits the migration and proliferation
of fibroblasts, their differentiation into myofibro-
blasts, and the deposition of extracellular matrix
components.!’-13 The mechanism of action of
pirfenidone has not been established, but it has
been shown to inhibit processes involved in fibro-
sis, including fibroblast activation.!* Based on
these effects, concern has been raised that

anti-fibrotic medications may increase the risk of
complications such as intra-operative bleeding or
delayed wound healing in patients undergoing
lung transplant. However, no guidelines have
been issued regarding when anti-fibrotic therapy
should be discontinued prior to lung transplant.
In this study, we investigated intra-operative and
post-transplant complications in patients with
IPF based on the time between discontinuation of
anti-fibrotic therapy and lung transplant.

Methods

This was a retrospective study (clinicaltrials.gov
NCT04316780) conducted at nine US transplant
centers. The study protocol was approved by an
independent ethics committee or institutional
review board at each participating center. The
study included all patients with IPF listed for lung
transplant between 1 July 2015 and 30 June 2019
who had been treated with nintedanib or pirfeni-
done continuously for = 90 days at the time of
listing for transplant. Patients who underwent
additional interventions (e.g. coronary artery
bypass grafting, valve replacement) at the time of
their lung transplant were excluded.
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Data were collected from medical records to
assess complications during transplant and in the
6 months after transplant in three groups of
patients based on the time between discontinua-
tion of anti-fibrotic medication and transplant:
(1) shortest: patients discontinued anti-fibrotic
medication < 5 medication half-lives before trans-
plant; (2) intermediate; patients discontinued anti-
fibrotic medication between 5 medication half-lives
and 28 days before transplant; and (3) longest:
patients  discontinued anti-fibrotic medica-
tion > 28 days before transplant (Supplementary
Figure S1). For nintedanib, 5 half-lives correspond
to 2 days!> and for pirfenidone, 5 half-lives corre-
spond to 1 day.!¢ For the analyses of intra-opera-
tive and post-transplant complications, the
intermediate and longest groups were combined
such that patients were grouped according to
whether they had a shorter (< 5 medication half-
lives) or longer (> 5 medication half-lives) time
between discontinuation of anti-fibrotic medica-
tion and transplant (Supplementary Figure S1).

In each group, we investigated the percentages of
patients who received intra-operative and post-
operative extracorporeal membrane oxygenation
(ECMO) or cardiopulmonary bypass and packed
red blood cells (PRBCs); the units of PRBCs
received; the percentages of patients with primary
graft dysfunction, anastomotic dehiscence, surgi-
cal wound dehiscence and sternal dehiscence (irre-
spective of whether intervention was needed); the
percentage who returned to the operating room;
the percentage who died in hospital; time between
transplant and extubation and between transplant
and final chest tube removal; length of stay in
intensive care unit (ICU); and length of hospital
stay. We also investigated the percentages of
patients alive 30 days, 90 days, and 6 months after
transplant; with acute cellular rejection during 6
months after transplant; and with bronchiolitis
obliterans syndrome or restrictive allograft syn-
drome during 6 months after transplant. The
investigators were not provided with specific defi-
nitions for all the complications to be reported, but
primary graft dysfunction was defined according to
ISHLT consensus guidelines!” and acute cellular
rejection was graded according to histologic grad-
ing guidelines.!® A web-based Research Electronic
Data Capture (REDCap) database!® was used for
data entry and storage.

Analyses were intended to be descriptive and the
study was not powered for a specific outcome; a

sample size of 320 patients was estimated to be
feasible and to allow for sufficient representation
across the groups. Characteristics and outcomes
of the two groups were compared using chi-
square tests for categorical variables, and t-tests
or Wilcoxon rank sum tests for continuous varia-
bles, depending on skewness. All tests were two-
sided with alpha = 0.05. Data were analyzed at
Tufts Medical Center, Boston, MA, using Stata
v16 (StataCorp LLP, College Station, TX).

Results

Patients

A total of 320 patients with IPF taking nintedanib
or pirfenidone were listed for transplant
(Supplementary Table S1). Nineteen patients
died awaiting transplant (Supplementary Table
S2). At the time of the analysis, 4 patients were
awaiting transplant. Thus, our analyses were
based on 297 patients who underwent transplant,
of whom 107 were taking nintedanib and 190
were taking pirfenidone at the time of listing.
Among these patients, 211 (71.0%) had a shorter
time between discontinuation of anti-fibrotic
medication and transplant (< 5 medication half-
lives) and 86 (29.0%) had a longer time between
discontinuation of anti-fibrotic medication and
transplant (> 5 medication half-lives).

Patient characteristics at the time of transplant in
groups by shorter and longer time between dis-
continuation of anti-fibrotic medication and
transplant are shown in Table 1. The groups did
not differ except that at transplant, the group with
the shorter time between discontinuation of anti-
fibrotic medication and transplant had a lower
lung allocation score (ILAS).20 Patient character-
istics in groups by type of anti-fibrotic medication
and by shortest, intermediate and longest time
between discontinuation of anti-fibrotic medica-
tion and transplant are shown in Supplementary
Table S3. Right heart catheterization results
before transplant in groups by shorter and longer
time between discontinuation of anti-fibrotic
medication and transplant are shown in
Supplementary Table S4.

Surgical outcomes

No differences were noted across the groups by
time between discontinuation of anti-fibrotic
medication and transplant in the percentages of
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Table 1. Patient characteristics at transplant by time between discontinuation of anti-fibrotic medication and

transplant (N = 297).

Characteristic Time between discontinuation of anti-fibrotic p-value
medication and transplant
Shorter (n = 211) Longer (n = 86)
Age (years), mean (SD) 65.9 (6.8) 67.5 (5.4) 0.052
Time on transplant list (days) 37.0 (10.0, 89.0) 23.0(11.0, 61.0) 0.19
Lung allocation score, mean (SD) 44.9 (15.2) 49.0 (14.8) 0.033
Taking prednisone® 71 (33.8) 21 (24.4) 0.1
Prednisone dose 10.0 (10.0, 20.0) 15.0 (7.5, 20.0) 0.83
Bilateral transplant 126 (59.7) 61(70.9) 0.069
ECMO prior to transplant 3(1.4) 1(1.2) 0.86

ECMO, extracorporeal membrane oxygenation; SD, standard deviation.
Data are n (%) or median (@1, Q3) unless otherwise indicated. Shorter: discontinued anti-fibrotic medication < 5
medication half-lives before transplant; longer: discontinued anti-fibrotic medication > 5 medication half-lives before

transplant.
alnformation not available for one patient.

patients who received intra-operative ECMO or
cardiopulmonary bypass or post-operative
ECMO (Table 2). The percentages of patients
who received intra- or post-operative red blood
cell transfusions were higher in the group with the
longer time between discontinuation of anti-
fibrotic medication and transplant (Table 2). No
differences were observed between patients tak-
ing nintedanib and pirfenidone at the time of list-
ing in the percentage who received intra-operative
red blood cell transfusions (50.5% and 47.9%,
respectively; p = 0.67) or post-operative red
blood cell transfusions (36.4% and 35.3%,
respectively; p = 0.84).

The proportion of patients with any grade primary
graft dysfunction at any time-point was lower in the
group with the shorter time between discontinua-
tion of anti-fibrotic medication and transplant
(59.2% vs 73.3%; p = 0.023) (Table 2).
Anastomotic dehiscence was reported only in
patients with the shorter time between discontinu-
ation of anti-fibrotic medication and transplant
(11 patients [5.2%]; p = 0.031 vs patients with
longer time between discontinuation of anti-
fibrotic medication and transplant) (Table 2;
Figure 1). Surgical wound dechiscence was
reported at a similar rate across the two groups
(Table 2; Figure 1). Sternal dehiscence was
reported only in patients with the shorter time

between discontinuation of anti-fibrotic medica-
tion and transplant (12 patients [5.7%]; p = 0.024
vs patients with longer time between discontinua-
tion of anti-fibrotic medication and transplant)
(Table 2; Figure 1). Of the nine participating cent-
ers, five primarily continued anti-fibrotic medica-
tion until the time of transplant. The anastomotic
dehiscence events occurred at three of these five
centers, while the sternal dehiscence events
occurred at two of these five centers.

Other surgical outcomes did not differ between
the groups, including time to extubation, time to
final chest tube removal, and need for post-oper-
ative return to the operating room (Table 2).
There were no significant differences between the
groups in risk of in-hospital death (Table 2).
Among the 283 patients discharged, the median
length of stay in the ICU and the median length
of hospital stay did not differ between the groups
(Table 2). Surgical outcomes in groups by type of
anti-fibrotic medication and by shortest, interme-
diate and longest time between discontinuation of
anti-fibrotic medication and transplant are shown
in Supplementary Table S5.

Post-discharge outcomes
Among 297 patients who underwent transplant,
283 were alive 30 days after transplant, 278 were
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Table 2. Surgical outcomes by time between discontinuation of anti-fibrotic medication and transplant (N = 297).

Outcome Time between discontinuation of p-value
anti-fibrotic medication and transplant

Shorter (n = 211) Longer (n = 86)

Received intra-operative ECMO/CPB 100 (47.4) 45 (52.3) 0.44
Received post-operative ECMO 21 (10.0) 13(15.1) 0.20
Received intra-operative PRBCs 94 (44.5) 51(59.3) 0.021
Units of intra-operative PRBCs? 2.0 (2.0, 4.0) 2.0 (1.0, 4.0) 0.23
Received post-operative PRBCs 59 (28.0) 47 (54.7) <0.001
Units of post-operative PRBCsP 2.0 (1.0, 4.0 2.0 (1.0, 3.0 0.24
Primary graft dysfunction 125 (59.2) 63 (73.3) 0.023
Anastomotic dehiscence 11 (5.2) 0(0.0) 0.031
Surgical wound dehiscence 8(3.8) 4 (4.7) 0.73
Sternal dehiscence 12 (5.7) 0(0.0) 0.024
Transplant to extubation (days) 1.0 (1.0, 2.0) 1.0 (1.0, 3.0) 0.65
Time from transplant to final chest tube removal 11.0 (8.0, 16.0) 12.0 (9.0, 18.0) 0.066
Returned to operating room 55 (26.1) 25(29.1) 0.60
Length of stay in ICU (days)e 5.0 (3.0, 10.0) 5.0 (3.0, 11.0) 0.69
Length of hospital stay (days)¢ 16.0 (11.5, 31.0) 18.0 (13.0, 32.0) 0.12
Died in hospital 11 (5.2) 3(3.5) 0.52

CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; PRBCs, packed red
blood cells.

Data are n (%) or median (Q1, Q3). Shorter: discontinued anti-fibrotic medication < 5 medication half-lives before
transplant; longer: discontinued anti-fibrotic medication > 5 medication half-lives before transplant.

aAmong patients who received intra-operative PRBCs.

bAmong patients who received post-operative PRBCs.

cAmong 283 patients who survived to discharge.

20 4
18 4 mAnastomotic dehiscence O Surgical wound dehiscence B Stemal dehiscence
16 4
e 144
2 12 A
5
2 10 4
o
8 1 5.2 57
6 1 28 47
4 4
2 4
0.0 0.0
04
Shorter time between discontinuation Longer time between discontinuation of
of anti-fibrotic therapy and transplant anti-fibrotic therapy and transplant
(n=211) (n=86)

Figure 1. Percentages of patients with anastomotic dehiscence, surgical wound dehiscence and sternal
dehiscence by time between discontinuation of anti-fibrotic medication and transplant.

Shorter: discontinued anti-fibrotic medication < 5 medication half-lives before transplant; longer: discontinued anti-fibrotic
medication > 5 medication half-lives before transplant.
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Table 3. Discharge and post-discharge outcomes by time between discontinuation of anti-fibrotic medication

and transplant (N = 297).

Time between discontinuation of p-value
anti-fibrotic medication and transplant
Outcome Shorter (n = 211) Longer (n = 86)
Discharged home? 161 (76.3) 75 (87.2) 0.035
Alive 30 days after transplant 201 (95.7)b 82 (95.3) 0.89
Alive 90 days after transplant 196 (93.8])c 82 (95.3) 0.60
Alive 6 months after transplant 190 (90.9])c 80 (93.0) 0.55
Acute rejection during 6 months after transplant 87 (42.0)d 39 (45.3) 0.60
Bronchiolitis obliterans syndrome or restrictive 1(0.5)e 0 (0) 0.52
allograft syndrome during 6 months after
transplant
Resumed anti-fibrotic medication 0 (0)d 0 (0)

Data are n (%). Shorter: discontinued anti-fibrotic medication < 5 medication half-lives before transplant; longer:
discontinued anti-fibrotic medication > 5 medication half-lives before transplant.
aPatient went home following discharge as opposed to being transferred to a skilled nursing, acute rehabilitation, or long-

term acute care facility.

5N = 210.
°N = 209.
IN = 207.
eN = 204.

alive 90 days after transplant, and 270 were alive 6
months after transplant. The proportions of
patients who were alive at these timepoints did not
differ between the groups (Table 3), but a higher
proportion of patients were discharged home in
the group with the longer time between discon-
tinuation of anti-fibrotic medication and trans-
plant (Table 3). The proportion of patients with
acute cellular rejection in the 6 months after trans-
plant did not differ between the groups (Table 3).
One patient (in the group with the shorter time
between discontinuation of anti-fibrotic medica-
tion and transplant) had chronic lung allograft
dysfunction (CLAD) in the 6 months after trans-
plant. No patients resumed anti-fibrotic medica-
tion after discharge. Post-discharge outcomes by
type of anti-fibrotic medication and by shortest,
intermediate and longest time between discontin-
uation of anti-fibrotic medication and transplant
are shown in Supplementary Table S6.

Discussion

Our study, based on chart review of 320 patients
with IPF, indicates that there is variability in the
timing of discontinuation of anti-fibrotic therapy
prior to transplant, but most patients

(71%) discontinued anti-fibrotic therapy < 5
medication half-lives before transplant. Our anal-
yses did not suggest differences in the proportions
of patients with surgical wound dehiscence across
groups based on when anti-fibrotic therapy was
discontinued. Anastomotic and sternal dehis-
cence, however, were only seen in patients whose
anti-fibrotic therapy was discontinued < 5 medi-
cation half-lives prior to transplant. The time
between discontinuation of anti-fibrotic therapy
and transplant did not appear to affect the length
of ICU stay or hospital stay or the proportion of
patients who survived to discharge, or to 30 days,
60 days, or 6 months after transplant.

Previous studies have suggested that the use of
anti-fibrotic medications does not have an adverse
impact on the incidence of post-transplant com-
plications in patients with IPF.21-27 A single-
center study of 62 patients found that surgical
complications were similar between patients who
continued taking anti-fibrotic therapy in the 4
weeks before transplant and those who were naive
to anti-fibrotic therapy or discontinued it > 4
weeks before transplant.?2 An analysis of 132
patients with ILD, of whom 78 had IPF, found
no differences in post-operative outcomes
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between patients who had versus had not taken
anti-fibrotic therapy in the 4 weeks before trans-
plant.23 However, unlike the current study, these
two studies did not precisely define when anti-
fibrotic therapy was stopped relative to trans-
plant. In a multi-center Australian study, there
was a trend toward an increased rate of anasto-
motic dehiscence (7.5% vs 2.2%; p = 0.08)
among patients with IPF who were taking anti-
fibrotic therapy up to the day of lung transplant
(n = 40) compared to those who were not
(n = 186), findings similar to our observations.2*
In a multi-center Spanish study of 164 patients
with IPF, there were no differences in the inci-
dence of post-transplant complications between
patients who were versus were not taking anti-
fibrotic therapy at the time of transplant, although
chest wall dehiscences appeared earlier in patients
who had used anti-fibrotic drugs.??

In general, the reported incidence of anastomotic
dehiscence after lung transplant ranges between
1% and 10%,28:2% but few data are available on
the rate of dehiscence after lung transplant in
patients with IPF or other ILDs. In a recent anal-
ysis of data from the US Scientific Registry of
Transplant Recipients (SRTR) database, among
4359 patients with ILD who underwent trans-
plant between 2012 and 2019, the proportion of
patients with dehiscence was 1.4%.30

While this work and others have focused on the
potential risks of taking anti-fibrotic therapy prior
to transplant, there is also interest in the possibil-
ity that anti-fibrotic therapy may lessen certain
post-transplant complications. In our study, the
risk of primary graft dysfunction was lower in
patients with a shorter time between discontinua-
tion of anti-fibrotic medication and lung trans-
plant. In a retrospective analysis of 62 patients
with IPF at a single center, compared with
patients not taking anti-fibrotic therapy, those
taking anti-fibrotic therapy at transplant had a
significant improvement in primary graft dysfunc-
tion grade in the 72 hours after transplant. No
patients in this study had anastomotic dehiscence,
but the proportion with airway stenosis requiring
intervention was significantly lower in the patients
taking anti-fibrotic therapy at transplant (2.6% vs
26.1%; p = 0.009).2¢ Further research is needed
into whether antifibrotic therapy may partly pro-
tect against primary graft dysfunction.

As an inhibitor of the VEGF receptor, nintedanib
may increase the risk of bleeding.!> An analysis of

global pharmacovigilance data, based on a cumu-
lative 60,107 patient-years of exposure, showed
that bleeding was reported in patients with IPF
treated with nintedanib at a rate of 36.8 events
per 1000 patient-years, lower than the rate
reported in Phase III trials.3! Data from the open-
label extension of the Phase IIT INPULSIS trials
of nintedanib suggested that the risk of bleeding
did not increase with duration of use.?? In our
study, the percentage of patients who received
intra- or post-operative red blood cell transfusion
was lower in the group that discontinued anti-
fibrotic medication < 5 medication half-lives
prior to transplant. However, it should be noted
that there are differences among centers in proto-
cols for blood transfusion and that our methodol-
ogy may not have captured all bleeding events.

We were unable to analyze the effect of discon-
tinuation of anti-fibrotic therapy on the progres-
sion of IPF prior to lung transplant, which, given
the progressive nature of IPF and the risk of mor-
tality associated with its progression,33-3¢ is an
important consideration in decisions on when to
discontinue anti-fibrotic therapy. A transplant
center’s typical wait time may influence decisions
on when antifibrotic therapy is stopped, as the
risk of disease progression prior to transplant will
be higher at centers with a longer wait time. This
is also a consideration for patients with progres-
sive fibrosing ILDs other than IPF, who may also
be given anti-fibrotic therapy to slow ILD pro-
gression and be eligible for lung transplantation.!

Strengths of our study include that it was multi-
center and collected data for 6 months following
lung transplant. We precisely defined the interval
between anti-fibrotic therapy discontinuation and
transplant. Although this is the largest published
study to date that has investigated potential asso-
ciations between anti-fibrotic medication use
prior to lung transplant and surgical complica-
tions, our analyses of potential differences in
complications among groups based on the timing
of discontinuation of anti-fibrotic therapy prior to
transplant were limited by the small number of
patients in some of the groups. A larger study
would be required to detect possible differences
in rare complications. The nature of chart review
means that our analysis of anastomotic dehis-
cence was limited by how each center monitored
for this complication using bronchoscopy; no
guidelines were provided to the investigators for
defining or grading the severity of anastomotic
dehiscence. The small number of dehiscence
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events were concentrated at three centers, all of
which primarily continued anti-fibrotic medica-
tions until transplant. The potential association
between the timing of discontinuation of anti-
fibrotic medication and the risk of dehiscence
should be explored in future studies that take into
account possible center-level effects.

Based on our findings, the decision to continue
anti-fibrotic agents following listing for transplant
should include an individualized conversation
about the risks and benefits for each candidate. It
may be reasonable to stop these medications for a
patient with a high LAS who is anticipated to
have a short waitlist time, particularly if there are
other risk factors for airway complications. In
contrast, for a patient with a low LAS and risk
factors for prolonged waitlist time, it may be rea-
sonable to continue anti-fibrotic medication to
prevent more rapid disease progression.

In conclusion, in our study anastomotic and ster-
nal dehiscence were only seen in patients with
IPF whose anti-fibrotic therapy was discontin-
ued < 5 medication half-lives prior to lung trans-
plant. The frequency of other surgical outcomes
was similar across groups based on when anti-
fibrotic therapy was discontinued relative to lung
transplant. Further study will be needed to deter-
mine the optimal time to discontinue anti-fibrotic
drugs prior to lung transplant.
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