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In patients with interstitial lung disease (ILD) complicating classical or amyopathic idio-
pathic inflammatory myopathy (IIM), lung transplantation outcomes might be affected
by the disease and treatments. Here, our objective was to assess survival and prog-
nostic factors in lung transplant recipients with [IM-ILD. We retrospectively reviewed
data for 64 patients who underwent lung transplantation between 2009 and 2021 at
19 European centers. Patient survival was the primary outcome. At transplantation,
the median age was 53 [46-59] years, 35 (55%) patients were male, 31 (48%) had clas-
sical 1IM, 25 (39%) had rapidly progressive ILD, and 21 (33%) were in a high-priority
transplant allocation program. Survival rates after 1, 3, and 5years were 78%, 73%,
and 70%, respectively. During follow-up (median, 33 [7-63] months), 23% of patients
developed chronic lung allograft dysfunction. Compared to amyopathic I[IM, classical
IIM was characterized by longer disease duration, higher-intensity immunosuppres-
sion before transplantation, and significantly worse posttransplantation survival. Five
(8%) patients had a clinical [IM relapse, with mild manifestations. No patient expe-
rienced ILD recurrence in the allograft. Posttransplantation survival in IIM-ILD was
similar to that in international all-cause-transplantation registries. The main factor as-
sociated with worse survival was a history of muscle involvement (classical 1IM). In
lung transplant recipients with idiopathic inflammatory myopathy, survival was similar
to that in all-cause transplantation and was worse in patients with muscle involvement

compared to those with the amyopathic disease.
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1 | INTRODUCTION

The idiopathic inflammatory myopathies (lIMs), first defined by
Bohan and Peter'? in 1975, constitute a heterogeneous group of
connective tissue diseases characterized chiefly by varying frequen-
cies and degrees of acquired skeletal-muscle inflammation. In adults,
they include polymyositis, dermatomyositis (DM), inclusion-body
myositis, and necrotizing auto-immune myositis.3 It was recognized
recently that DM may occur without muscle involvement and that
amyopathic DM is part of the IIM spectrum.*

Interstitial lung disease (ILD) is the most common non-muscular
manifestation of 1IM.> Importantly, lIM-associated ILD (IIM-ILD)
is associated with impaired quality of life and higher mortality,®’
even when the muscle and/or skin disease respond well to immu-
nosuppressive therapy. Although the first symptoms of ILD usually
occur after the diagnosis of [IM, they are inaugural in a substantial
minority of patients, in whom appropriate immunosuppressive ther-
apy may thus be delayed and outcomes poorer.® In addition, rapidly
progressive ILD (RP-ILD) is a specific manifestation of [IM in which
life-threatening hypoxemic respiratory failure develops over a few
weeks or months.’

Lung transplantation (LTx) may be an option when lung func-
tion declines either progressively or acutely despite optimal

connective tissue disease, idiopathic inflammatory myopathy, interstitial lung disease, lung

immunosuppressive therapy. However, LTx is rarely performed
in patients with [IM-ILD. According to the International Society
for Heart and Lung Transplantation (ISHLT) registry, patients
with ILD related to connective tissue diseases accounted for only
564/63530 (0.9%) of all LTx procedures done between 1995 and
2018.1° A major concern is that the complex and often severe ex-
trapulmonary manifestations of [IM may decrease survival after
LTx. More specifically, myositis may involve the diaphragm and
impair swallowing, which may increase postoperative morbid-
ity. Moreover, previous immunosuppressant exposure combined
with an often poor nutritional status may negatively impact LTx
outcomes. Many centers are thus reluctant to offer LTx to pa-

11,12 and a

tients with [IM-ILD. Nonetheless, several case reports
retrospective observational cohort study®® suggest that selected
patients with IIM-ILD may experience acceptable short- and long-
term outcomes after LTx and that this option may be under-used.
However, large gaps exist in our understanding of the evaluation
and selection of patients with IIM-ILD for LTx.

The objectives of this study were to assess patient selection
for LTx to treat IIM-ILD, evaluate survival, and identify prognostic
factors. To this end, we conducted a retrospective observational
study of 64 patients who underwent LTx at 19 European transplant
centers.
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2 | METHODS

This retrospective study complied with the Declaration of Helsinki
and was approved by the Paris-Saint Joseph Hospital institutional
review board (Groupe Ethique en Recherche Médicale, # IRB548). In
addition, approval was obtained from the local ethics committee. All
data were anonymized and compiled in compliance with the require-

ments of the data protection authority of each participating country.

2.1 | Study design and population

We identified 68 transplant centers in 23 European countries
via the International Society for Heart and Lung Transplantation
(ISHLT) registry and by personal knowledge. Among these centers,
23 responded and 19 reported patients who met the study inclu-
sion criteria, namely, the presence of diagnostic criteria for IIM'#1°
and [IM-ILD,** including positive myositis-specific antibody ti-
ters at some point of the disease; cadaveric LTx between 2009 and

2021; available thoracic computed tomography (CT) data.

2.2 | Collection of baseline data

We used standardized forms to record the following information:
demographic data; medical history; physical findings; World Health
Organization functional class; routine blood-test results; 6-min walk-

ing distance!®

; most recent pulmonary function test (PFT) results be-
fore LTx including forced vital capacity, forced expiratory volume in
15, and diffusing capacity for carbon monoxide, measured according
to established protocols and reported as percent of predicted values.
We also collected IIM characteristics, distinguishing between patients
with (classical 1IM, c-1IM) vs. without (amyopathic 1IM, a-lIM) muscle
involvement at any time between the diagnosis of 1IM and LTx.

RP-ILD was defined as rapidly progressive dyspnea and hy-
poxemia with worsening radiologic interstitial lung changes within
3months after the onset of respiratory symptoms.20

IIM-related pulmonary hypertension was sought during right
heart catheterization and defined as mean pulmonary artery pres-
sure>20mm Hg, pulmonary capillary wedge pressure<15mm Hg,
and pulmonary vascular resistance >3 WU, in the absence of other
known causes of PH.%! Severe PH was defined as mean pulmonary
artery pressure>235mm Hg or as mean pulmonary artery pres-
sure = 25mm Hg with a cardiac index <2.0 L/min/m?%?22

ILD was diagnosed by retrospective review of the last thoracic
CT performed before LTx, at each participating center. Published cri-

teria for ILD were used.?®

2.3 | Patient management

Details on patient management are available in the online data
supplement.

2.4 | Outcome measure

Patient survival was the outcome measure. Information on vital sta-
tus was collected by each center and was available for all patients.
Survival analyses were performed in the overall population and the
sub-groups with c-1IM vs. a-lIM.

2.5 | Statistical analysis

Baseline demographics were described as median [1st-3rd quar-
tiles] for continuous variables and as percentages for categori-
cal variables. Baseline features were compared among groups
using ANOVA, Fisher's exact test, or Kruskal-Wallis ANOVA
depending on distribution and sample size. Survival was evalu-
ated using the Kaplan-Meier method. No patient underwent re-
transplantation. Cox proportional hazards models were built for
univariate analyses of patient survival after verifying that the

IIM-related end-stage interstitial lung
disease at 19 European
Lung-transplant centres

Screening
(Sep 2009 — Sept 2021)
n=70

PFT,
thoracic CT
before LTx

Missing data, n =6

A 4

Included
n==64

FIGURE 1 Patient flowchart. PFT, pulmonary function tests; CT,
computed tomography.
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TABLE 1 Main features of the 64 study patients, including 31 with classical idiopathic inflammatory myositis (c-IIM) and 33 with
amyopathic idiopathic inflammatory myositis (a-11M)
Overalln = 64 c-liIMn=31 a-1IMn =33 p-value
Male, n (%) 35 (55) 14 (45) 21 (64) .22
Recipient age (years), med [IQR] 53 [46-59] 55 [46-59] 52 [46-56] 71
Body mass index, kg/m? 26 [23-29] 25 [24-28] 27 [23-29] .29
Caucasian, n (%) 49 (77) 22 (71) 27 (82) .10
Smoking history (pack-years), med [IQR], n = 44 12 [0-20] 15 [10-20] 6[0-21] 22
CMV: donor positive / recipient negative, n (%), 4 (7%) 0 4 (13) 11
n=56
Blood group, A/O/B/AB, %, n = 55 40/34/17/9 38/46/12/4 38/34/17/11 .92
Lung transplantation procedure: double/single, 56 (87)/8 (13) 27 (87)/4 (13) 29 (87)/4 (13) .99
n (%)
High-priority transplant allocation program, n (%) 21(33) 10 (32) 11 (33) 99
Pulmonary hypertension, n (%), n = 39 29 (74) 17 (89) 12 (60) .07
Severe pulmonary hypertension, n (%), n = 39 13 (33) 7(37) 6 (30) 91
Preoperative extracorporeal membrane 13 (21) 4 (13) 9(27) 21

oxygenation, n (%)

Intraoperative extracorporeal membrane 32 (50) 12 (39) 20 (61) 13
oxygenation, n (%)
Postoperative extracorporeal membrane 25(39) 12 (39) 13 (39) 99
oxygenation, n (%)
Induction, n (%) 28 (44) 14 (45) 14 (42) 99
Dialysis during intensive care unit stay, n (%) 12 (19) 7 (23) 5(15) .53
Primary graft dysfunction Grade 3 at 72h, n (%) 17 (29) 10 (36) 7 (23) 46
Ventilation time during intensive care unit stay 6 [1-22] 4 [1-16] 11 [3-22] 13
(days), med [IQR]
Hemothorax, n (%), n = 63 14 (22) 7 (23) 7(22) 99
Pneumonia requiring hospitalization during the 25 (50) 12 (46) 13 (54) 78
first posttransplantation year, n (%), n = 50
Acute cellular rejection 2grade 2 during the first 5(9) 2(7) 3(12) .63
posttransplantation year, n (%), n = 53
Preformed donor-specific antibody, n (%) 12 (19) 7 (23) 5(16) 75
Antibody-mediated rejection during the first 6 (10) 1(3) 5(17) 11
posttransplantation year, n (%), n = 59
Chronic lung allograft dysfunction at last 13 (23) 8(29) 5(17) .52
follow-up, n (%), n = 57
Bronchiolitis obliterans syndrome 10(77) 6 (76) 4 (80)
Restrictive allograft syndrome 2 (15) 1(12) 0
Mixed 1(8) 1(12) 1(20)
Cancer after transplantation, n (%) 3(5) 3(10) 0 11
Deaths, n (%) 19 (30) 16 (52) 3(9) <.01
In-hospital mortality, n (%) 11 (17) 8 (26) 3(9) .10
Causes of death, n (%) 49
Septic shock 5(26) 3(19) 2 (67)
Primary graft dysfunction 4 (21) 4 (25)
Pneumonia 4 (21) 4 (25) 0
Other 6(32) 5(31) 1(33)

Abbreviations: a-1IM, amyopathic idiopathic inflammatory myositis; c-11M, classical idiopathic inflammatory myositis; CMV, cytomegalovirus.
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proportionality assumption was met. The number of deaths was
too small for multivariate analysis to look for independent pre-
dictors of patient survival. Since the numbers of patients with
heart and diaphragm involvement, subcutaneous calcinosis, or
a history of cancer or pneumomediastinum were very limited,
these variables were dropped from the univariate analyses. For
the univariate analyses of continuous variables, estimations of
the risk over time were described by computing the hazard ra-
tios (HRs) with their 95% confidence intervals (95%Cls). Two-
tailed p-values smaller than .05 were considered significant. No
patient was lost to follow-up. All statistical analyses and graphs
were performed using R v3.6.0 with the “ggplot2,” “survival,”

“cmprsk,” and “kmi” packages.

3 | RESULTS

3.1 | Patients
Between September 2009 and September 2021, 70 patients with [IM-
ILD underwent LTx at the 19 participating centers. We excluded the six
patients with no thoracic CT (n = 4) or PFT (n = 2) data (Figure 1). The
remaining 64 patients were included in the study. Among them, eight
underwent single-LTx and 56 double-LTx (Table 1).

Numbers of inclusions by center were as follows: Suresnes (France),
n = 10; Le Plessis-Robinson (France), n = 7; Hanover (Germany), n = 7,
Santander (Spain), n = 6; Barcelona (Spain), n = 6; Leuven (Belgium),
n = 4; Paris-Bichat (France), n = 4; Gothenburg (Sweden), n = 3; Pavia

TABLE 2 Mainidiopathic inflammatory
myositis features at listing for lung
transplantation

a-1IM
n=33

p-value

29 [9-66] <.01

Overall
n =64 c-liIMn=31
1IM duration at transplantation 52 [18-140] 105 [49-168]
(months), med [IQR]
Rapidly progressive interstitial 25(39) 11 (35)
lung disease, n (%)
History of pneumomediastinum, 2(3) 1(3)
n (%)
Antibody positivity, n (%)
MDAS5 13 (20) 2 (6)
Jol 31 (48) 18 (56)
PL12 10 (16) 6(19)
PL7 4(6) 2(6)
Other 6(9) 3(13)
Positive muscle biopsy, n (%), 15 (50) 15 (88)
n=230
Muscle involvement, n (%)
Weakness of lower and/or 28 (44) 28 (91)
upper extremities
Weakness of lower and/or 2(4) 2(6)
upper extremities and heart
involvement
Weakness of lower and/or 1(2) 1(3)
upper extremities and
diaphragm involvement
Skin involvement, n (%) 23 (36) 13 (42)
Raynaud's phenomenon, n (%) 21(33) 10 (32)
Esophageal dysmotility, n (%) 4 (6) 3(10)
Gastroesophageal reflux disease, 21(33) 10 (32)
n (%)
Swallowing impairment, n (%) 7 (11) 6(19)
Immunosuppressive lines, med 3 [2-4] 4 [3-5]
[IQR],n = 53
History of cancer, n (%) 1(2) 1(3)
Recurrence of dermatomyositis 5(8) 2(3)

after transplantation, n (%)

14 (42) .75
1(3) .99
11(33) .01
13 (39) .21
4(12) .50
2 (6) .99
3(10) 899
0 <.01
<.01

0

0

0
10 (30) 48
11(33) .99
1(3) .35
11 (33) .99
1(3) .05
2 [1-3] <.01
0 49
3(5) .99

Abbreviations: a-1IM, amyopathic idiopathic inflammatory myositis; c-11M, classical idiopathic

inflammatory myositis.
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(Italy), n = 2; Bologna (ltaly), n = 2; Vienna (Austria), n = 2; Bordeaux
(France), n = 2; Milano (ltaly), n = 2; Brussels (Belgium), n = 2;
Copenhagen (Denmark), n = 1; Lausanne (Switzerland), n = 1; Paris-
Georges Pompidou (France), n = 1; Marseille (France), n = 1; and Lyon
(France),n=1.

Trends toward a larger proportion of patients with pulmonary
hypertension were found in the group with c-1IM compared to the
group with a-1IM (Table 1).

3.2 | Features of idiopathic inflammatory myositis
(1IM) at listing

Of the 64 patients, 33 (52%) had a-1IM, with a significantly shorter
disease duration at listing compared to the c-1IM group (Table 2).
Similar proportions of patients in the a-1IM and c-IIM sub-groups
had positive antisynthetase antibody titers, whereas the proportion
of patients with positive anti-MDAJ5 titers was significantly higher
in the a-1IM sub-group (Table 2). Compared to the a-1IM group, im-
paired swallowing was more common in the c-1IM group, in which
the number of immunosuppressive lines was higher. In the c-1IM
group, we found a trend toward a higher proportion of patients
being diagnosed with cancer after transplantation.

3.3 | Pulmonary and hemodynamic features at listing

Compared to the a-1IM group, there was a trend toward higher mean
pulmonary artery pressure in the c-1IM group (Table S1). Nonspecific

AT | 2995

interstitial pneumonia and usual interstitial pneumonia were the
main thoracic-CT patterns. There were no other differences in pul-

monary function or hemodynamics between the groups.

3.4 | Survival analysis

Nineteen patients died during the median follow-up of 33 [7-62]
months after LTx. No patients were lost to follow-up. The 1-, 3-, and
5-year survival estimates were 78%, 73%, and 70%, respectively
(Figure 1). Survival rates after 1, 3, and 5years were significantly
worse in the c-1IM group (67%, 59%, and 55%) than in the a-1IM
group (90%, 90%, and 90%) (Figure 2).

A higher mortality rate and higher in-hospital mortality were
found in the group with c-1IM compared to the group with a-1IM
(Table 1, Figure 3).

Table 3 reports the associations of selected variables with sur-
vival identified by univariate analysis. Variables significantly associ-
ated with poorer survival were dialysis during the ICU stay, grade 3
PGD at 72h, c-1IM (as opposed to a-1IM), skin involvement, and the

number of immunosuppressive lines before LTx.

3.5 | Causes of death

More than half the deaths (10 of 19 patients [53%]) were caused by
respiratory failure due to PGD (n = 4), pneumonia (n = 4), chronic
lung allograft dysfunction (n = 1), or acute cellular rejection (n = 1).
Five patients died of septic shock. The remaining causes of death

Overall survival

100

75

50

Survival probability (%)

25

0 6 12

18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126

Months since LTx procedure

Natrisk 64 50 40 38 37 35 30 27 23 22

19

14 11 9 5 5 5 4 3 2 2 1

FIGURE 2 Kaplan-Meier survival estimates from the date of transplantation, with the 95% confidence intervals, in the overall population
of 64 patients. Survival rates were 78%, 73%, and 70% at 1, 3, and 5years, respectively.
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TABLE 3 Univariate analysis to identify factors associated with survival after lung transplantation
Univariate
Reference Modality HR 95%ClI p-value
Sex Male Female 0.74 0.29-1.91 .53
Age at transplantation Continuous 1.00 0.95-1.04 .85
Body mass index at listing Continuous 0.95 0.81-1.11 .50
Caucasian No Yes 0.73 0.26-2.07 .56
Smoking history No Yes 1.44 0.55-3.81 46
CMV: donor positive / recipient negative No Yes 1.17 0.43-3.18 .76
Blood group O A 3.25 0.40-26.46 .27
B 2.07 0.19-22.95 .55
AB 2.72 0.17-43.59 48
Lung transplant procedure Double Single 0.74 0.17-3.24 .69
High-priority transplant allocation program No Yes 1.88 0.74-4.79 .18
Pulmonary hypertension No Yes 1.17 0.25-5.53 .84
Severe pulmonary hypertension No Yes 1.41 0.20-3.08 74
Cardiopulmonary bypass No Yes 0.60 0.23-1.56 .30
Induction No Yes 0.63 0.23-1.68 .35
Dialysis during intensive unit stay No Yes 3.05 1.14-8.21 .03
Primary graft dysfunction Grade 3 at 72h No Yes 2.47 0.93-6.61 .07
Ventilation time during intensive care unit stay No Yes 0.99 0.97-1.01 48
Hemothorax No Yes 0.19 0.03-1.45 11
Pneumonia No Yes 0.99 0.97-1.01 48
Preformed donor-specific antibody No Yes 1.41 0.46-4.29 .55
clIM No Yes 4.88 1.41-16.90 .01
Rapidly progressive interstitial lung disease No Yes 1.94 0.76-4.90 .16
Skin involvement No Yes 3.33 1.30-8.52 .01
Raynaud's phenomenon No Yes 1.01 0.36-2.84 .99
Esophageal dysmotility No Yes 3.05 0.68-13.69 14
Gastroesophageal reflux disease No Yes 1.60 0.62-4.16 .33
Swallowing impairment No Yes 1.60 0.46-5.54 46
Number of immunosuppressive lines before Continuous variable 1.36 0.99-1.87 .06
transplantation
6-min walk test Continuous variable 1.00 0.99-1.00 .67
Forced vital capacity Continuous variable 0.98 0.94-1.02 31
Forced expired volume in 1's Continuous variable 0.98 0.94-1.03 49
Forced expired volume in 1 s/Forced vital Continuous variable 1.03 0.98-1.08 .22
capacity
Total lung capacity Continuous variable 0.97 0.93-1.02 24
Diffusing capacity for carbon monoxide Continuous variable 1.01 0.96-1.06 .78
Right atrial pressure Continuous variable 1.02 0.95-1.09 .56
Mean pulmonary artery pressure Continuous variable 1.00 0.95-1.05 .90
Pulmonary capillary wedge pressure Continuous variable 1.26 1.00-1.60 16
Cardiac index Continuous variable 0.56 0.20-1.55 .26
Pulmonary vascular resistance Continuous variable 0.86 0.56-1.32 47
Predominant pattern on thoracic high-resolution Nonspecific interstitial Usual interstitial 2.05 0.73-5.79 17
computed tomography pneumonia pneumonia
Organizing 2.17 0.46-10.12 .32
pneumonia

Abbreviations: 95%Cl, 95% confidence interval; c-1IM, classical idiopathic inflammatory myositis; CMV, cytomegalovirus; HR, hazard ratio.
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Overall survival
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FIGURE 3 Kaplan-Meier survival estimates from the date of transplantation in the overall population acco

rding to muscle involvement

phenotype (classical idiopathic inflammatory myositis [c-IIM] versus amyopathic idiopathic inflammatory myositis [a-IIM]). Survival rates at

1, 3, and 5years were 67%, 59%, and 55% in the c-1IM group versus 90%, 90%, and 90% in the a-1IM group; re
classical dermatomyositis (with muscle involvement); a-1IM, amyopathic dermatomyositis.

spectively (p = .006). c-1IM,

were cancer (n = 1), multiple trauma (n = 1), stroke (n = 1), and cata-
strophic antiphospholipid syndrome (n = 1).

3.6 | High-priority transplant allocation program
Table 4 reports the main features of the groups transplanted under
the standard vs. high-priority allocation program. The group of 21
(33%) patients in the high-priority program had a younger median
age; shorter median |IM duration at LTx; higher proportions of pa-
tients with RP-ILD, anti-MDAJS5, and anti-JO1 antibodies, preopera-
tive invasive ventilation, and preoperative ECMO; and longer time
on ventilation in the ICU. Survival was similar between the two
groups (p = .18) (Figure 4). Among the 13 patients who received pre-
operative ECMO, four did not require invasive ventilation.

3.7 | Idiopathic inflammatory myositis (1IM)
outcomes after lung transplantation (LTx)

After LTx, five (8%) patients experienced clinical relapse, at a me-
dian of 7.5 [1.5-70] months after surgery. Three of the five patients
had mild peripheral muscle involvement and the other two had
specific skin lesions. Of the 19 patients with available information
about myositis-specific antibodies after transplantation, five (26%)
had persistently positive titers. Among them, two experienced clini-
cal relapses, manifesting as mild muscle involvement in one and as
specific skin lesions in the other. Cancer developed in three (5%)

patients, including two with squamous-cell skin carcinoma and one
with metastatic adenocarcinoma from an unknown primary resulting
in death a few weeks after the diagnosis. Of note, no patient experi-
enced an ILD relapse in the allograft.

4 | DISCUSSION

In this longitudinal study of patients with well-characterized [IM-
ILD, outcomes after LTx were consistent with ISHLT registry data for
2010-2017. The main predictor of poorer survival was a history of
muscle involvement, that is, c-IIM as opposed to a-IIM.

LTx in patients with end-stage |IM-ILD is controversial.
Historically, IIM-ILD was considered to contraindicate LTx, largely
because of concerns that survival might be adversely affected by
extrapulmonary manifestations, such as involvement of the respi-
ratory and swallowing muscles. However, in our large cohort, sur-
vival rates after 1, 3, and 5years were similar to those reported
after LTx for other indications,° notably, for connective tissue dis-
eases such as systemic sclerosis.?* Furthermore, the incidence of
major post-transplantation complications such as acute rejection
episodes or chronic lung allograft dysfunction did not differ from
ISHLT data.'® Finally, only five (8%) patients experienced a clinical
IIM relapse. The symptoms were mild muscle weakness in three
and typical skin lesions in two. The clinical impact of the relapses
was thus limited, and postoperative respiratory muscle dysfunc-
tion was rare. Importantly, no patient experienced an ILD relapse
in the allograft.
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TABLE 4 Comparison of the groups in the standard versus high-priority transplant allocation programs
High-priority allocation
Overalln = 64 n=21 Standard allocation n = 43 p-value
Male, n (%) 35(55) 11 (52) 24 (56) .99
Recipient age (years), med [IQR] 53 [46-59] 46 [43-53] 56 [50-60] <.01
Connective tissue disease duration before 52 [18-140] 14 [4-105] 77 [40-168] <.01
lung transplantation (months), med
[IQR]
Rapidly progressive interstitial lung 25(39) 17 (81) 8(19) <.01
disease, n (%)
Immunosuppressive lines, n = 53 3 [2-4] 3[1-4] 3[2-4] .83
c-1IM, n (%) 31 (48) 10 (48) 21 (49) .99
Antibody positivity, n (%)
MDAS5 13(20) 11 (52) 2 (5) <.01
Jol 31(48) 5(24) 26 (60) <.01
PL12 10 (16) 3(14) 7 (16) .99
PL7 4 (6) 0 4(9) .29
Other 6(9) 2 (10) 4 (10) .85
Pulmonary hypertension, n (%), n = 39 29 (74) 5(83) 24 (73) .68
Severe pulmonary hypertension, n (%), 13(33) 1(17) 12 (36) .64
n=239
Preoperative invasive ventilation, n (%), 10 (16) 11 (53) 0 <.01
n=19
Preoperative extracorporeal membrane 13(20) 13 (62) 0 <.01
oxygenation, n (%)
Intraoperative extracorporeal membrane 32 (50) 17 (81) 15 (35) 13
oxygenation, n (%)
Postoperative extracorporeal membrane 25(39) 11 (52) 14 (33) 21
oxygenation, n (%)
Dialysis during intensive care unit stay n 12 (19) 6(29) 6 (14) .29
(%)
Primary graft dysfunction Grade 3 at 72h, 17 (29) 1(6) 16 (39) .02
n (%)
Ventilation time during intensive care unit 6[1-22] 14 [5-21] 3[1-21] .04
stay (days), med [IQR]
In-hospital mortality, n (%) 11(17) 3(14) 8(19) 74
Chronic lung allograft dysfunction at last 13 (23) 5(25) 8(19) 49
follow-up, n (%), n = 57
Bronchiolitis obliterans syndrome 10(77) 5(100) 5(62)
Restrictive allograft syndrome 2 (15) 0 2 (25)
Mixed 1(8) 0 1(13)

Abbreviation: c-1IM, classical idiopathic inflammatory myositis.

Our findings are supported by other studies.*>?>25 A 2014 ret-
rospective study showed similar 1-, 3-, and 5-year mortality rates
in five patients with IIM-ILD, 48 with idiopathic pulmonary fibrosis
(IPF), and 37 with ILD but neither IIM nor IPF.X% In another retro-
spective study, reported in 2012, 1- and 5-year survival rates were
comparable in 284 patients with ILD related to connective tis-
sue disease, including 34 with IIM-ILD, and in 4190 patients with
IPF.%% In a recent retrospective study, no significant differences
in survival, acute or chronic rejection, or extrapulmonary organ

dysfunction were found in patients who underwent LTx for IPF vs.
for nonscleroderma connective tissue disease, among whom 62
had 1IM.2° However, in a 2021 retrospective study, survival rates
were significantly lower in the group with ILD related to DM or
polymyositis than in the group of patients with IPF.?” Importantly,
only eight patients had [IM compared to 180 with IPF, and the IIM
group showed trends toward a longer allograft cold-ischemia time,
higher frequency of grade 3 PGD at 72 h, and longer ICU stay. Age-
and sex-adjusted Cox-proportional-hazard analyses indicated that
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FIGURE 4 Kaplan-Meier survival estimates from the date of transplantation in the overall population according to the lung allocation
program (standard versus high-priority). Survival rates at 1, 3, and 5years were 60%, 60%, and 60% in the high-priority group versus 85%,

79%, and 74% in the standard group, respectively (p = .18).

PGD and longer ICU stay were independently associated with
poorer survival. Moreover, the inclusion of patients with several
types of connective tissue disease, together with the single-center
recruitment, may have altered the findings compared to those of
multicenter studies.

A strength of our study is that we were able to classify all patients
according to their history of muscle involvement, that is, as having
either c-1IM or a-1IM. This differentiation demonstrated that survival
after LTx was significantly worse in the c-1IM group, thus producing
new information compared to earlier studies, most of which did not
seek to identify prognostic factors.'®2%27 Patients with c-1IM had a
longer disease duration before LTx, but pre-LTx disease duration was
not associated with the outcome by univariate analysis. However,
the higher number of immunosuppressive lines may explain that the
most common causes of death in this subgroup were pneumonia and
septic shock.

Another strong point of our work is the comparison of patients
whose transplant was allocated according to the standard vs. the
high-priority program. A third of our patients were in the high-
priority program, compared to about 15% overall in France.?® The
criterion for high-priority listing was any event that remained im-
mediately life-threatening despite optimal treatment in the inten-
sive care unit.?® In addition to the burden of ILD, the presence
of pulmonary hypertension in three-quarters of our patients may
have contributed to the frequent need for high-priority allocation.
Patients in the high-priority sub-group more often had RP-ILD
and positive anti-MDAS titers. This clinical [IM-ILD phenotype

has been described previously as an aggressive condition that
results in high mortality if a respiratory failure occurs.? Of our
21 high-priority patients, 13 (62%) required preoperative ECMO,
and all were successfully transplanted with acceptable short- and
long-term outcomes, notably a lower incidence of grade 3 PGD at
72h compared to standard-allocation patients. ECMO as a suc-
cessful bridge to LTx was recently described in patients who had
IIM with RP-ILD and respiratory failure.?? In our cohort, four of
the 13 patients who received preoperative ECMO were bridged
to LTx without requiring invasive ventilation. Thus, ECMO may
also obviate the need for invasive ventilation before LTx in some
patients.

Among the potential limitations of our study, the general ap-
plicability of our findings deserves attention. Although our sample
of 64 patients is large compared to many other studies, it remains
limited. In addition, of the 68 European transplant centers invited
to participate in the study, only 23 responded, potentially intro-
ducing selection bias and reducing the available information on
how best to select patients with [IM-ILD for LTx. Furthermore, we
had no data on patients with IIM-ILD who were not listed for LTx,
for instance, due to dysfunction of the swallowing and/or respira-
tory muscles. Neither did we know how many patients died while
on the waiting list. Finally, we did not know the criteria applied
at each transplant center to contraindicate LTx listing of patients
with [IM-ILD.

In conclusion, our study adds valuable evidence that IIM-ILD per

se should not be considered a contraindication to LTx candidacy.
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The association linking a history of muscle involvement (i.e., c-1IM)
to worse survival was not sufficiently strong to make c-1IM a con-
traindication to LTx, particularly given the absence of a multivariate
analysis. In patients with critical respiratory failure, high-priority
allocation and ECMO as a bridge to LTx ensured acceptable post-
transplantation survival. Further research is necessary to identify
patient characteristics and modifiable risk factors allowing both
standardized patient selection for LTx and improvements in post-

LTx outcomes.
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