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Abstract

Background Lung transplantation (LTx) is the most important treatment for end-stage lung diseases. However, the treatment of
connective tissue disease-associated interstitial lung diseases (CTD-ILD) using LTx is still controversial especially for
polymyositis/dermatomyositis-associated interstitial lung disease (PM/DM-ILD).

Methods Patients diagnosed with idiopathic pulmonary fibrosis (IPF) (n=180) and CTD-ILD (n= 36) from 1* January 2015 to
31% December 2019 were recruited into the study. We set polymyositis/dermatomyositis (PM/DM) as a single subgroup, and all
the patients underwent LTx at the Wuxi People’s Hospital.

Results We found that patients with non-myositis connective tissue-related ILD (NM-CTLD) were younger (p=0.007) and had a
higher percentage of females (p=0.000) than patients with IPF. PM/DM-ILD was associated with a higher incidence of primary
graft dysfunction (PGD) (p=0.006) and a longer time in the intensive care unit (ICU) (p=0.000). The cumulative survival rates of
patients with PM/DM-ILD were significantly lower than those with IPF (log rank, p=0.003). However, there were no significant
differences when compared with the cumulative survival rates of patients with NM-CTLD and IPF (log rank, p=0.528). Age- and
gender-adjusted Cox proportional hazard analyses indicated that post-LTx PGD (HR 1.498, 95% CI 1.227-1.828, p=0.000) and
duration of ICU (HR 1.027, 95% CI 1.007-1.047, p=0.000) were the independent contributors of disease status to survival. Lung
infection was the leading cause of post-LTx death in the groups, where the incidence was 65.3% (47/72) in IPF, 66.7% (8/12) in
NM-CTLD, and 66.7% (4/6) in PM/DM-ILD.

Conclusions This study found that patients with NM-CTLD had a similar survival outcome with IPF. However, patients with
PM/DM-ILD-performed LTx had a lower survival rate than those with IPF.

Key Points

* Previous studies have shown that the myopathies associated ILD patients had similar post-LTx outcomes with IPF patients. However, our retrospective
analysis indicated that patients with PM/DM-ILD-performed LTx had a lower survival rate than those with IPF.

* Patients with NM-CTLD had a similar survival outcome with IPF.

» We also found that PM/DM-ILD was associated with a higher incidence of PGD and a longer time in the ICU.
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Introduction includes systemic sclerosis (SSc), rheumatoid arthritis (RA),

Sjogren syndrome (SS), polymyositis/dermatomyositis (PM/
Interstitial lung disease (ILD) is one of the most common = DM), and mixed connective tissue disease (MCTD).
complications of connective tissue diseases (CTD), and it ~ Connective tissue disease-associated interstitial lung diseases
(CTD-ILD) and idiopathic pulmonary fibrosis (IPF) have to-
tally different treatment strategies and prognosis despite both
diseases having similar clinical and pathological features.
Presently, the primary treatment for patients with CTD is the
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interstitial lung disease is associated with a poor prognosis and
often culminates in death from respiratory failure. A previous
study reported that CTD-ILD-hospitalized patients with pul-
monary complications who underwent a standard therapy
demonstrated an increased risk of death (10-fold) when com-
pared with those who were not hospitalized [2]. Another study
reported that the overall survival rate of patients with ILD
which is acute exacerbated (AE) was significantly higher than
that of acute exacerbation of IPF, but the median survival time
of acute exacerbation of CTD-ILD patients was only 35.0 +
4.2 days [3]. These results indicate that the prognosis of CTD-
ILD patients is significantly better than that of IPF patients,
but it is still an important cause of death in CTD patients.
Therefore, more effective treatment strategies for the disease
are required [4].

Lung transplantation (LTx) is the most important treatment
method for end-stage lung diseases because it has an irreplace-
able role of reducing mortality and improving the quality of
life. Guidelines similar to those for IPF LTx indications can be
used for CTD-ILD if the ILD does not respond to medicine
treatment, it gradually worsens, and there are no contraindica-
tions for LTx [5]. According to the Registry of the
International Society for Heart and Lung Transplantation
(ISHLT), CTD-ILD patients undergoing LTx comprised only
0.9% of all lung transplants (564/63530) from 1995 to 2018
[6]. Therefore, the limited number of retrospective studies on
CTD-ILD in LTx limits our consideration when adding the
end-stage CTD-ILD patients in the lung transplant waiting
list. Therefore, it is necessary to conduct a retrospective anal-
ysis of CTD-ILD patients who have undergone lung trans-
plantation in order to obtain more evidence.

In this study, we retrospectively evaluated lung transplan-
tation recipients (LTRs) with CTD or IPF from 1% January
2015 to 31%" December 2019 at the largest lung transplant
center in China. Currently, there are few cohort studies
reporting the survival and outcome of polymyositis/
dermatomyositis-associated interstitial lung disease (PM/
DM-ILD) after LTx. Therefore, we separated the analysis of
PM/DM-ILD into a subgroup because the available literature
could not effectively guide the clinical practice.

Materials and methods

We conducted this retrospective cohort study at Wuxi
People’s Hospital, the largest lung transplant center in
China, which is affiliated to Nanjing Medical University.
We selected patients who underwent LTx including those di-
agnosed with IPF and CTD-ILD from 1* January 2015 to 31%
December 2019. Patients who received combined organ trans-
plants were excluded from the study. All patients were follow-
ed up until death or up to 1°* August 2020.
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Patients diagnosed with CTD-ILD including SS, SSc, RA,
systemic lupus erythematosus (SLE), MCTD, undifferentiated
connective tissue disease (UCTD), and PM/DM were set as a
single subgroup (PM/DM-ILD) for analysis.

Pre-transplant clinical data including gender, age, body
mass index (BMI), and pre-LTx mean pulmonary artery pres-
sure (MPAP) were collected for each patient. In addition, post-
LTx clinical data including procedure type (single or bilater-
al), time of using extracorporeal membrane oxygenation
(ECMO), cold ischemia time of donor lung, duration of inten-
sive care unit (ICU), grade of primary graft dysfunction
(PGD), cumulative survival, and duration of follow-up was
also collected for each patient.

The post-LTx immunosuppressive programs were based
on the lung transplant center of Wuxi People’s Hospital. All
patients initially received a triple-drug regimen including cal-
cineurin inhibitors (cyclosporine or tacrolimus), antimetabo-
lites (mycophenolate mofetil or mycophenolate sodium), and
corticosteroids.

Statistical analysis

The demographic and clinical characteristics of patients were
expressed as the mean + standard deviation (SD) of continu-
ous variables, or as the proportion of categorical variables.
Count data were compared using x~ tests, while measurement
data between two groups were compared using the indepen-
dent sample ¢ test. Kaplan-Meier cumulative survival curves
were plotted for each disease subgroup, and survival rates
between disease groups were compared using the log rank
test. Cox proportional hazard analysis was performed after
adjusting the age and gender to find out independent risk
factors that affect the prognosis. All statistical analyses were
performed using SPSS version 19.0 (SPSS, Inc., Chicago, IL,
USA), and a 2-sided p<0.05 was considered to be statistically
significant.

Results
Overall cohort

A total of 674 lung transplants were performed at the hospital
from 1% January 2015 to 31%' December 2019, of which 26.7%
of the patients had IPF, while 5.3% had CTD-ILD. The most
common diagnoses for the patients with CTD-ILD were RA
(27.8%), SS (22.2%), and PM/DM (22.2%) (Table 1).

Clinical and sociodemographic characteristics
Patients with CTD-ILD were younger and had a higher per-

centage of females than those with IPF. PM/DM-ILD was
associated with a higher incidence of PGD (p=0.006), and
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Table 1 The CTD subgroups

The subgroups of CTD N=36
Polymyositis/dermatomyositis (PM/DM) 8 (22.2%)
Sjogren syndrome (SS) 8 (22.2%)
Rheumatoid arthritis (RA) 10 (27.8%)
Systemic sclerosis (SSc) 2 (5.6%)
Systemic lupus erythematosus (SLE) 1 (2.8%)
Mixed connective tissue disease (MCTD) 6 (16.7%)
Undifferentiated connective tissue disease (UCTD) 1 (2.8%)

the patients stayed for a longer time in the ICU. There were no
significant differences in the age, gender, body mass index
(BMI), pre-LTx mPAP, procedure type (single or bilateral
lung transplantation), time of using ECMO, and cold ischemia
time of donor lung (Table 2).

Survival

The cumulative survival rates of patients with PM/DM-ILD
were significantly lower than those with IPF (log rank,
p=0.003), especially in 6 months (38% vs. 73%, p=0.04)
and 2 years (19% vs. 60%, p=0.01). There were no significant
differences on the cumulative survival rates when PM/DM-
ILD patients were compared with non-myositis connective
tissue-related ILD (NM-CTLD) and IPF patients (log rank,
p=0.528). In addition, there was no significant difference in
overall survival between PM/DM-ILD and NM-CTLD pa-
tients (log rank, p=0.084) (Fig. 1).

Results obtained after performing age- and gender-adjusted
Cox proportional hazard analyses indicated that PGD (HR
1.498, 95% CI 1.227-1.828, p=0.000) and duration of ICU
(HR 1.027,95% CI 1.007—-1.047, p=0.000) were the indepen-
dent contributors of disease status to survival (Table 3).

Lung infection was the leading cause of post-LTx death
between the groups, where the incidence was 65.3% (47/72)
in IPF, 66.7% (8/12) in NM-CTLD, and 66.7% (4/6) in PM/
DM-ILD.

Finally, there were no patients with CTD who developed
extrapulmonary flare during the follow-up period.

Discussion

LTx is still an effective treatment option for end-stage CTD-
ILD with respiratory failure, despite there being doubts on
whether CTD-ILD should be treated using LTx. ISHLT has
identified CTD-ILD as one of the indications for lung trans-
plantation, though some transplant specialists still think that
the extrapulmonary flares of the CTD can affect the prognosis
of patients. However, there only few studies reporting this

association. Studies have shown that SSc can lead to increased
acute rejection because of its high incidence of gastrointestinal
dysfunction [7]. PM/DM-ILD could increase complications
during management of immunosuppression and rehabilitation
after transplantation [1]. Some lung transplant centers still list
CTD-ILD as a relative contraindication, but some studies have
indicated that the long-term survival of patients is not affected
even with these extrapulmonary complications [8, 9]. In addi-
tion, some complications such as gastrointestinal dysfunction
can be effectively managed at pre- or post-transplantation
[10].

According to the data obtained from the Organ
Procurement and Transplantation Network, a big retrospective
analysis done by Takagishi (2012) found that patients with
CTD-ILD (n=284) who underwent LTx had similar cumula-
tive survival with those with IPF (n=4190), and a slightly less
cumulative survival than those with chronic obstructive pul-
monary disease (COPD) (n=6720). The risk of mortality in
patients with CTD was increased 6 months after transplant
when compared with those with IPF, but the survival differ-
ence gradually narrowed with time. The study also included
34 PM/DM patients, whose post-LTx cumulative survival rate
after 6 months was 70.6%[11].

Another single-center retrospective study showed a similar
survival outcome between patients with CTD and IPF. The
median overall survival times of CTD and IPF patients were
29.9 and 21.8 months, respectively. In addition, there was no
significant difference in the cumulative survival rate (log rank
p =0.613) of CTD-ILD and IPF patients with matching age
and gender [12] .

Most of the previous studies on the analysis of patients with
CTD (with either SSc or IPF) who underwent LTx indicated
that there was no significant difference between the cumula-
tive survival of the two diseases [9, 13, 14]. Using data ob-
tained from the United Network for Organ Sharing, Bernstein
et al. (2015) performed a retrospective cohort study of 229
adults with SSc, 201 with PAH, and 3333 with ILD who
underwent LTx in the US from 4™ May 2005 to 14"
September 2012. They found that a diagnosis of SSc may
confer an increased risk of death 1 year post-LTx when com-
pared with the diagnosis of ILD, but the risk was similar with
that of pulmonary arterial hypertension (PAH) [8].

Courtwright et al. (2017) retrospectively analyzed the sur-
vival results of non-scleroderma CTD with lung transplanta-
tion using a list obtained from the Scientific Registry of
Transplant Recipients. The obtained results indicated that
there was no significant differences in survival, acute or
chronic rejection, or extrapulmonary organ dysfunction in
non-scleroderma connective tissue-related lung disease (NS-
CTLD) patients who underwent LTx when compared with
IPF. Therefore, NS-CTLD should not be considered a contra-
indication to lung transplantation. The study also incorporated
51 PM and one PM/DM patients, whose adjusted survival rate
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Table 2 Baseline characteristics of CTD and IPF patients before lung transplantation

Variables Subgroup p value
NM-CTLD PM/DM- IPF
ILD
N 28 8 180
NM-CTLD SS 8 (28.6%)
RA 10 (35.7%)
SSc 2 (7.1%)
SLE 1 3.6%)
MCTD 6 (21.4%)
UCTD 1 (3.6%)
Gender Male 12 (42.9%) 5 (62.5%) 165 (91.7%) <0.001
Female 16 (57.1%) 3(37.5%) 15 (8.3%)
Age (y) 55.0£11.8 54.6+£9.9 59.249.3 0.010
BMI 21.6£3.7 23.1£2.0 21.3+2.7 0.210
PAPm (mmHg) 34.1£14.5 41.4+15.6 35.1£14.2 0.426
Procedure type SLT 22 (78.6%) 4 (50.0%) 130 (72.2%) 0.282
BLT 6 (21.4%) 4 (50.0%) 50 (27.8%)
Cold ischemia time (min) 403.3 518.8496.1 438.4 0.063
+114.2 +126.0
ECMO None 4 (14.3%) 0 24 (13.3%) 0.064
Intraoperation 6 (21.4%) 0 63 (35.0%)
Postoperation 18 (64.3%) 8 (100.0%) 93 (51.7%)
PGD Grade 0 4 (14.3%) 0 64 (35.6%) 0.006
Grade 1 5 (17.9%) 0 30 (16.7%)
Grade 2 8 (28.6%) 2 (25.0%) 47 (26.1%)
Grade 3 11 (39.3%) 6 (75.0%) 39 (21.7%)
Duration of ICU (d) 5.0+£2.7 21.5+17.3 6.3+6.6 <0.001

Data were shown as number (percentage within group) or mean +SD

N numbers, NM-CTLD non-myositis connective tissue-related interstitial lung disease, PM/DM-ILD polymyositis/dermatomyositis-associated interstitial
lung disease, /PF idiopathic pulmonary fibrosis, SS Sjogren syndrome, RA rheumatoid arthritis, SSc¢ systemic sclerosis, SLE systemic lupus erythema-
tosus, MCTD mixed connective tissue disease, UCTD undifferentiated connective tissue disease, BMI body mass index, PAPm mean pulmonary artery
pressure, SLT single lung transplantation, BLT bilateral lung transplantation, ECMO extracorporeal membrane oxygenation, PGD primary graft dys-

function, /CU intensive care unit

was not significantly different when compared with IPF pa-
tients [15]. In addition, some case reports or small retrospec-
tive analysis studies focusing on RA [16] and SLE [17] indi-
cated that LTx for CTD and other indications can receive
similarly good results [18].

The results obtained in this study indicated that there was
no significant difference in the survival rate between patients
with NM-CTLD and IPF who underwent LTx, with the results
being consistent with the studies listed above.

Another study reported that one-third of PM/DM-ILD pa-
tients showed acute progression, and the 3-year survival rate
of the acute type (27.3%) was lower than that of the chronic
type (78.8%) [19]. Diagnosis of acute or subacute PM/DM-
ILD and clinically amyopathic dermatomyositis (CADM) was
associated with more than fourfold increase in the risk of death
when compared with PM patients. This was consistent with
previous studies which reported that the treatment of acute and
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subacute forms of PM/DM-ILD was more difficult, and so it
was associated with a poor prognosis [20].

Results obtained from two other studies which included
five idiopathic inflammatory myopathies patients each indi-
cated that their 1-year survival rate was 100%, but one patient
died of pneumonia 38 months after transplant [12, 21]. In
addition, there were no extrapulmonary flares. A case report
conducted on a 15-year-old PM-ILD female patient who re-
ceived a double lung transplant reported that the patient died 9
months later and the pathology showed recurrence of
myositis-related lung disease [22]. The case study was the first
report on the recurrence of PM-ILD in a patient who
underwent LTx.

Previous studies, including the two large retrospective
analyses, have shown that the myopathies associated ILD pa-
tients had similar post-LTx outcomes with IPF patients [11,
15]. However, our retrospective analysis was not consistent
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Fig. 1 Kaplan-Meier cumulative
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with previous literature reports because the subgroup
analysis indicated that patients with PM/DM-ILD-per-
formed LTx had a lower survival rate than those with
IPF. This result was mainly due to the lower survival rate
observed six months after surgery. The incidence of grade
3 PGD was significantly increased in PM/DM-ILD when
compared with IPF, indicating that it was an independent
risk factor for survival.
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However, this study had some limitations including referral
bias, small study size, and the retrospective design used. In
addition, we did not have enough follow-up data to compare
long-term survival outcomes between the groups. The study is
also considered a relatively small-scale study worldwide de-
spite accounting for a large distribution of lung transplanta-
tions performed in China. Therefore, additional multi-center
analyses are required to confirm our results.

Table 3 Unadjusted and adjusted

hazard ratios after lung transplant Variable Univariate analysis Cox proportional hazard analyses
for patients with CTD versus IPF
Unadjusted HR and 95% CI p value Adjusted HR and 95% CI p value
Gender 1.301 (0.728-2.326) 0.374
Age 0.995 (0.974-1.017) 0.665
BMI 1.006 (0.932-1.087) 0.872
PAPm 1.005 (0.992-1.018) 0.452
Procedure type 1.087 (0.674-1.754) 0.732
Cold ischemia time 1.000 (0.998-1.001) 0.693
ECMO 1.549 (1.110-2.162) 0.010 0.367
PGD 1.559 (1.278-1.902) 0.000 1.498 (1.227-1.828) 0.000
Duration of ICU 1.044 (1.026-1.062) 0.000 1.027 (1.007-1.047) 0.008

HR hazard Ratios, BMI body mass index, PAPm mean pulmonary artery pressure, ECMO extracorporeal mem-
brane oxygenation, PGD primary graft dysfunction, /CU intensive care unit

After performing age- and gender-adjusted, Cox proportional hazard analyses indicated that PGD and duration of
ICU were the independent contributors of disease status to survival
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Although the patients included in this study experienced a
global pandemic of COVID-19 during postoperative follow-
up, no one was infected with the novel coronavirus which can
be attributed to China’s early control of the spread of COVID-
19. In addition, the patients practiced good habits of wearing
masks and hardly going to crowded public places, thereby
reducing the bias caused by the COVID-19 epidemic.

Conclusions

Results obtained from this retrospective analysis indicated that
patients with NM-CTLD had a similar survival outcome with
IPF, but patients with PM/DM-ILD-performed LTx had a
lower survival rate than those with IPF. Therefore, LTx could
be the most important treatment strategy for end-stage NM-
CTLD. However, careful consideration should incorporated
for PM/DM-ILD patients when adding them in the transplant
waiting list. Finally, the reasons for the high mortality rate in
the treatment of PM/DM-ILD using LTx needs further
exploration.
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