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Abstract

Background: Life-long immunosuppressive therapy after lung transplantation (LT) may lead to
end-stage renal disease (ESRD), requiring renal replacement therapy (RRT). We aimed to
investigate the characteristics and long-term outcomes of patients undergoing LT and requiring
RRT.

Methods: This study was a single-center, retrospective cohort study. The patients were divided
into the RRT (n = 15) and non-RRT (n = 170) groups. We summarized the clinical features of
patients in the RRT group and compared patient characteristics, overall survival, and chronic lung
allograft dysfunction (CLAD)-free survival between the two groups.

Results: The cumulative incidences of ESRD requiring RRT after LT at 5, 10, and 15 years were
0.8%, 7.6%, and 25.2%, respectively. In the RRT group, all 15 patients underwent hemodialysis
but not peritoneal dialysis, and two patients underwent living-donor kidney transplantation. The
median follow-up period was longer in the RRT group than in the non-RRT group (P < 0.001).
The CLAD-free survival and overall survival did not differ between the two groups. The 5-year
survival rate even after the initiation of hemodialysis was 53.3%, and the leading cause of death
in the RRT group was infection.

Conclusions: Favorable long-term outcomes can be achieved by RRT for ESRD after LT.

Key words: lung transplantation, dialysis, living-donor kidney transplantation, end-stage renal

disease, renal replacement therapy
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Abbreviations:

BMI, body mass index; CLAD, chronic lung allograft dysfunction; CNI, calcineurin inhibitor;
ESRD, end-stage renal disease; FEV1, forced expiratory volume in 1 second; HD, hemodialysis;
ICU, intensive care unit; ISHLT, International Society for Heart and Lung Transplantation; KT,
kidney transplantation; LAS, lung allocation score; LDKT, living-donor kidney transplantation;
LDLLT, living-donor lobar lung transplantation; LT, lung transplantation; OS, overall survival,

PGD, primary graft dysfunction; RRT, renal replacement therapy.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Tomioka et al.

Introduction

Lung transplantation (LT) is the only effective and standard therapeutic option for various end-
stage lung diseases [1]. Life-long immunosuppressive therapy is required to prevent chronic lung
allograft dysfunction (CLAD), which is the main cause of late mortality after LT [2-4]. However,
long-term immunosuppression is associated with an increased likelihood of end-stage renal disease
(ESRD), because calcineurin inhibitor (CNI) is a nephrotoxic agent [5-9]. ESRD increases the risk
of mortality by four-to-five-fold after LT [6]. According to the registry report from the International
Society for Heart and Lung Transplantation (ISHLT), ESRD requiring renal replacement therapy
(RRT), which includes dialysis and kidney transplantation (KT), develops in 1.4%, 3.3%, and 9.9%
of patients within 1 (1.4% on dialysis), 5 (2.8% on dialysis), and 10 years (6.4% on dialysis) after
LT, respectively [10].

ESRD and dialysis in recipients of LT may result in intricate and pivotal clinical
consequences. Fluid retention accompanied by ESRD has limited tolerability in lung allografts
especially among patients undergoing dialysis [6, 11], possibly leading to lung allograft failure
[12]. Denervated lung allografts lack the potential to autoregulate blood flow and drain excess
alveolar fluid through the lymphatic system [12]. Therefore, KT has been more aggressively
implemented in the management of ESRD after LT than long-term dialysis in the United States
and Europe [12-14]. In contrast, patients with ESRD can readily access dialysis due to its coverage
by the national healthcare system in Japan [15]. Japan has the second largest prevalence of dialysis
per population [16]. Additionally, ethnic differences, which are represented by single-nucleotide
polymorphisms (SNPs), may affect the long-term development of ESRD after LT [6, 17]. The
number of long-term survivors of ESRD after LT has been increasing with a growing number of

LT in Japan. However, the clinical characteristics and outcomes of patients with ESRD requiring
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RRT after LT remains unknown in the chronic phase after LT in Japan. To date, only the outcomes
of patients who required RRT for acute kidney injury in the early phase after LT have been reported
in Japan [18]. In this study, we investigated the clinical characteristics and outcomes of patients

with ESRD who required RRT in the chronic phase after LT.

Patients and methods

Patients

This retrospective cohort study included 204 recipients who underwent LT at Okayama University
Hospital between October 1998 and March 2020, excluding 19 recipients who died within 1 year.
The remaining 185 recipients were grouped into recipients who required RRT in the chronic phase
after LT (RRT group, n = 15) and those who did not require RRT in the chronic phase after LT
(non-RRT group, n = 170). The pre-, intra-, and postoperative characteristics of the recipients were
retrospectively collected from the institutional database and medical records on March 31, 2021.
Information on the following preoperative characteristics of the recipients were collected: patient
age, sex, body mass index (BMI), diagnosis, lung allocation score (LAS), cytomegalovirus
mismatch, lung donor type (living donor, deceased donor, or hybrid, which is simultaneous living-
donor LT and cadaveric LT on each side), and pre-transplant creatinine level. Information on
intraoperative recipient characteristics, including the lung transplant procedure (single or bilateral),
operative time, ischemic time, and cardiopulmonary bypass use, were obtained. Information
collected on postoperative recipient characteristics included the maximum grade of primary graft
dysfunction (PGD), incidence of acute rejection, incidence of antibody-mediated rejection, overall
survival (OS), and CLAD after LT. Additionally, information on pre- and postoperative

comorbidities (diabetes mellitus, hypertension, dyslipidemia and hyperuricemia), initial dialysis
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(scheduled or emergency), time to dialysis after LT, survival after dialysis, and KT after LT, were
obtained. To establish the preoperative condition of the recipients, the LAS of each patient was
calculated retrospectively using information provided during registration on the LT waiting list.
The tool used for calculating the LAS was the lung composite allocation score (CAS) calculator,
which was published on the Organ Procurement and Transplantation Network (OPTN) website
(https://optn.transplant.hrsa.gov/data/allocation-calculators/lung-cas-calculator/) in July 2020.
PGD grades were assigned based on the definition of PGD proposed in the consensus report of the
ISHLT [19]. CLAD was diagnosed using the classification system proposed by ISHLT [20].
CLAD-free survival was defined as the time from LT to CLAD diagnosis, and the data were
censored at the date of death. OS was defined as the time from LT to the date of death. This study
was conducted with the approval of the Institutional Review Board of Okayama University
Hospital (No. 2109-003). Patients provided informed consent by indicating their decision to
participate or withdraw on a website. All methods were performed according to relevant guidelines

and regulations.

Procedure

The organ donation allocation system for brain-dead donors is mainly based on waiting time,
because Japan has not yet applied the LAS system. Critically ill patients who cannot afford to
wait for cadaveric LT require living-donor lobar lung transplantation (LDLLT). Patients with
LDLLT must be <70 years of age and meet conventional criteria for cadaveric LT. Patients
requiring cadaveric LT are registered with the Japan Organ Transplantation Network. Our

institution only accepts third-degree blood relatives or spouses as living donors. The size-
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matching protocol and transplant procedures have been described previously [21]. Graft ischemic

time was defined as the ischemic time of the second transplanted lung.

Postoperative care

Postoperative management, including immunosuppressive and prophylactic treatments for viral
and fungal infections, has been previously described [22]. Immunosuppressive therapy comprised
the use of CNI (including tacrolimus and cyclosporine), mycophenolate mofetil or azathioprine,
and corticosteroids. The CNI was first administered by the enteric route through a nasogastric
tube between 1998 and 2010, and by intravenous administration between 2011 and 2021,
followed by oral administration [23, 24]. Target trough levels for tacrolimus and cyclosporine
were 10-15 ng/ml and 250-350 ng/ml, respectively, in the first 3 months after LT, 8-12 ng/ml
and 200-300 ng/ml, respectively, in the subsequent 3 months, and 7-10 ng/ml and 150-250
ng/ml, respectively, thereafter. Diabetes mellitus after LT was treated in accordance with the
treatment guidelines for type 2 diabetes mellitus [25], and vigilant monitoring was required for
potential drug-drug interactions and infections associated with immunosuppressive therapy. For
the treatment of hypertension, amlodipine and nifedipine were preferred. Dyslipidemia was
treated with statin therapy to decrease cardiovascular risk. Hyperuricemia was treated with
xanthine oxidase inhibitors, such as febuxostat and allopurinol.

According to the definition proposed by the ISHLT, PGD grades were determined upon
intensive care unit (ICU) admission after LT and 24, 48, and 72 hours after admission [19]. Acute
rejection episodes were defined as episodes requiring intravenous corticosteroid infusion therapy
for three consecutive days. CLAD was diagnosed by a decline in the forced expiratory volume in

1 second (FEV1) to 80% of the baseline, as defined by the ISHLT classification system [20]. The
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baseline FEV1 value was approximated as the mean of the two best FEV1 values measured at
least 3 weeks apart [20]. For the differential diagnosis of CLAD, chest radiography, chest
computed tomography, pulmonary function tests, blood examinations, electrocardiography, lung

ventilation scintigraphy [26], and lung perfusion scintigraphy [27] were also performed.

Statistical analyses

We performed a univariate analysis between patients in the two groups. Categorical variables
were expressed as the number of cases and percentages, whereas continuous variables were
expressed as medians and ranges. Categorical variables were compared using Fisher’s exact
probability test, and continuous variables were compared using the Mann-Whitney U test.
CLAD-free survival and OS were analyzed using the Kaplan—Meier method and compared using
the log-rank test. All statistical analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria) [28]. More precisely, it is a modified
version of the R commander that incorporates additional statistical functions frequently used in

biostatistics. All P-values were two-sided, and statistical significance was set at P <0.05.

Results

Of the 185 patients, 15 (8.1%) patients developed ESRD requiring chronic dialysis. The
cumulative incidence of ESRD requiring dialysis at 5, 10, and 15 years were 0.8%, 7.6%, and
25.2%, respectively (Fig. 1). The characteristics of patients in the two groups are presented in
Table 1. The graft ischemic time was shorter in the RRT group than in the non-RRT group (P =

0.041) due to the relatively higher rate of LDLLT in the RRT group. The percentages of known
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risk factors for CKD, including diabetes mellitus, hypertension, dyslipidemia and hyperuricemia,
did not differ between the two group in the preoperative phase, during the admission for LT, and
in the chronic phase after LT, except for the percentage of preoperative hyperuricemia. There was
no significant difference in the use of CNI between two groups.

The clinical characteristics of the RRT group are summarized in Table 2. In the RRT
group, all 15 patients underwent chronic hemodialysis (HD) but not peritoneal dialysis. Whereas
six patients underwent emergency HD, the remaining nine patients underwent scheduled HD. The
median interval between LT and the initiation of HD was 11.5 (4.4-17.7) years. Nine (60.0 %)
recipients developed CLAD, and seven (46.7 %) patients developed CLAD before the initiation
of HD. Two patients (Cases 2 and 15) underwent living-donor KT (LDKT). The intervals
between LT and KT were 13.5 years in Case 2 and 18.5 years in Case 15. The intervals between
hemodialysis and KT were 1.9 years in Case 2 and 4.0 years in Case 15. Six patients died during
the observation period; five (83.3%) of these patients died of infective causes, such as sepsis,
pneumonia, and aspergillosis. Twelve (80.0%) patients mainly underwent follow-up at a local
hospital after LT.

The 5-, 10-, and 15-year CLAD-free survival rates of the RRT group were 73.3%, 57.0%,
and 47.5%, respectively. These rates were similar to those of the non-RRT group (P = 0.473)
(Fig. 2). As shown in Fig. 3, no difference in the OS rates was observed between the two groups
(P =0.694). The 5-, 10-, and 15-year OS rates in the RRT group were 100%, 79.0%, and 63.2%,
respectively. Additionally, the 1-, 3-, and 5-year survival rates after the initiation of HD in the
RRT group were 93.3%, 77.8%, and 53.3%, respectively (Fig. 4). The survival rates after the
initiation of HD did not differ between the patients who underwent emergency and scheduled HD

(P =0.805, Supplementary Fig. S1).
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Discussion

In this study, we found that long-term survivors of LT might develop ESRD as a chronic
complication, necessitating RRT. However, the patients with RRT demonstrated favorable
CLAD-free survival and OS similar to the patients without RRT after LT. The 5-year survival
rate even after the initiation of HD showed a favorable outcome, and the leading cause of death
was infection among patients with RRT. Our results suggest that even when the recipients of LT
require RRT for ESRD in the chronic phase, RRT with careful monitoring for infection may
provide favorable long-term outcomes in Japan.

The cumulative incidence of ESRD requiring RRT at 10 years after LT in our study (7.6%)
tended to be lower than that in the ISHLT registry report (9.9%) [10]. Our results might be
corroborated by the fact that Asians have a lower risk of ESRD requiring RRT than Caucasians
[6]. With respect to patient characteristics, the RRT group had significantly shorter ischemic time
and longer follow-up period than the non-RRT group after LT in our study. These results were
reflected by the relatively high rate of LDLLT in the RRT group, because LDLLT was
aggressively performed before the revision of the Organ Transplant Act in 2010 in Japan and the
survivors of LDLLT tended to have long follow-up period. ESRD has been shown to develop
over time after LT [6], and long-term survival rates after LT in Japan are known to be better than
those of the ISHLT registry report [1, 29]. Accordingly, the number of long-term survivors of LT
with ESRD are increasing in Japan. Physicians should pay attention to the introduction of RRT
for ESRD in the chronic phase after LT.

Therapeutic intervention for CKD after LT includes the management of known risk factors

for CKD, such as diabetes mellitus, hypertension, dyslipidemia, and hyperuricemia, and the
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patient education regarding salt and fluid intake as well as the avoidance of nonsteroidal anti-
inflammatory drugs [12, 29]. In the present study, the prevalence of known risk factors for CKD
did not differ between the two groups, except for preoperative hyperuricemia. Our results might
be attributed to our strategy of early intervention for known risk factors for CKD after LT. In the
patients with CKD after LT, we minimize the use of nephrotoxic agents and reduce the dose of
CNI with increasing the dose of mycophenolate mofetil if possible [12, 29]. Furthermore, m-
TOR inhibitors, including sirolimus and everolimus, would be a therapeutic option, if they were
covered for immunosuppressive agents after LT by the national health insurance program in
Japan [29].

Only two of 15 recipients undergoing chronic HD after LT underwent LDKT and remain
alive in our study. Compared with dialysis, KT improves survival in patients with ESRD [30, 31]
with or without non-renal organ transplantation [6, 14]. Moreover, LDKT after LT has been
shown to offer better long-term survival [12]. Since the average waiting time for KT from
deceased donors is more than 14 years due to the severe donor shortage in Japan [32], LDKT
may be a feasible option for patients who develop ESRD after LT, particularly for those who
have stable lung allograft function. Especially, the availability of living-donors for LDKT would
be limited for the survivors of LDLLT due to the history of living lung donation. ABO blood
type-incompatible LDKT, which is commonly performed for LDKT, might be a solution to this
issue.

While nine of 15 (60.0 %) patients with RRT developed CLAD, the CLAD-free survival
did not differ between the RRT and non-RRT groups after LT. Notably, four of seven recipients
had already developed CLAD before the initiation of HD and died during the observation period.

The initiation of HD might negatively affect the disease progression of CLAD due to limited

11
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tolerability for fluid retention in denervated lung allografts [6, 11]. Attention should be paid to
fluid overload especially in the initiation of HD for the patients with CLAD after LT [33]. Our
results might lend a support that survival of patients on the waiting list for KT after LT is
determined by the progression of lung disease but not renal pathology [13]. Therefore, despite
further deterioration of renal function, immunosuppressive therapy should be maintained to
prevent disease progression of CLAD. Given the increasing number of patients with ESRD and
CLAD after LT, concurrent lung and kidney transplantations from deceased donors should be
considered for implementation in Japan as in the other countries.

No significant difference in the OS was observed between the RRT and non-RRT groups
after LT in our study. Furthermore, the 5-year survival rate even after the initiation of HD
showed a favorable outcome (53.3%), compared with the previous results of a median survival of
5 months [34] or 37.1 months [14] after LT for patients requiring dialysis after LT. Our results
would be attributed to the unique situation of dialysis in Japan, where the national health
insurance system covers most costs of dialysis treatment [15] and the survival rate of dialysis
patients is the highest in the world [35]. Although the emergency introduction of HD is
associated with a poor prognosis [36], patients undergoing emergency HD had similar survival
after the initiation of HD to patients undergoing scheduled dialysis in our study. Nevertheless,
careful follow-up and early prophylactic HD for patients with ESRD would lead to lower
mortality and better quality of life [36].

Consistent with previously reported results [37], infection was the leading cause of death in
patients undergoing RRT after LT in our study. Impairment of the typical response of the innate
and adaptive immune systems in ESRD is associated with increased susceptibility to infections

and poor vaccine response [37, 38]. Moreover, chronic immune activation leads to a pro-
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inflammatory milieu [39-41], contributing to the progression of atherosclerosis and
cardiovascular diseases [42]. Notably, the three oldest patients in our study (Cases 10, 13, and
14) died within 2 years of the initiation of HD. In addition to the ESRD-induced immune
changes, our results might lend support to age-based changes in immune responses, i.e. immuno-
senescence, in elderly patients [43-45], including replicative senescence, weakened thymic
function, and modified cytokine secretion patterns [46].

This study had several limitations. First, the number of LT recipients was small in this
study. Therefore, a nationwide study will be required in the future. Second, most of the patients
did not receive KT due to the severe donor shortage and easy access to HD in Japan. Therefore,
the outcomes of LT may vary when the number of KT increase. Third, the RRT group better
corresponded to the long-term survivors of LT who had longer follow-up periods than the non-
RRT group, leading to a potential bias for survival analysis. However, since this study is the first
report of long-term outcomes of patients who undergo RRT for ESRD after LT in Japan, our

results would provide essential information for long-term management after LT.

Conclusions

Long-term survivors of LT might develop ESRD requiring RRT. However, the CLAD-free
survival and OS were similar between the RRT and non-RRT groups. Favorable long-term
outcomes can be achieved by RRT even in patients developing ESRD after LT. Additionally,
patients undergoing RRT after LT should be carefully monitored to prevent development of

infections.
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Table 1. Characteristics of recipients in the RRT and non-RRT groups

Variables (’\II\IOZT;?OT) (NR:RIS) P value
Preoperative variables
Age, years, median (range) 35.5 (1.0-68.0) 32.0 (16.0-64.0) 0.807
Sex (female), n (%) 102 (60.0%) 12 (80.0%) 0.169
Body mass index, kg/m?, median (range) 17.7 (10.5-28.8) 18.3 (14.7-29.0) 0.494
Diagnoses 0.081
Interstitial lung disease 51 (30.0%) 2 (13.3%)
Pulmonary hypertension 32 (18.8%) 6 (40.0%)
Pulmonary graft-versus-host disease 30 (17.6%) 1 (6.7%)
Lymphangioleiomyomatosis 13 (7.6%) 4 (26.7%)
Chronic obstructive pulmonary disease 10 (5.9%) 0 (0.0%)
Other diseases 24 (14.1%) 2 (13.3%)
Lung allocation score, median (range) 40.8 (22.1-100.0) 38.4 (30.2-72.2) 0.442
CMV mismatch (recipient negative/donor positive) 17 (10.0%) 0 (0.0%) 0.368
Lung donor 0.093
Living donor 75 (44.1%) 10 (66.7%)
Deceased donor 93 (54.7%) 5 (33.3%)
Hybrid 2 (1.2%) 0 (0.0%)
Pretransplant creatinine (mg/dl), median (range) 0.58 (0.10-1.72) 0.55 (0.32-0.89) 0.736
Preoperative diabetes mellitus, yes 16 (9.4%) 1 (6.7%) 1
Preopeartive hypertension, yes 35 (20.6%) 1 (6.7%) 0.310
Preoperative dyslipidemia, yes 12 (7.1%) 2 (13.3%) 0.316
Preoperative hyperuricemia, yes 6 (3.5%) 3 (20.0%) 0.027
Intraoperative variables
Lung transplant procedure 0.740
Single 36 (21.2%) 1 (6.7%)
Bilateral 134 (78.8%) 14 (93.3%)
Operative time (min), median (range) 460.0 (219.0-1174.0)  478.5 (252.0-563.0) 0.939
Ischemic time (min), median (range) 332.0 (74.0-787.0) 192.0 (89.0-665.0) 0.041
Cardiopulmonary bypass use, yes 133 (78.2%) 14 (93.3%) 0.314
Postoperative variables
Maximum grade of PGD (0-72h), median (range) 2 (0-3) 2 (0-3) 0.845
Acute rejection, yes 74 (43.5%) 8 (53.3%) 0.281
Antibody-mediated rejection, yes 12 (7.1%) 2 (13.3%) 0.316
Diabetes mellitus during the admission for LT, yes 39 (22.9%) 1 (6.7%) 0.198
Hypertension during the admission for LT, yes 139 (81.8%) 13 (86.7%) 1
Dyslipidemia during the admission for LT, yes 33 (19.4%) 5 (33.3%) 0.197
Hyperuricemia during the admission for LT, yes 11 (6.5%) 2 (13.3%) 0.284
Calcineurin inhibitor 0.317
Tacrolimus 136 (80.0%) 10 (66.7%)
Cyclosporine 34 (20.0%) 5 (33.3%)
Diabetes mellitus in the chronic phase, yes 29 (17.1%) 3 (20.0%) 0.727
Hypertension in the chronic phase, yes 127 (74.7%) 14 (93.3%) 0.125
Dyslipidemia in the chronic phase, yes 43 (25.3%) 7 (46.7%) 0.124
Hyperuricemia in the chronic phase, yes 31 (18.2%) 4 (26.7%) 0.490
Kidney transplantation after lung transplantation, yes 0 (0.0%) 2 (13.3%) 0.006

Data are presented as n, median (range) or n (%). CMV, cytomegalovirus; LT, lung transplantation; PGD, primary graft

dysfunction; RRT, renal replacement therapy
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Table 2. Characteristics of LT recipients requiring RRT

T ¢ Proced Scheduled or  Follow-up ;?eﬂto Survival OgiitDOf CfLAD'
Case Age Sex Diagnosis yE_T_ o ro:;zeure CNI emergency HD _pt_e_riod after |niti:; ?I_r after HD KT  CLAD before or su:\?i?/al Outcome  Cause of death  Follow-up hospital
for initial HD initial LT (y) % (y) after HD )
1 29 F GVHD LDLLT  Bilateral TAC Scheduled 20.9 17.7 3.2 No Yes Before 15.7 Alive Transplant center
2 23 F LAM LDLLT  Bilateral TAC Emergency 20.5 11.5 8.9 Yes No No 205 Alive Local hospital
3 25 F CF LDLLT  Bilateral CYA Scheduled 18.9 15.4 35 No Yes Before 7.0 Dead Pneumonia Local hospital
4 38 F PH LDLLT  Bilateral TAC Scheduled 12.1 6.8 54 No Yes Before 4.1 Dead Sepsis Local hospital
5 30 F LAM CLT Bilateral CYA Scheduled 17.5 14.2 3.3 No Yes After 16.1 Alive Local hospital
6 35 F PH LDLLT  Bilateral TAC Scheduled 15.6 13.2 25 No No No 15.6 Alive Local hospital
7 32 F PH LDLLT Bilateral TAC  Emergency 127 8.6 41 No Yes Before 7.6 Dead He?&i‘g”'e' Local hospital
8 32 F LAM LDLLT  Bilateral TAC Emergency 14.2 13.2 11 No No No 14.2 Alive Local hospital
9 16 F PH LDLLT  Bilateral TAC Scheduled 14.2 6.5 7.7 No Yes Before 2.1 Alive Transplant center
Hemoptysis from
10 40 F LAM CLT Single TAC Scheduled 7.6 6.0 1.6 No No No 7.6 Dead native lung Local hospital
(Aspergillosis)

11 33 F LCH LDLLT  Bilateral CYA Scheduled 14.0 13.5 0.5 No Yes After 13.9 Alive Local hospital
12 32 F ILD CLT Bilateral CYA Emergency 10.4 6.9 35 No Yes Before 0.6 Alive Transplant center
13 57 M PH CLT Bilateral TAC Scheduled 6.4 4.4 20 No Yes Before 6.4 Dead Sepsis Local hospital
14 64 M ILD LDLLT  Bilateral TAC Emergency 5.8 55 0.3 No No No 5.8 Dead Sepsis Local hospital
15 23 M CLAD CLT Bilateral CYA Emergency 19.9 14.5 5.4 Yes No No 6.2 Alive Local hospital

Data are presented as n, median (range) or n (%). CF, cystic fibrosis; CLAD, chronic lung allograft dysfunction; CLT, cadaveric lung transplantation; CMV, cytomegalovirus; CNI, calcineurin inhibitor; CYA,
cyclosporine; F, female; GVHD, graft-versus-host disease; HD, hemodialysis; ILD, interstitial lung disease; KT, kidney transplantation; LAM, lymphangioleiomyomatosis; LCH, langerhans cell histiocytosis;
LDLLT, living-donor lobar lung transplantation; M, male; PGD, primary graft dysfunction; PH, pulmonary hypertension; RRT, renal replacement therapy;TAC, tacrolimus
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Figure legends

Figure 1. Cumulative incidence of end-stage renal disease (ESRD) requiring dialysis. The
cumulative incidences of ESRD at 5, 10, 15, and 20 years after lung transplantation were 0.83%,
7.6%, 25.2%, and 35.0%, respectively.
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1 Figure 2. Kaplan—Meier curve for the overall survival rate in the renal replacement therapy
2 (RRT) group and the non-RRT group after lung transplantation. No difference was observed

3 between the two groups (p = 0.694).
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Figure 3. Kaplan—Meier curves for chronic lung allograft dysfunction (CLAD)-free survival rate
in the renal replacement therapy (RRT) group and non-RRT group after lung transplantation. No

difference was observed between the two groups (p = 0.473).

100
| “h — Non-RRT (n =170)
9 — RRT (n=15)
o 80
(1] i
.
2 60-
S
a l'|—+|-|—|-
@ 40 A
£ p =0.473
2
1 20
&
0 —
- - - 1 - - 1+ & T 1
0 5 10 15
Number at risk Years after Transplantation
Non-RRT 170 79 30 12
RRT 15 11 6 4

26



Tomioka et al.
1 Figure 4. Kaplan—Meier curve for the survival rate after the initiation of hemodialysis in lung
2 transplant recipients with end-stage renal diseases. The 1-, 3-, and 5-year survival rates were

3 93.3%, 77.8%, and 53.3%, respectively.
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1 Supplementary Figure S1. Kaplan—Meier curve for the survival rate in lung transplant
2 recipients with end-stage renal disease (ESRD) requiring dialysis according to the scheduled
3 dialysis group or emergency dialysis group. The survival rate was not different between the two

4 groups (p = 0.805).
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