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Abstract

Background and objective: Disease-specific outcomes following lung transplantation (LT)
in patients with pulmonary Langerhans cell histiocytosis (PLCH) are not well established. We
queried the Organ Procurement and Transplantation Network database to identify adult PLCH
patients who had undergone LT in the United States.

Methods: Overall survival data were analysed with Kaplan—Meier curves. Cox proportional
hazard model was used to determine the effect of demographic, clinical and physiological
variables on post-transplant survival.

Results: A total of 87 patients with PLCH underwent LT in the United States between October
1987 and June 2017, accounting for 0.25% of the total LT during this period. The mean age at

LT for PLCH patients was 49 years (range: 19-67 years), with a near equal gender distribution.
Bilateral sequential LT was performed in 71 patients (82%). Pulmonary hypertension was present
in 85% of patients, with a mean pulmonary artery pressure of 38.5 + 14.1 mm Hg. The mean pre-
transplant forced expiratory volume in 1 s (FEV7) was 41 + 21% predicted and the mean 6-min
walk distance was 221 + 111 m. Median post-LT survival for PLCH patients was comparable

to patients with other lung diseases (5.1 vs 5.5 years, P=0.76). The actuarial Kaplan-Meier
post-LT survival for PLCH patients was 85%, 65%, 49% and 22% at 1, 3, 5 and 10 years,
respectively. Female sex (hazard ratio (HR): 0.40, 95% CI: 0.22-0.72), pre-transplant serum
bilirubin (HR: 1.66, 95% CI: 1.23-2.26) and serum creatinine (HR: 4.03, 95% ClI: 1.01-14.76)
were independently associated with post-LT mortality in our cohort.
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Conclusion: Post-LT survival in patients with PLCH is similar to patients with other lung
diseases and is significantly affected by patient gender.

Keywords

bronchiolitis obliterans; Langerhans cell histiocytosis; mortality; pulmonary Langerhans cell
histiocytosis; pulmonary hypertension

INTRODUCTION

Lung transplantation (LT) is increasingly being employed in adult patients with advanced
pulmonary diseases.: Pulmonary Langerhans cell histiocytosis (PLCH) is a rare smoking-
related cystic lung disease that can progress to respiratory failure and severe pulmonary
hypertension (PH), but is an infrequent indication of LT worldwide, accounting for only
0.4% of adult primary LT from January 2004 to June 2015.2

PLCH commonly presents with cough, dyspnoea, ‘B’ symptoms or recurrent spontaneous
pneumothorax; however, it may also be asymptomatic and present as an incidental
radiographical finding. Therapeutic options for PLCH are limited, with smoking cessation
being the cornerstone of treatment.3# Continued smoke exposure following diagnosis is
associated with clinical deterioration and shorter survival, while smoking cessation is
associated with decreased risk of lung function deterioration.>8 Despite successful smoking
cessation, a subset of patients with PLCH can progress to respiratory failure, PH and
death.3:56 Median survival from the time of diagnosis in PLCH has been reported as 12.5—
13 years,”® with a remarkable increase in mortality in the subset of patients who develop
le9—11

In patients with advanced PLCH, LT is a viable management option; however, there are
limited data regarding disease-specific outcomes following LT in patients with PLCH.12.13
We evaluated a national organ transplantation database to evaluate post-LT outcomes and
determined the variables that impact post-LT survival in patients with PLCH.

METHODS

We obtained de-identified information regarding all lung transplants performed in the
United States between 1 October 1987 and 30 June 2017 from the Organ Procurement

and Transplantation Network (OPTN) database maintained by the United Network for Organ
Sharing (UNOS). This national database contains information for every transplant that has
occurred in the United States since 1 October 1987. We identified adult (age = 18 years)
PLCH patients from this database by using the following diagnosis codes: eosinophilic
granulomatosis (code 414), Histiocytosis X (code 419) and pulmonary Langerhans cell
histiocytosis (code 441). We also examined the records of patients who underwent LT with
a primary diagnosis code of ‘other’ (code 999), and included patients with the following
diagnoses in the PLCH cohort: Eosinophilic granulomatosis, Histiocytosis, Histiocytosis
X, Langerhans cell histiocytosis, Pulmonary Langerhans Cell, Pulmonary Langerhans Cell
Granulomatosis and Pulmonary histiocytosis. Institutional board review (IRB) and approval
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was not required for this analysis as our IRB deemed this project to be non-human subjects
research.

Demographic, pre-transplant, surgical, post-transplant and donor-related data from the
PLCH cohort were collected for analysis from the OPTN database. Continuous variables
included: age at LT, forced expiratory volume in 1 s (FEV), forced vital capacity (FVC),
6-min walk (6 MW) distance, right heart catheterization (RHC) values, oxygen requirement,
serum bilirubin, serum creatinine, body mass index (BMI) and ischaemic time. These

were summarized using mean and SD. Non-continuous variables included gender, ethnicity,
history of tobacco use, history of bronchiolitis obliterans syndrome (BOS), cytomegalovirus
(CMV) status, type of transplant and chronic steroid use; these variables were analysed

as number and percentage of total. Time spent on the waiting list was summarized using
median and interquartile range. Donor age, gender and ethnicity were also collected.
Presence or absence of PH was determined on the basis of mean pulmonary artery pressure
(MPAP) > 25 mm Hg determined via RHC .14

Survival analysis was performed using Kaplan—Meier curves and calculated for each
primary LT recipient from the day of transplant until death or censor. We also performed a
conditional survival analysis in which LT recipients who had died within the first 12 months
following LT were excluded. Comparisons of Kaplan—Meier survival between different
subgroups were conducted by the log-rank test. The primary outcome of interest for our
analysis was the overall survival following LT in patients with PLCH compared with the
overall post-LT survival in patients with other lung diseases. Finally, we employed a Cox
proportional hazard model to determine the effect of selected pre-transplant demographic,
clinical and physiological variables on post-LT survival. A two-sided P-value of <0.05 was
used to indicate significance. Statistical analyses were performed using R (Institute for
Statistics and Mathematics, Vienna, Austria, version 3.3.3).

Study population

From 1 October 1987 to 30 June 2017, a total of 87 patients with PLCH underwent LT in the
United States, accounting for 0.25% of the 31 902 total primary LT performed during this
period (Fig. 1). The mean age at LT for the PLCH patients was 49 years (range: 19-67) and
51.7% were female recipients. The mean pre-LT FEV for our cohort was 41 + 21%; over
two-thirds of the cohort had pre-LT FEV1 < 50% predicted. Pre-LT 6 MW distance results
were available for 66 patients; mean pre-LT 6 MW distance was 221 + 111 m. Analysable
RHC values were available for a total of 73 patients. PH was present in 85% of these
patients (62/73), with mPAP of 38.5 £ 14.1 mm Hg. The mPAP was =35 mm Hg in 41 of 73
(56%) and was =45 mm Hg in 24 of 73 (33%) patients. Details regarding the demographic,
clinical and physiological characteristics of the LT recipients and donors in our cohort are
summarized in Tables 1 and 2.
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Transplant details

The 87 LT for PLCH were performed at 40 different centres, with 16 centres performing

1 transplant each and 24 centres performing the remaining 71 (median: 2 LT per centre
(range: 1-5)). Mean graft cold ischaemic time was 5.32 + 1.60 h. Bilateral sequential LT
(BSLT) was performed for 82% (71/87) of all PLCH LT. Overall, the proportion of patients
undergoing BSLT increased during the study duration (Fig. 1). There were no heart-lung
transplants performed for PLCH during this period. Twenty patients were transplanted prior
to the initiation of the lung allocation score (LAS) system in May 2005 and 67 patients
were transplanted after the LAS system was instituted. Time spent on the LT waitlist was
significantly shorter following institution of the LAS system compared to the pre-LAS time
period (median time on waitlist: 292.5 days pre-LAS vs 84 days post-LAS, = 0.003).

Study outcomes

One patient underwent LT in June 2017, did not have any recorded follow-up data and
consequently was excluded from the survival analysis. Of the 86 patients included in
survival analysis, 2 (2.3%) were lost to follow-up, 4 (4.6%) required re-transplantation,
30 (34.5%) were alive and 51 (58.6%) had died as of the data censor date of 8 September
2017.

The overall survival following LT was similar in patients with PLCH as compared to

other lung diseases (5.1 vs 5.5 years, P=0.76; Fig. 2). The actuarial Kaplan—Meier post-
LT survival for PLCH patients was 85%, 65%, 49% and 22% at 1, 3, 5 and 10 years,
respectively. Overall conditional survival, assessed after excluding patients who had died in
the first 12 months following LT, was also similar between PLCH patients and patients with
other lung diseases (6.2 vs 7.1 years, 2= 0.31; Fig. S1 in Supplementary Information).

Subgroup analysis of the PLCH cohort showed improved survival in female transplant
recipients compared with male recipients (9.3 vs 3.9 years, 2= 0.0015; Fig. 3). Conditional
survival, assessed after excluding patients who had died in the first 12 months following

LT, also demonstrated improved survival in female LT recipients compared with their male
counterparts (9.3 vs 4.5 years, £=0.003; Fig. S2 in Supplementary Information). There was
no difference in survival after segregating our cohort on the basis of type of LT (single vs
bilateral: 5.4 vs 4.9 years, P=0.69; Fig. S3 in Supplementary Information), presence or
absence of PH (5.1 vs 7.1 years, £=0.34; Fig. S4 in Supplementary Information) or the
time of LT (pre-LAS vs post-LAS: 4.5 vs 5.6 years, P=0.28; Fig. S5 in Supplementary
Information). In addition to female sex, pre-transplant serum bilirubin (hazard ratio (HR):
1.66, 95% ClI: 1.23-2.26) and serum creatinine (HR: 4.03, 95% CI: 1.01-14.76) were found
to be independently associated with the risk of post-LT mortality (Table 3).

BOS was diagnosed in 45 of 78 patients for whom this variable was recorded (Table S1

in Supplementary Information). A total of 51 patients in our cohort had died following

LT; post-LT time and cause of death were available in 44 of these patients (Table S2 in
Supplementary Information). The leading primary causes of death were BOS (14/51, 27%),
respiratory failure (8/51, 16%) and infections (6/51, 12%) (Fig. 4). Four patients required
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re-transplant at 5, 138, 203 and 498 days post-LT. The reasons for re-transplant were:
primary graft failure (1/4), airway complications (1/4) and BOS (2/4).

DISCUSSION

The major findings from our study are: (i) PLCH is an uncommon indication for LT in

the United States, with 87 transplants accounting for 0.25% of all adult primary LT from 1
October 1987 to 30 June 2017; (ii) median survival following LT for PLCH is 5.1 years and
is similar to post-LT survival in other lung diseases; and (iii) post-LT survival in PLCH is
significantly affected by the recipient gender, with females demonstrating a median survival
of 9.3 years compared to 3.9 years in males.

PLCH is a rare, smoking-related diffuse cystic lung disease with a variable course, limited
treatment options and the potential to progress to respiratory failure, severe PH and death.
The exact incidence and prevalence of PLCH are not well known; however, the current
prevalence of PLCH in the United States has been estimated to range between 3986 and
7972 patients.1® Since the first transplant for PLCH in 1993, there have been 87 total
transplants, which equates to 3.6 transplants per year for PLCH, thus suggesting that a

very small percentage of PLCH patients (<1%) progress to needing LT. Disease-specific
outcome data following LT in PLCH is sparse; to our knowledge, post-LT outcomes in
PLCH have been systematically evaluated only in one retrospective study consisting of 39
patients conducted in France.12 While there were differences in the type of transplants in
the two studies (e.g. there were more heart—lung and single lung transplants in the French
study as compared to our cohort), the overall survival estimates from our analysis are largely
similar to the French study: 5-year survival rate of 57% in the French study compared to
5-year survival rate of 49% in our analysis. Our study included more than twice the number
of subjects than the French study, and together these reports provide disease-specific data
that can assist clinicians in counselling and decision-making when evaluating patients with
PLCH.

In our analysis, females had decreased risk of mortality compared to male PLCH LT
recipients (9.3 vs 3.9 years, HR: 0.40, 95% ClI: 0.22-0.72, £=0.002) (Table 3,Fig. 3). The
exact reasons for this gender-based contrast in outcomes remain unknown. It is possible
that this difference is purely due to chance given the overall small patient numbers in our
cohort. However, it is worth noting that improved survival in females following LT has been
previously reported in multiple studies,16-18 as well as the most recent International Society
for Heart and Lung Transplantation (ISHLT) Registry analysis,19 although the magnitude of
difference is markedly increased in our study compared to previous reports. Serum bilirubin
and creatinine were also independently associated with increased risk of post-LT mortality
in our cohort; however, the overall range of serum bilirubin and creatinine in our cohort was
within the normal ranges in the vast majority of the subjects, and as such this relationship is
of doubtful clinical significance.

Infections, graft failure and BOS are the most common causes of death following LT. If
separated into early (within the first 12 months post-LT) versus late (>12 months post-LT)
causes, infections and graft failure account for the majority of early deaths and BOS is
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the most common cause of late mortality.1% The results from our analysis are similar with
infections and graft failure accounting for 63.6% of the deaths (7/11) in the first 12 months
following LT, and BOS being the leading cause of mortality in the time period beyond

the first 12 months (14/40, 35%) (Table S2 in Supplementary Information). Following LT,
BOS is estimated to affect approximately half of the LT recipients at 5 years, and roughly
three-fourths at 10 years.1® The overall prevalence of BOS in our cohort was similar to
these estimates (Table S1 in Supplementary Information), thus lending further support to the
importance of BOS as the primary cause of post-LT mortality and morbidity.

PH is a frequently encountered complication of PLCH, can be seen in both early as well as
advanced cases and portends a poor prognosis.®~11 The exact mechanisms of development
of PH in patients with PLCH are not well established; proposed hypotheses include

direct invasion of the pulmonary arteries by immune cells, pulmonary vasculopathy due

to activated immune system, hypoxic pulmonary vasoconstriction and vascular remodelling
due to concomitant cigarette smoke exposure.1l PH was present in 85% of our cohort with
56% of the patients having severe PH (mPAP = 35 mm Hg), similar to the estimates reported
in the French PLCH LT cohort, where PH and severe PH were reported in 92% and 72% of
the cohort, respectively.12 The prevalence of PH in our cohort was higher than other pre-LT
chronic lung diseases such as cystic fibrosis (CF), chronic obstructive pulmonary disease
(COPD), idiopathic pulmonary fibrosis, sarcoidosis and lymphangioleiomyomatosis.20-24
Despite an increased prevalence of PH, the presence of PH did not seem to impact post-LT
survival in patients with PLCH, similar to the majority of the other advanced lung diseases,
with the exception of COPD.20-22.25

Recommendations regarding the optimal timing for patient referral and listing for LT in
patients with CF, interstitial lung diseases, pulmonary vascular diseases and COPD have
been provided in a recent ISHLT consensus statement.2® We are unable to provide disease-
specific recommendations for PLCH patients with regards to the optimal timing of LT
referral based on our analysis. We do, however, suggest that given the poor prognosis
associated with the development of PH in patients with PLCH, and acceptable post-LT
survival in PLCH patients with concomitant PH, consideration for LT referral is warranted in
patients with PLCH and concomitant PH.

The 87 PLCH transplants were performed at 40 different centres over nearly three decades,
with the majority being in the past 15 years. In 2005, the United States started to utilize

the LAS system to determine the priority for the need of LT in patients on the transplant
waitlist.2” The transition to LAS has resulted in a reduction in the time spent on LT waitlist
as well as the waitlist mortality; however, the impact of the institution of the LAS system
on post-LT mortality is not clear.28-31 Qur results are consistent with these results and
demonstrate a reduction in the time spent on LT waiting list from 292.5 to 84 days (P=
0.003) post-institution of the LAS system, with no impact on post-LT survival.

Our study is the first to evaluate LT for PLCH in the United States, is the largest study

to date of patients with PLCH undergoing LT and provides disease-specific outcome data
following LT in patients with this disease. The major limitations of our analysis are related
to missing variables in the database that may be of relevance to the PLCH population. For
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instance, we were unable to determine the presence and extent of extra-thoracic disease, the
effect of prior pleural symphysis procedures on post-LT outcomes and the risk of disease
recurrence after LT. Despite this being the largest study to evaluate LT outcomes in PLCH,
the overall sample size was small, thus limiting the ability to reach definitive conclusions on
some of our analyses.

In conclusion, primary LT for advanced PLCH is associated with similar survival to patients
with other lung diseases and remains a viable management option for patients with advanced
disease. Recipient gender may impact survival with LT in patients with PLCH. Future
research should focus on determining the variables that can help predict optimal timing for
transplant referral in individual PLCH patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BOS bronchiolitis obliterans syndrome
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HR hazard ratio

ISHLT International Society for Heart and Lung Transplantation
LAS lung allocation score

LT lung transplantation

mPAP mean pulmonary artery pressure

OPTN Organ Procurement and Transplantation Network
PH pulmonary hypertension

PLCH pulmonary Langerhans cell histiocytosis
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RHC right heart catheterization
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SUMMARY AT A GLANCE

We studied post-lung transplantation survival and clinical outcomes in patients with
pulmonary Langerhans cell histiocytosis (PLCH) from a national transplantation database
in the United States. Median post-transplant survival in patients with PLCH is
approximately 5 years, similar to other chronic lung diseases undergoing transplantation,
and significantly affected by patient gender.
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Figure 1.
Histogram depicting the number of primary lung transplantation (LT) procedures performed

in patients with pulmonary Langerhans cell histiocytosis (PLCH) in the United States. The
first reported lung transplant for PLCH was performed in August 1993 and the most recent
was performed in June 2017. OJ, Single LT; O, bilateral sequential LT.
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Figure2.
Kaplan—Meier curve demonstrating the probability of survival after primary lung

transplantation (LT) in pulmonary Langerhans cell histiocytosis (PLCH) (_) compared with
the LT survival in non-PLCH () patients. The comparisons were performed by using the
log-rank test. There was no statistically significant difference between the two groups in
median survival (5.1 vs 5.5 years, £=0.76).
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Figure 3.

Kaplan—Meier curve demonstrating the probability of survival after primary lung
transplantation (LT) in pulmonary Langerhans cell histiocytosis (PLCH) patients after
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segregating on the basis of gender (_, female; , male). The comparisons were performed
by using the log-rank test. There was a statistically significant survival difference between

the two groups in favour of females (median survival: 9.3 vs 3.9 years, Z=0.0015).
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1e

Bar graph depicting the primary cause of mortality in the 51 PLCH patients who died after
LT in our cohort. ARDS, acute respiratory distress syndrome; BOS, bronchiolitis obliterans
syndrome; LT, lung transplantation; PLCH, pulmonary Langerhans cell histiocytosis; PTLD,
post-transplant lymphoproliferative disorder.
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Table 1

Demographic, clinical and physiological characteristics of our cohort

Variable Mean (SD) or n (%)
Number of patients 87
Female 45 (51.7%)
Ethnicity

Caucasian 82 (94.2%)

African American 4 (4.6%)

Hispanic 1(1.2%)
Age at LT (years) 49.4 (9.6)
Type of transplant

Single 16 (18.4%)

Bilateral 71 (81.6%)
Ischaemic time, h (n=78) 5.31(1.59)
History of tobacco use (7= 86)

Yes 73 (84.9%)

No 13 (15.1%)
BMI (kg/m?) 25.58 (4.5)
Chronic steroid use (7= 85)

Yes 37 (43.5%)

No 45 (52.9%)

Unknown 3(3.6%)
Supplemental oxygen requirement pre-transplant (77 = 82)

Yes 77 (93.9%)

No 5 (6.1%)
Oxygen requirement (L/min) 5(3.72)
Total bilirubin (mg/dL) (7= 81) 0.74 (1.07)
Serum creatinine (mg/dL) (n= 86) 0.85 (0.22)
6-Min walk distance, m (7= 66) 221 (111)
Diabetes (7= 86)

Yes 11 (12.8%)

No 75 (87.2%)
FEV{, % predicted (7= 83) 41 (21)

FEV, (% predicted)

<50 58 (70%)

50-70 14 (17%)

>70 11 (13%)
FVC, % predicted (7= 83) 58.5 (19.9)
FVC (% predicted)

<50 26 (31%)

50-70 32 (39%)

>70 25 (30%)

Respirology. Author manuscript; available in PMC 2021 December 05.

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

WAJDA et al.
Variable Mean (SD) or n (%)
mPAP, mm Hg (7= 73) 385+14.1
mPAP (mm Hg)
<25 11 (15.1%)
25-35 21 (28.8%)
>35 41 (56.1%)
Cardiac output (L/min) (n=66) 5.09 (1.39)
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BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LT, lung transplantation; mPAP, mean pulmonary artery

pressure.
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Characteristics of the 87 lung donors

Variable

Mean (SD) or n (%)

Donor age at LT, years
Female
Donor ethnicity
Caucasian
African American
Hispanic
Asian
D and R gender
D female-R female
D female-R male
D male-R male
D male-R female
D and R CMV status (/7= 79)
Either D or R unknown
D+/R+
D+/R-
D-/R+
D-/R-

34.6 (14.2)
45 (51.7%)

59 (67.8%)
18 (20.7%)
8 (9.2%)
2 (2.3%)

31 (35.6%)
14 (16.1%)
28 (32.2%)
14 (16.1%)

8 (10.1%)
25 (31.6%)
13 (16.5%)
23 (29.1%)
10 (12.7%)

Table 2

CMV, cytomegalovirus; D, donor; LT, lung transplantation; R, recipient.
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Results from Cox proportional hazard model analysing the association between selected pre-transplant

variables and post-transplant mortality

Table 3

Covariate HR 95% ClI P-value
Single LT (vs bilateral LT) 0.87 0.45-1.71 0.69
Female (vs male) recipient 0.40 0.22-0.72 0.002
Recipient age 1.00 0.97-1.03 0.87
BMI 1.00 0.94-1.06 0.89
FEV; 1.00 0.99-1.02 0.51
FvC 0.99 0.99-1.01 0.93
6-Min walk 0.99 0.99-1.00 0.10
Mean pulmonary artery pressure  1.00 0.98-1.03  0.76
Cardiac output 1.04 0.76-1.43 0.79
Ischaemic time 0.99 0.82-1.20 0.94
Donor age 1.00 0.97-1.20 0.87
Serum bilirubin 166 1.23-2.26  0.0008
Serum creatinine 4.03 1.01-14.76 0.035

BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HR, hazard ratio; LT, lung transplantation.
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