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LUNG TRANSPLANTATION FOR PULMONARY SARCOIDOSIS

Keith C. Meyer
Department of Medicine, Section of Pulmonary and Critical Care Medicine, University of Wisconsin School of Medicine and Public
Health, Madison, Wisconsin, United States

AsstrAcT. Although relatively few patients with pulmonary sarcoidosis develop advanced disease that pro-
gresses to respiratory insufficiency despite receiving best practice pharmacologic interventions, lung transplanta-
tion may be the only therapeutic option for such patients to both prolong survival and provide improved quality
of life. Lung transplant can be successfully performed for patients with end-stage pulmonary sarcoidosis, and
post-transplant survival is similar to that for other transplant indications such as idiopathic pulmonary fibrosis.
However, appropriate timing of referral, comprehensive assessment of potential candidates for lung transplant,
placement of patients on the lung transplant waiting list when within the transplant window as appropriate,
choosing the best procedure (bilateral versus single lung transplant), and optimal peri-operative and post-trans-
plant management are key to successful lung transplant outcomes for patients with sarcoidosis. (Sarcoidosis Vasc

Diffuse Lung Dis 2019; 36 (2): 92-107)

KEy worps: lung transplantation, sarcoidosis, interstitial lung disease, pulmonary fibrosis

INTRODUCTION

Sarcoidosis is a granulomatous, multi-system
disease characterized by a wide variety of clinical
presentations and phenotypes (1-4). While sarcoido-
sis has a tendency to spontaneously remit, its clinical
course is highly variable. Although up to 95% of pa-
tients with sarcoidosis develop some form of lung dis-
ease over the course of their lives, only approximately
one-third of patients develop chronic or progressive
disease. Advanced lung disease in sarcoidosis can be
characterized by extensive fibrosis, vascular remod-
eling with pulmonary hypertension, cyst formation,
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airway involvement with loss of patency/stricture
or dilatation due to bronchiectasis, or combinations
thereof (1-3, 5). However, only approximately 5% of
patients diagnosed with sarcoidosis will develop ad-
vanced lung disease due to pulmonary fibrosis (5).
The majority of these patients, however, eventually
succumb to respiratory complications of chronic pul-
monary sarcoidosis, although some patients can re-
main clinically stable for long periods of time (5, 6).

Lung transplantation is a treatment option that
can improve quality of life and prolong survival for
patients with advanced lung disease refractory to
other therapeutic interventions (7). Indeed, end-
stage sarcoidosis with severe fibrocystic lung disease
and/or the presence of World Health Association
Group 5 pulmonary hypertension (PH) remains a
difficult-to-treat form of advanced lung disease for
which lung transplantation may be the only inter-
vention that can improve survival and quality of life.
Although the total number of lung transplants re-
ported to the International Society for Lung Trans-
plantation (ISHLT) for patients with sarcoidosis is
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relatively low (approximately 2.5% of all transplants
performed from 1995 through 2014) (8), actuarial
post-transplant survival has been reported to be
comparable to that for patients with other forms of
pulmonary fibrosis (9-11), and median survival ac-
cording to recent ISHLT data is 6.1 years follow-
ing primary transplantation (8). An examination of
United Network for Organ Sharing (UNOS) data
for patients listed for transplant from 1995 through
2000 showed that waitlisted patients with sarcoidosis
had a mortality rate that was similar to the high risk
of mortality observed for patients diagnosed with id-
iopathic pulmonary fibrosis (IPF) (12). Additionally,
Shorr et al. (13) reported that African Americans ap-
peared to face a significantly increased risk of death
(odds ratio of 2.5) while waitlisted, even when the
data were adjusted for potential confounding factors.
Determining the right time for referral and trans-
plantation of sarcoidosis patients with advanced lung
disease presents a considerable challenge.

RESPIRATORY TRACT MANIFESTATIONS AND
COMPLICATIONS OF CHRONIC SARCOIDOSIS

Many risk factors that are associated with worse
outcomes in patients with sarcoidosis have been
identified (Table 1). Additionally, advanced pulmo-
nary sarcoidosis has many manifestations and char-
acteristics, and patients can develop a variety of com-
plications (Table 2). Imaging of advanced pulmonary
sarcoidosis with high-resolution computed tomogra-
phy (HRCT) reveals a variety of patterns with exten-
sive adenopathy, parenchymal fibrosis, and/or airway

disease (Figure 1). While no specific risk factors for

Table 1. Risk factors for worse outcomes in sarcoidosis

* Scadding Stage III/IV disease

* Pulmonary hypertension

* Involvement of >3 organ systems

*  Myocardial disease

* Older age & age of discase onset >40 years

* African American race

* Presence of neurosarcoidosis

* Chronic renal dysfunction (e.g. nephrocalcinosis)

*  Chronic hypercalcemia

* Upper airway mucosal involvement (e.g. lupus pernio)
* Splenomegaly

*  Skeletal involvement (e.g. extensive cystic bone lesions)
* Progressive and/or sustained respiratory symptoms

*  Supplemental oxygen requirement (especially if increasing)

Table 2. Manifestations and complications of pulmonary sarcoido-
sis

Parenchymal disease
* Extensive/confluent granulomatous disease (e.g. alveolar
sarcoidosis)
* Pulmonary fibrosis
- can be extensive & progressive
- most common cause of respiratory failure
- can mimic usual interstitial pneumonia (UIP) pattern
* Bullous emphysema

Airway involvement

* Airflow obstruction (may display reactive component with
partial reversibility)

* Bronchiectasis

* Bronchial stenosis (can be extensive and severe)

Vascular disease & pulmonary hypertension

» Capillary obliteration due to parenchymal fibrosis
*  Plexiform arteriopathy

*  Vascular compression by enlarged lymph nodes

* Cardiac dysfunction due to cardiac sarcoidosis

* Granulomatous angiitis (arterial or venous)

Pulmonary infection
*  Aspergilloma

*  Bacterial infections linked to bronchiectasis
Hemoptysis

Pleural disease

*  Pleural thickening

*  Pleural effusion (rare)
*  Pneumothorax (rare)

the development of advanced pulmonary sarcoidosis
have been identified, a number of factors have been
linked to increased risk of developing progressive
and/or chronic disease (6), and some of these indi-
viduals will go on to develop advanced disease de-
spite non-transplant therapeutic interventions. These
risk factors include involvement of multiple organ
systems, higher Scadding stage at diagnosis or pro-
gressing to higher Scadding radiographic stage, need
for systemic therapy, lack of lymphadenopathy, fe-
male gender, older age, and black race. Nonetheless,
the clinical course of sarcoidosis is highly variable,
and many patients can remain stable despite sympto-
matic and/or persistent disease, even in the absence
of chronic pharmacologic therapies.

Proximal airway disease

Sarcoidosis can involve the nasal passages, para-
nasal sinuses, mouth, larynx, trachea, or bronchi (14).
Severe stenosis of the trachea or cartilaginous bron-
chi may occur, but this is estimated to occur in less
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than one percent of patients (15). Although patients
with extensive airway narrowing may be quite symp-
tomatic, they usually do not have enough functional
impairment to qualify them for lung transplant can-

didacy.
Intrathoracic lymphadenopathy

Intrathoracic lymphadenopathy is observed in
approximately 80% of patients during the course of
their illness. Hilar adenopathy is bilateral in most
cases, although unilateral hilar adenopathy can be
seen in up to 5% of patients (16). Lymph node calci-
fication can be seen at the time of diagnosis, and the
likelihood of calcification increases later during the
course of the disease (17).

Fig. 1 a-d. Transverse high-resolution computed tomography images of potential lung transplant candidates with advanced pulmonary
sarcoidosis and severe lung function impairment. a) Long-standing sarcoidosis with bulky adenopathy, diffuse granulomatous infiltrates, and
mild sarcoidosis-associated pulmonary hypertension (SAPH); b) Scadding Stage 4 sarcoidosis with extensive fibrosis and traction bronchi-
ectasis, initially interpreted as a usual interstitial pneumonia pattern; explanted lung showed diffuse granulomata typical of sarcoidosis plus
extensive fibrosis; ¢) Stage 4 sarcoidosis with extensive diffuse fibrosis, peripheral bleb formation, and bronchiectasis; d) Stage 4 sarcoidosis
with extensive bronchiectasis but without evidence of chronic infection.

Large nodules and alveolar consolidation

Nodules that follow a perilymphatic distribution
and predominate in the mid to upper lung zones are
seen in approximately 90% of patients (18). Sarcoid
nodules can occasionally aggregate and form larger
pulmonary nodules (up to 3 cm diameter) or large
masses. Large nodules can remain stable for long pe-
riods of time, show partial or complete regression, or
cavitate. Massive consolidation may occur with coales-
cent interstitial granulomas compressing alveoli (19).

Pulmonary fibrosis

Approximately 5% of patients have evidence
of fibrotic changes on routine chest radiography at
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Fig. 1 e-h. Transverse high-resolution computed tomography images of potential lung transplant candidates with advanced pulmonary sar-
coidosis and severe lung function impairment. e) Stage 4 sarcoidosis with extensive bronchiectasis (arrows) and chronic bacterial infection
with P. aeruginosa; f) Stage 4 sarcoidosis with parenchymal fibrosis and severe SAPH with diffuse bilateral pulmonary artery aneurysm for-
mation (arrows); g) Stage 3 sarcoidosis with severe SAPH; h) Stage 4 fibrobullous sarcoidosis with multiple aspergillomas (arrows), SAPH,
and recurrent hemoptysis.

presentation (5, 20). Fibrosis tends to predominate
in the upper and mid lung regions, and conglomer-
ate masses that surround and encompass vessels and
bronchi with associated bronchial distortion is seen
in over half of patients with fibrotic pulmonary sar-
coidosis (21). Advanced fibrotic sarcoidosis is charac-
terized by the presence of fibrotic cysts, bullae, trac-
tion bronchiectasis, and paracicatricial emphysema,
and cystic abnormalities are commonly seen in the
upper lobes (22). Honeycomb change can be seen,
and honeycomb-like cysts are usually found in an
upper lobe distribution, but lower lobe honeycomb
change that mimics a usual interstitial pneumonia
(UIP) pattern that is typical of idiopathic pulmonary
fibrosis (IPF) can also be seen (20, 23).

Pulmonary hypertension

The estimated prevalence of PH in sarcoidosis
ranges from one to 28% (defined as mean pulmo-
nary arterial pressure [mPAP] 225 mm Hg) at rest
and as high as 43% if measured during exercise (24-
28). Most patients with sarcoidosis-associated PH
(SAPH) have radiographic changes of advanced dis-
ease (Scadding stages III or IV), although extensive
parenchymal abnormalities are not always present
(24-26). One case series reported that 60% of patients
with SAPH lacked evidence of significant fibrosis
on chest radiography (27), and the extent of paren-
chymal lung involvement may not correlate with the
degree of PH as reflected by right heart catheteriza-
tion measurements. Up to 75% of patients who are
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listed for lung transplantation meet criteria for SAPH
when subjected to right heart catheterization, and its
presence is associated with a poor prognosis (26,29).
Shorr and colleagues examined a cohort of 363 pa-
tients listed for lung transplantation for sarcoidosis
and found that 66% had mPAP >25 mm Hg and 36%
had mPAP>40 mm Hg (26). Furthermore, nearly
70% of patients with mPAP 240 mm Hg needed at
least some if not total assistance with functional activ-
ities, and patients with severe PH had a nearly 7-fold
increase in need for supplemental oxygen.

Bronchiectasis

Sarcoidosis-related bronchiectasis is usually dif-
fuse but can occasionally be localized. Bronchiectasis
in patients with Scadding stage 4 disease has been
reported to range from 18-40% on high-resolution
computed tomographic (HRCT) scanning, and
bronchiectasis is present in nearly 100% of patients
listed for lung transplantation (21, 30, 31). Diffuse
cystic bronchiectasis is perceived as being caused
from either traction due to surrounding parenchymal
fibrosis or direct airway damage caused by granu-
lomatous inflammation, whereas localized bronchi-
ectasis can be post-obstructive, caused by external
compression by enlarged lymph nodes, or due to per-
sistent endobronchial sarcoidosis (32). Suppurative
bronchiectasis with recurrent infectious exacerba-
tions can be seen in some patients (30).

Pleural disease

Granulomas can infiltrate both visceral and pa-
rietal pleura, and pleural involvement plus lymphatic
channel compromise can cause pleural effusions to
form. However, pleural effusion is an unusual finding
in sarcoidosis and may be caused by comorbidities
such as pneumonia or congestive heart failure (33).
Chylothorax has also been described in sarcoidosis
but is an exceedingly rare complication (34). Finally,
spontaneous pneumothorax has been reported and
attributed to rupture of subpleural blebs, especially
when advanced fibrocystic disease is present (35).

Other complications

Aspergillus species are ubiquitous in the envi-
ronment and can be commonly found in the both

the oral and lung mycobiomes of normal humans
(36). Both aspergillomas and other aspergillosis syn-
dromes have been reported in patients with sarcoido-
sis. Mycetoma formation, which usually occurs in
pre-existing cysts that are colonized by fungi (usually
Aspergillus spp), occurs in approximately 2-5 percent
of patients with sarcoidosis, and life-threatening pul-
monary hemorrhage can occur (37, 38). Mycetoma
formation does not have a predilection for right or
left lung, but they occur most commonly in the up-
per lobes and can be multiple. No specific consensus
recommendations currently exist for management of
aspergillomas in patients with sarcoidosis. While an-
ecdotal reports of poor outcomes in lung transplant
recipients when pre-transplant mycetomas have been
published, successful lung transplantation has been
reported with a combination of careful native lung
explantation and post-operative antifungal pharma-
cologic therapy (39).

Acute exacerbations of pulmonary sarcoidosis
are not uncommon, but the definition of an acute
exacerbation (AE) and information regarding diag-
nostic criteria and management are sparse. Panseli-
nas and Judson (40) have proposed the combination
of (1) worsened pulmonary symptoms in patients
with known sarcoidosis that cannot be explained by
alternative causes, (2) a 210% decline in forced ex-
piratory volume in one second (FEV1) and/or forced
vital capacity (FVC), and (3) the presence of symp-
toms for at least one month as diagnostic criteria for
an episode of an AE of pulmonary sarcoidosis. Risk
factors for AE include tapering corticosteroid ther-
apy, administration of interferon-alpha, initiation of
antiretroviral therapy, and treatment with tumor ne-
crosis factor-alpha (TNF-a) antagonists (40).

PHARMACOLOGIC MANAGEMENT OF PULMONARY
SARCOIDOSIS

Although pulmonary disease is the most com-
mon manifestation of sarcoidosis, not all patients
with pulmonary disease will require drug therapy.
Major indications for treating pulmonary sarcoidosis
include cough, dyspnea, declining lung function, or
radiologic evidence of worsening lung disease, and
it is estimated that about half of patients in the US
with pulmonary disease receive systemic therapy

(38). Additionally, systemic therapy may be required
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for significant involvement of other organ systems
even though pulmonary disease appears to be stable.
Asymptomatic lung disease accompanied by stable
lung function does not require therapy. If indicated,
pharmacologic therapies can range from inhaled cor-
ticosteroids and/or non-steroidal anti-inflammatory
drugs for minimal symptoms with stable lung func-
tion to systemic corticosteroids, anti-malarial drugs,
cytotoxic drugs, biologic agents, or combinations of
such for significantly symptomatic disease and/or
progressive decline in lung function (41-44). How-
ever, whether the use of systemic corticosteroids or
other agents such as TNF-a inhibitors can prevent
the development or halt the progression of pulmo-
nary fibrosis remains debatable (45,46).

Patients who report persistent dyspnea despite
therapy and have normal left ventricular function
have an estimated prevalence of PH that approxi-
mates 53% (47), and patients listed for lung trans-
plant have an even higher incidence of PH at ap-
proximately 74% (26). Although most forms of PH
associated with underlying parenchymal lung disease
are classified as WHO group 3 PH, SAPH is cat-
egorized as WHO group 5 due to its complex and
multifactorial pathogenesis, and there can be sub-
stantial dissociation between the magnitude of phys-
iologic measures of restriction as a surrogate marker
for parenchymal disease burden and the presence and
severity of SAPH. Such discordance is likely due to
the multifactorial nature of circulatory impairment
in SAPH, which can be due to various combinations
of distal capillary bed destruction due to fibrotic pa-
renchymal remodeling combined with areas of hy-
poxemic vasoconstriction, direct involvement of ves-
sels by granulomatous inflammation, and increased
vasoreactivity that may respond to vasodilators such
as nitric oxide or prostacyclin, upregulation of vaso-
active cytokines such as endothelin-1, or mechani-
cal extrinsic compression of pulmonary vessels by
bulky intrathoracic adenopathy (28). Because of the
multifactorial nature of SAPH, some patients may
show a significant response to interventions such as
supplemental oxygen, treatment of obstructive sleep
apnea if present, treatment of cardiac dysfunction,
identification and treatment of thromboembolic
disease, or immunosuppressive therapies targeting
active sarcoidosis. The administration of vasoactive
agents that show efficacy for WHO Group 1 PH

remains controversial, but responses have been re-

ported for pharmacologic therapies that target the
endothelin pathway (endothelin receptor antagonists
such as bosentan), the nitric oxide pathway (selec-
tive phosphodiesterase inhibitors), or prostacyclin
pathway inhibitors such as epoprostenol (28). How-
ever, such therapies, while having potential benefit
for some patients, may also cause harm by worsening
ventilation-perfusion mismatching and hypoxemia,
and such pharmacologic intervention should only be
considered on a case-by-case basis by experienced
referral center clinicians (and preferably in the set-
ting of a randomized clinical trial) (28). Additionally,
vasoactive drugs for targeted treatment of SAPH
should probably be avoided for patients with mPAP
values <40 mm Hg.

EVALUATION AND LISTING FOR LUNG
TRANSPLANTATION

Progressive pulmonary fibrosis, SAPH, and
recurrent/chronic respiratory infection are leading
causes of respiratory failure and mortality in patients
with advanced pulmonary sarcoidosis (6, 48). Inde-
pendent predictors of mortality that were identified
in long-term follow-up (=8 years) after adjustment
for various confounders were older age, extensive fi-
brosis on HRCT scanning, and the presence of PH
(49). However, quantitative models that can predict
clinical behavior of disease and mortality are lack-
ing (50). Therefore, decisions concerning timing of a
referral to a transplant center are generally made via
case-by-case assessments of patients with advanced
lung disease.

A series of consensus documents created by task
forces working under the auspices of the ISHLT have
provided guidance for decisions regarding referral
and evaluation of patients with various forms of ad-
vanced lung disease with the most recent published
in 2015 (51). While these recommendations have not
necessarily been validated, they are widely followed
and provide a very useful roadmap for referral, evalu-
ation, bridging to transplant, and transplantation. All
potential candidates must lack absolute contraindi-
cations to lung transplantation (Table 3), and rela-
tive contraindications must be carefully weighed on
a case-by-case basis. The majority of patients with
advanced pulmonary disease due to sarcoidosis fall
into the category of interstitial lung disease (ILD),
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Table 3. Contraindications to lung transplantation

Absolute

*  Recent history of malignancy (2-year disease-free interval if low risk of recurrence; 5-year interval for higher risk; risk be remain too

high for some cancers beyond 5 years)

*  Severely limited functional capacity with poor rehabilitation potential

* Significant dysfunction of other major organ systems (unless multiple combined organ transplantation is feasible)
* Acute medical instability (e.g. acute myocardial infarction, sepsis, hepatic failure)

* Uncorrectable bleeding diathesis

* Significant, uncorrected atherosclerotic disease with suspected/confirmed dysfunction (or ischemia or significant coronary artery disease

that cannot be revascularized)

*  Chronic infection with highly virulent and/or antibiotic-resistant microbes with poor control pre-transplant

* Active infection with Mycobacterium tuberculosis

*  Chest wall or spinal deformity that would cause severe ventilator restriction post-transplant

* Body mass index (BMI) 235 kg/m? (Class II/III obesity)

* Non-adherence to recommended medical therapies

*  Psychiatric/psychologic conditions causing inability to cooperate with health care team interactions and/or adherence to complex

medical therapies
* Lack of an adequate and/or reliable social support system

* Substance abuse or dependence (must demonstrate meaningful/persistent risk reduction behaviors and verified abstinence from
substances of concern (e.g. tobacco, alcohol, marijuana, or other illicit substances))

Relative

* Age >65 years if other relative contraindications are present of physiologic reserve is significantly impaired

* Malnutrition if progressive or severe
*  Osteoporosis if severe, symptomatic

*  BMI 30.0-34.9 kg/m?* (Class I obesity, especially if truncal/central obesity)

* Extensive prior thoracic surgery (e.g. lung resection)
* Receiving mechanical ventilation

* Receiving extracorporeal life support

* Hepatitis B and/or C infection

*  Human immunodeficiency virus infection

+ Colonization/infection with highly virulent and/or antibiotic-resistant bacteria or fungi

* Significant atherosclerotic disease burden

¢ Other significant medical conditions (e.g. diabetes mellitus, systemic hypertension, gastroesophageal reflux) that have not caused
advanced organ system damage (especially if not optimally treated/controlled)

for which guidance for timing of referral and timing
of placing on the transplant waitlist are provided (Ta-
ble 4). However, some patients with sarcoidosis may
have predominantly vascular involvement but lack
extensive pulmonary fibrosis, and ISHLT recommen-
dations provided for pulmonary vascular diseases may
be more appropriate for such patients (Table 4). Be-
cause waitlist mortality is quite high among patients
with pulmonary fibrosis, timely referral for transplant
evaluation is essential for patients who have severe
disease despite maximal therapy and wish to be con-
sidered for lung transplantation.

Evaluation of potential candidates for lung
transplant should include (1) an objective determi-
nation of disease severity, (2) elucidation of the na-
ture of disease characteristics that are causing the pa-
tient’s symptoms, (3) a determination of whether the

benefits (prolonged survival, improved quality of life)

of undergoing lung transplantation clearly outweigh
the risks associated with receiving a lung transplant
(Table 5). Many patients will unfortunately not be
eligible for lung transplantation due to the presence
of an absolute contraindication or combinations of
relative contraindications and comorbidities that
make the possibility of achieving a successful trans-
plant unlikely (e.g. severe corticosteroid-induced
diabetes and obesity). On the other hand, some pa-
tients with sarcoidosis can be very symptomatic from
their disease yet not have enough physiologic impair-
ment to receive a high enough lung allocation score
(LAS) value (for countries that use a LAS system to
prioritize transplant candidates) to have a reasonable
chance of receiving a donor lung offer if placed on
the waitlist.

The LAS system (Table 6) was implemented in
the US in 2005 with the goals of (1) balancing the
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Table 4. Guidelines for timing of referral for potential lung transplantation

Referral to a transplant center (all patients with ILD)*
¢ Impaired lung function
- FVC <80% predicted
- DLCO <40% predicted
* Any dyspnea or functional limitation due to lung disease

* Any requirement for supplemental oxygen (even if only required during exertion)
*  Failure to improve dyspnea, reduce/eliminate requirement for supplemental oxygen, and/or improve lung function with a clinically

indicated trial of medical therapy if inflammatory ILD is present

Referral to a transplant center (all patients with PVD)*

* NYHA Functional Class III or IV symptoms despite escalating therapy
* Rapidly progressive disease (rule out body weight or rehabilitation concerns)
* Use of parenteral targeted vasoactive therapy regardless of symptoms or NYHA Functional Class

Suggested timing of referral to a transplant center for patients with sarcoidosis

* Dyspnea or functional limitation due to lung disease

* Significantly impaired lung function (e.g. FVC <80% predicted, DLCO <40% predicted)

* Requirement for use of supplemental oxygen

Evidence of SAPH

NYHA Functional Class III or IV symptoms

Rapidly progressive disease

Lack of response to clinically indicated pharmacologic therapies

e o o o o

Life-threatening complications of suppurative bronchiectasis (e.g. episode of respiratory failure requiring non-invasive ventilation, poor

clinical recovery from exacerbations and/or increasing antibiotic resistance, pneumothorax, life-threatening hemoptysis)

urgency of need for transplantation due risk of death
without receiving a transplant with the likelihood of
an acceptable outcome following transplantation, (2)
optimally placing organs according to LAS values
combined with matching characteristics of potential
recipients (e.g. blood type, thoracic cage dimensions),
and (3) reducing the number of candidates on trans-
plant center waitlists who die without the oppor-
tunity to undergo a transplant (52,53). The LAS is
weighted more by transplant urgency than likelihood
of surviving for at least one year post-transplant, but
its successful aspects have led to its adoption by a
number of countries outside of the US. Because pa-
tients with ILD (especially those with IPF) tend to
have higher LAS values than candidates with other
disease indications, the total number of transplants
for ILD (mostly IPF) in the US surpassed that for
other indications (e.g. chronic obstructive pulmonary
disease, cystic fibrosis, PH due to pulmonary vascular
disease) in 2007, and IPF is the leading indication
for lung transplantation in the US at present (54).
The major indications for lung transplantation for
sarcoidosis are advanced fibrotic lung disease, severe
pulmonary hypertension, or a combination of both.
A key question when evaluating a patient
with sarcoidosis for potential lung transplantation

is whether their lung disease has been adequately
treated. Our center has had candidates who were us-
ing supplemental oxygen and very incapacitated but
improved markedly and were able to be weaned off
supplemental oxygen and achieve acceptable qual-
ity of life when placed on adequate pharmacother-
apy. Another key question is whether significant ex-
trapulmonary sarcoidosis is present that may have an
impact on post-transplant outcome, and appropriate
screening should be performed to detect significant
left ventricular dysfunction or sustained ventricular
dysrhythmias.

Prior to placement on a transplant waitlist, co-
morbidities should be aggressively and optimally
managed. This includes angioplasty and/or stent
placement for coronary artery disease if needed,
anti-resorptive therapies to reduce fracture risk if
osteoporosis is present, joining a weight loss pro-
gram if overweight, and medical treatment of sys-
temic hypertension or diabetes mellitus. Because
dyspnea may limit physical activity and promote de-
conditioning, pulmonary rehabilitation with physi-
cal training and breathing exercises should be pre-
scribed, and pulmonary rehabilitation programs can
provide educational and psychological support and
optimize exercise tolerance and functional status
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Table 5. Evaluation of potential lung transplant candidates with sarcoidosis

Disease-specific considerations for patients with sarcoidosis

¢ Is the disease adequately treated/managed?

* Does the risk of death from the disease clearly outweigh risks associated with lung transplantation?
* Is significant involvement of other organ systems present?

* Is chronic bacterial infection associated with bronchiectasis present?

* Does the patient have sarcoidosis-associated pulmonary hypertension?

* Is fungal disease an issue (especially mycetomas due to Aspergillus spp)?

Evaluation and testing_

*  Careful physical examination
- Is diaphragmatic movement impaired?

- Is axial skeleton and especially chest wall mobility significantly impaired?
- Is there evidence of systemic disease with significant organ system involvement (cardiac, nervous system, liver, spleen, skin)?

* 'Thoracic imaging studies
- HRCT, routine chest x-ray
- Quantitative nuclear medicine ventilation/perfusion scan
- Barium esophagram (? Esophageal dysfunction, significant reflux)

* Lung function assessment
- Spirometry
- Lung volumes
- Single breath diffusion capacity for CO (DLCO)

- Paranasal sinus imaging if pertinent

*  6-minute walk test
- Walk distance
- Oxyhemoglobin saturation at rest and with exertion
- Quantification of supplemental oxygen requirements if significant desaturation present

» Cardiac evaluation
- Electrocardiogram
- Echocardiography with bubble study to detect possible intracardiac shunt
- Left & right heart catheterization
- Ambulatory electrocardiography (e.g. 24-72 hrs to rule out significant dysrhythmia)

* Laboratory testing (complete blood count with differential, BUN, creatinine, electrolytes, liver function testing, fasting lipid profile, viral
serologies [HIV, HBsAg, HBsAb, HCV, CMV, HSV, EBV, VZV], toxoplasma and aspergillus antibodies, type and screen [blood group
and Rh type], prostate-specific antigen [males >40 years of age], panel reactive antibody testing, anti-HLA antibody screening, urinalysis

* Bone densitometry

* PPD testing

*  Screening for Aspergillus (sputum culture, serum precipitins)

* If significant/suppurative bronchiectasis is present:

- Sputum bacterial culture and sensitivities

- Screen for non-tuberculous mycobacteria
* Age- and gender-appropriate cancer screening
»  Consultations:

- Psychosocial evaluations

- Nutritionist evaluation

- Rehabilitation medicine

- Dental evaluation

- Others as indicated (e.g. ophthalmologic)

prior to transplantation. Because of the prolonged SURGICAL CONSIDERATIONS

and variable disease course for patients with sar-

coidosis, the decision as to when to proceed with Previous thoracic surgical procedures are gen-
transplantation is challenging, even for experienced erally not a contraindication to performing a lung
clinicians at referral/transplant centers. Guidance transplant, but higher risk of hemorrhage, increased
for timing the placement of lung transplant candi- need for chest re-exploration, and renal dysfunction
dates on the waitlist has been provided by the ISH- can be encountered in patients who have had previ-

LT (Table 7). ous chest surgical procedures, especially if prolonged
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Table 6. Values/factors* used to calculate the lung allocation score™

* Lung diagnosis code

*  Age (years)

* Body mass index (BMI)

* Functional status

*  Forced vital capacity (FVC) percent predicted

* Requirement for supplemental oxygen

6-minute walk distance (feet)

Pulmonary artery systolic pressure (mm Hg)
Mean pulmonary artery pressure (mPAP; mm Hg)
Cardiac index (CI) in L/min/m?

Central venous pressure (mm Hg)

Ventilation status

pCO,; (current, highest, lowest) mm Hg

Presence of diabetes

Serum creatinine (current, highest, lowest) in mg/dL
+ Total bilirubin (current, highest, lowest) in mg/dL

e o o o o o o

* Some values are adjusted according to Disease Group (A-D); sarcoidosis is classified as Group A if mPAP is <30 mm Hg but switches to
Group D if mPAP is >30 mm Hg.

** The LAS calculation incorporates three different measures (waiting list urgency, post-transplant survival, and transplant benefit) to derive
a Raw Allocation Score that is then normalized on a continuous scale of 0 to 100.

For additional information see concerning LAS components and calculations see https://optn.transplant.hrsa.gov/media/1200/optn_poli-
cies.pdf#fnameddest=Policy_10. Organ Procurement and Transplantation Network Policies; Policy 10: Allocation of Lungs. Date accessed,
1/26/18.

Table 7. Guidelines for timing of waitlist placement for transplant candidates

Tlmlng of placing a patient on the lung transplant waitlist (all patients with ILD)*
Decline in FVC 210% during a 6-month follow-up period (a lesser degree of decline has been associated with a poorer prognosis and
may call for earlier listing)

* Decline in DLCO 215% during a 6-month follow-up period

*  Oxyhemoglobin desaturation to <88% or 6-MW'T distance <250 meters or >50 meter decline in 6-MWT distance over a 6-month
period

Timing of placing a patient on the lung transplant waitlist (all patients with PVD)*

* NYHA Functional Class III or IV symptoms despite 3 months of combination vasoactive therapies (including prostanoids)

» Cardiac index <2 L/min/m?

*  Mean right atrial pressure >15 mm Hg

* 6-MWT distance <350 meters

* Significant hemoptysis, pericardial effusion, or progressive right heart failure (as evidenced by renal dysfunction, increasing serum
bilirubin, increasing serum BNP, or recurrent ascites)

Suggested timing of waitlist placement for patients with sarcoidosis

* Decline in FVC 210% during a 6-month follow-up period (a lesser degree of decline has been associated with a poorer prognosis and
may call for earlier listing)

* Decline in DLCO 215% during a 6-month follow-up period

*  Oxyhemoglobin desaturation to <88% or 6-MWT distance <250 meters or >50 meter decline in 6-MWT distance over a 6-month

eriod

. I:I<IYHA Functional Class III or IV symptoms despite 3 months of combination vasoactive therapies (including prostanoids)

* Cardiac index <2 L/min/m?

*  Mean right atrial pressure >15 mm Hg

* 6-MWT distance <350 meters

* Significant hemoptysis, pericardial effusion, or progressive right heart failure (as evidenced by renal dysfunction, increasing serum
bilirubin, increasing serum BNP, or recurrent ascites)

cardiopulmonary bypass times are required. The de- nature of lung involvement and extent of physiologic
cision of whether to perform a single, bilateral, or impairment, whether significant extrapulmonary
heart-lung transplant involves consideration of the disease is an issue, what comorbid conditions are pre-
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sent, and the likelihood of procuring a donor organ
that matches a candidate’s thoracic cage dimensions
and ABO blood group status. Explanting lungs from
patients with advanced sarcoidosis can be extremely
challenging due to pleural adhesions and perihilar
fibrosis, and substantial intraoperative bleeding is
more likely to occur if resection of the native lung(s)
proves to be difficult (55).

The presence of one or more mycetomas, es-
pecially if abutting the pleura, increases the risk of
seeding the pleural spaces during explantation. The
risk and degree of pleural bleeding (especially if pa-
tients require cardiopulmonary bypass) is likely to be
increased, and a prolonged dissection to explant the
native lungs may significantly increase donor lung
cold ischemic time, thereby increasing the risk of
significant reperfusion injury. One case series report-
ed that post-transplant outcomes were significantly
worse for patients with mycetomas (56), but aggres-
sive pre-transplant antifungal therapy and prolonged
post-transplant prophylaxis may successfully prevent
post-transplant Aspergillus infection (57). Addition-
ally, irrigation of the pleural space with an anti-fun-
gal agent (e.g. amphotericin B) when donor lungs are
implanted should be considered. Patients with myce-
tomas, even if apparently unilateral, should only be
listed for bilateral lung transplant (BLT).

If suppurative bronchiectasis is present, spu-
tum cultures should be obtained as native lungs are
explanted to identify all infecting organisms and
their sensitivities to antibiotics. Peri-operative and
post-operative antibiotics should be administered
according to culture and sensitivity results. Because
a bronchiectatic native lung can serve as a reservoir
of infection that places a transplanted single lung at
risk for post-transplant infection, BLT is the pre-
ferred approach for patients with bronchiectasis and
chronic suppurative infection.

Bilateral transplant may also be a better choice
than single lung transplant (SLT) for patients with
significant SAPH, although recipients can do well
with SLT despite the presence of PH with mPAP
values greater than 40 mm Hg (58). Indeed, a SLT
may be a reasonable choice for patients in whom
BLT is not required, and listing for SLT may im-
prove chances for a donor organ offer and reduce risk
of dying on the waitlist (59). A heart-lung transplant
can be considered for patients with significant left
ventricular dysfunction or cardiac dysrhythmias.

PosT-TRANSPLANT MANAGEMENT, COMPLICATIONS,
AND OUTCOMES

Post-transplant management is multi-faceted
and complicated, yet few randomized, prospec-
tive controlled trials are available to provide robust
evidence for optimal recipient management. Peri-
operative care in the ICU requires both ventilator
and circulatory support, and early surgical and/or
medical complications must be promptly identified
and addressed. Protocols should be in place to fa-
cilitate prevention of infections (e.g. prophylaxis for
cytomegalovirus and Preumocystis jiroveci) as well
as protocols to rapidly identify and treat infectious
complications that may develop. Immunosuppressive
regimens typically consist of pulse corticosteroid and
an induction agent given at the time of surgery, and
maintenance immunosuppression with a calcineurin
inhibitor (tacrolimus or cyclosporine A), anti-metab-
olite (usually mycophenolate or azathioprine), and a
corticosteroid that is gradually weaned to a low dose.

Transplant recipients are at risk for a multitude
of immediate, acute, and subacute/chronic complica-
tions following successful transplantation (Table 8)
(60,61). Approximately one third of lung transplant
recipients will develop grade 3 primary graft dys-
function (PGD) (62), but while a number of markers
have been identified that correlate with increased risk
of high-grade PGD (63), interventions other than
providing supportive care have been relatively inef-
fective in preventing or treating PGD.

Acute/subacute complications include anti-
body-mediated rejection, acute cellular rejection,
lymphocytic bronchiolitis, and infection. Because
up to 90% of recipients have pre-formed anti-HLA
antibodies of which approximately one third are
donor-specific antibodies (DSAs) (64), effective and
carefully monitored immune suppression is essential
to establish allograft immune tolerance. Monitoring
recipients for evidence of lung function decline as
well as monitoring for the appearance of numerous
complications and co-morbidities is essential to op-
timize post-transplant allograft function and recipi-
ent quality of life and survival. Many centers subject
recipients to surveillance bronchoscopy with BAL
and transbronchial biopsies (TBBs) at protocol-de-
termined intervals to detect occult infection and/or
evidence of rejection, although other centers perform
few if any protocol-driven surveillance bronchos-
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Table 8. Complications of lung transplantation

Pulmonary complications
Lung allograft complications
*  Primary graft dysfunction (PGD)
- Rejection (hyperacute, acute, chronic)
- Anastomosis dysfunction (dehiscence, malacia, stricture)
* Phrenic nerve dysfunction
*  Chronic lung allograft dysfunction (CLAD)
- Bronchiolitis obliterans syndrome (obstructive CLAD)
- Restrictive allograft syndrome (restrictive CLAD)
* Disease recurrence (e.g. sarcoidosis)
* Complications of bronchoscopy with transbronchial biopsy
Lung allograft and/or native lung complications
* Infection (bacterial, fungal, viral)
¢ Pleural complications (empyema, effusion, hemothorax, fistula)
*  Pulmonary embolic disease
* Malignancy (primary lung cancer, post-transplant lymphoproliferative disease [PTLD])
Native lung complications (single lung transplant recipients)
* Hyperinflation (emphysematous lung)
* Reactivated and/or refractory infection

Extrapulmonary/systemic complications (may impact lung function)
* Adverse drug reactions (e.g. immunosuppressant side effects, drug-drug interactions)

* Renal dysfunction

¢ Infection (e.g. wound, sepsis)

*  Metabolic/endocrine
- Hyperglycemia, diabetes, obesity
- Electrolyte abnormalities
- Dyslipidemia

Thromboembolism

e o o o

Gastrointestinal
- GERD (can affect lung allograft)
- Biliary tract disease
- Gastroparesis, other bowel disorders
*  Musculoskeletal (osteopenia, osteoporosis, myopathy)
*  Neurologic
- Tremor, headache, seizure, memory loss
- Cerebrovascular accident, blindness, coma
* Malignancy (skin, primary lung cancer, PTLD)

Cardiovascular (e.g. systemic hypertension, cardiac rhythm disturbance, infarction)

Hematologic (anemia, leukopenia, thrombocytopenia, thrombotic microangiopathy)

copies and may only perform such when clinically
indicated by deterioration in lung function with the
suspicion that infection or allograft rejection may be
the cause. Consensus guidelines for using or not us-
ing post-transplant surveillance bronchoscopies have
not yet become available.

For lung transplant recipients who survive be-
yond the first year post-transplant, the development
of chronic lung allograft dysfunction (CLAD) is the
greatest threat to long-term allograft and recipient
survival (65, 66). The ISHLT/American Thoracic
Society (ATS)/European Respiratory Society (ERS)
clinical practice guideline systematically examined
available evidence for the prevention and treatment

of BOS/CLAD and provided recommendations for

the diagnosis and treatment of BOS/CLAD. Iden-
tified risk factors included PGD, various forms of
alloimmune rejection (acute cellular rejection, anti-
body-mediated rejection, lymphocytic bronchiolitis),
infections (viral, bacterial, fungal), pathologic GER,
autoimmunity, and persistent bronchoalveolar lav-
age (BAL) neutrophilia. Although evidence from
randomized controlled trials (RCTs) for preventing
and treating BOS/CLAD was found to be of low
or very low quality, a number of conditional recom-
mendations were made by consensus among task
force members following a comprehensive review
of available publications. These include ruling out
other causes of delayed, persistent allograft function
decline, administering azithromycin, adjustment of
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immunosuppressive regimens, and the detection/
treatment of significant gastrointestinal reflux that
may be affecting the lung allograft (65). Evidence for
other salvage therapies for CLAD, such as extracor-
poreal photopheresis or total lymphoid irradiation,
are weak at best (65, 67, 68).

A meta-analysis of 13 different reports that in-
cluded a total of 10,042 lung transplant recipients of
which 98 were transplanted for sarcoidosis concluded
that sarcoidosis patients had a 50% prevalence of
PGD (69). Additionally, the risk of short-term mor-
tality has been reported to be significantly increased
for African-American recipients (9). Furthermore, a
higher incidence of hemothorax in sarcoidosis recipi-
ents was found to be associated with longer need for
ventilator support, increased length of stay in inten-
sive care units, and more prolonged length of hospital
stay following lung transplant (70). Nonetheless, de-
spite concerns that short-term outcomes and risk of
early mortality may be somewhat worse for sarcoido-
sis lung recipients and especially African-American
recipients, long-term post-transplant survival for re-
cipients with sarcoidosis appears to be generally simi-
lar to survival rates for patients with other forms of
fibrotic ILD. Tamieh et al. (11) examined a cumula-
tive cohort of 695 patients with sarcoidosis (out of a
total of 20,896 recipients) transplanted over a 25-year
time period and reported that median survival rates
for sarcoidosis recipients were not significantly differ-
ent from that of non-sarcoid recipients. Additionally,
the incidence of BOS does not appear to be increased
for patients transplanted for sarcoidosis (11, 71).

Recurrence of non-caseating granulomata in
transplanted lungs despite intense chronic immune
suppression is a frequent observation in sarcoid re-
cipients (72-78). The majority of cases were detect-
ed via transbronchial biopsy, many of which were
surveillance procedures, but recurrent granulomas
may also be significant enough to allow detection
via HRCT scanning. Ionescu et al. (75) showed via
DNA analysis that recurrence of granulomas in the
lung allografts appeared to be of recipient origin.
Additionally, granulomas tend to appear within the
first 6-12 months post-transplant, are usually detect-
ed via surveillance biopsies, and rarely seem to have
a significant impact on allograft function, although
disease recurrence has been occasionally reported to
cause significant allograft dysfunction (78, 79). Cur-

rently available data suggest that granuloma recur-

rence in the transplanted lungs occurs in approxi-
mately a third of recipients, but the impact of disease
recurrence on survival is minimal.

We have detected subclinical recurrence of allo-
graft granulomas in 5 of 22 recipients with sarcoido-
sis at our center, and all spontaneously regressed
with the passage of time. Interestingly, an additional
non-sarcoid recipient (a 37-year-old Caucasian fe-
male) with severe constrictive bronchiolitis caused by
an inhalation injury (whose explanted lungs showed
no evidence of granulomatous inflammation) had
asymptomatic granulomas appear on surveillance
transbronchial biopsies at one year post-transplant.
These persisted until two years post-transplant (pre-
sent on multiple sequential surveillance bronchosco-
pies) and then regressed spontaneously over a period
of approximately one year without any change in
her chronic immunosuppression regimen. Although
BAL lymphocyte percentages on differential cell
count and CD4/CD8 lymphocyte ratios are generally
very low in lung transplant recipients on surveillance
biopsies and this recipient’s percent lymphocytes on
BAL were 3%, 3%, and 6% at 2, 6, and 24 weeks
post-transplant, her BAL lymphocyte percentage
had increased to 24% at 52 weeks with a CD4/CD8
ratio of 2.7 (versus 0.6+0.1 for clinically stable non-
sarcoid lung recipients [N=20]) along with the ap-
pearance of typical well-formed, non-caseating gran-
ulomata on transbronchial biopsies. While repeat
surveillance bronchoscopies up to 48 months post-
transplant showed BAL lymphocyte percentages
that ranged up to 49% with CD4/CDS8 lymphocyte
ratios as high as 5.7 along with persistence of well-
formed non-caseating granulomata on transbronchi-
al biopsies, serial HRCT imaging showed no chang-
es and lung function remained completely stable.
BAL culture and special stains showed no evidence
of infection, and her maintenance immunosuppres-
sion and other medications were not altered. At 2.5
years post-transplant, the granulomas had regressed
and were no longer detectable, the BAL lymphocy-
tosis resolved, and the BAL lymphocyte CD4/CD8
ratio returned to a low ratio consistent with stable
lung transplant recipient status. We suspect that this
individual, who was of northern European ethnicity,
likely developed a sarcoidosis syndrome with lung-
limited infiltration of recipient immune cells into the
lung allograft that gradually peaked and then even-
tually regressed spontaneously.
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Key PoinTs

. A small number of patients diagnosed with sar-

coidosis develop advanced lung disease.

. Advanced pulmonary disease phenotypes include

extensive pulmonary fibrosis, pulmonary hyper-
tension, and purulent bronchiectasis.

Lung transplantation is an appropriate treatment
for sarcoidosis patients with advanced lung dis-
ease that progresses to respiratory insufficiency
despite other therapies.

Post-transplant survival is generally similar to
that of recipients with other transplant indica-
tions such as IPF.

Although bilateral lung transplantation is gener-
ally a preferred procedure, single lung transplant
may be an appropriate procedure for patients
without complications of their lung disease such
as purulent bronchiectasis, chronic fungal infec-
tion, or severe pulmonary hypertension.

. Although recurrence of granulomas in trans-

planted lungs may occur, this rarely has a signifi-
cant impact on lung allograft function or recipi-
ent survival.
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