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Abstract: Pulmonary alveolar proteinosis (PAP) is a rare pulmonary surfactant homeostasis 
disorder resulting in buildup of lipo-proteinaceous material within the alveoli. PAP is 
classified as primary (autoimmune and hereditary), secondary, congenital and unclassifiable 
type based on the underlying pathogenesis. PAP has an insidious onset and can, in some 
cases, progress to severe respiratory failure. Diagnosis is often secured with bronchoalveolar 
lavage in the setting of classic imaging findings. Recent insights into genetic alterations and 
autoimmune mechanisms have provided newer diagnostics and treatment options. In this 
review, we discuss the etiopathogenesis, diagnosis and treatment options available and 
emerging for PAP. 
Keywords: alveolar macrophage, surfactant protein, granulocyte macrophage-colony 
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Introduction
Pulmonary alveolar proteinosis (PAP) is a rare syndrome which was first described 
in 1958.1 The epidemiology of PAP remains poorly defined given the difficulty with 
an early and appropriate diagnosis. In a recent study, McCarthy and colleagues 
estimated the prevalence of PAP to be 6.87 per million in the general population, 
with no gender predilection.2 In another study from Japan, the prevalence was noted 
to be slightly lower at 6.2 per million in the general population.3

PAP is characterized by the disruption of pulmonary surfactant homeostasis and 
resultant accumulation of lipo-proteinaceous material within the alveoli. Pulmonary 
surfactant proteins are secreted by type II alveolar epithelial cells and are removed by 
alveolar macrophages, which are in close contact with the epithelial cells of the alveoli. 
Surfactant proteins maintain lung function and structural integrity of the alveolar 
surface as they create an air-liquid interface. The appreciation of the role of GM-CSF 
in the surfactant homeostasis has paved the way for a better understanding of the 
pathogenesis of PAP. GM-CSF plays a multifactorial role in the surfactant homeostasis. 
Specifically, it is key for the maturation and terminal differentiation of macrophages 
present in the alveoli. Furthermore, GM-CSF is crucial for the immune function of 
alveolar macrophages as well as myeloid cells. Studies have clearly linked the auto- 
antibody mediated disruption of GM-CSF signaling as an important factor in the 
pathogenesis of PAP.4 As a result of these findings, a lot of interest has converged on 
GM-CSF, both for purposes of diagnosis and as a target for treatment. Other mechan-
isms of pathogenesis include genetic alterations or gene mutations encoding surfactant 
proteins leading to ineffective surfactant. However, despite our improved 
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understanding of pathogenesis of PAP, there are limited 
treatment options available for this condition.

Classification of PAP
PAP is classified according to the underlying pathogenetic 
mechanism (Table 1 summarizes the different types of 
PAP). This classification also helps determine the treat-
ment options for PAP.

Primary PAP: Autoimmune and 
Hereditary PAP
Primary PAP includes two separate disease entities: autoim-
mune PAP and hereditary PAP. Autoimmune PAP, which is the 
most common type of PAP accounts for 90% of cases. There is 
a high concentration of anti-GM-CSF immunoglobulin IgG 
antibodies in patients with autoimmune PAP.5,6 GM-CSF 
autoantibodies attack GM-CSF signaling and hamper its abil-
ity to stimulate alveolar macrophage maturation. 
A dysfunctional alveolar macrophage is unable to degrade 
the surfactant and has impaired phagocytic function. 
Collectively, this causes accumulation of undegraded surfac-
tant and increases predisposition for infections. Aside from 
auto-antibodies, it is possible that there are other pathways that 
contribute to this phenomenon. It is also interesting to note that 
autoimmune PAP is rarely associated with other autoimmune 
diseases. Indeed, in a study, only seven (1.7%) of 410 patients 
diagnosed with PAP had a co-diagnosis of another autoim-
mune disease.7

Hereditary PAP accounts for only 3% of all PAP syn-
dromes and GM-CSF antibody is negative in those patients.2 

It involves the genetic mutation of the GM-CSF receptor 
subunits. This results in dysfunction of alveolar macrophage 
receptors that interact with GM-CSF, which then impairs the 
ability of GM-CSF to stimulate alveolar macrophages. 
Hereditary PAP and autoimmune PAP are, otherwise, clini-
cally and histologically identical.

Secondary PAP
Secondary PAP accounts for 4% of all PAP syndromes.2 

Here, an underlying disease causes a quantitative and/or 
qualitative defect of alveolar macrophages, which further 
results in the disruption of surfactant homeostasis and the 
buildup of surfactant in the alveoli. It is mainly caused by 
underlying hematological diseases, including myelodys-
plastic syndromes and malignancy. Other causes of sec-
ondary PAP include medications, chemotherapy, immune 
deficiencies, chronic infections, including HIV, chronic 
inflammatory syndromes, and dusts’ inhalation (titanium, 
silica, aluminum, and others).8 Hence, any clinical condi-
tion that can potentially cause quantitative or qualitative 
macrophage dysfunction can disrupt surfactant homeosta-
sis and result in secondary PAP.

Congenital PAP
Congenital PAP accounts for 1.5% of PAP syndromes.2 It 
is a disease of the newborn but is rarely also seen in adults. 

Table 1 Types of Pulmonary Alveolar Proteinosis (PAP)

Types of PAP

1. Primary PAP - disruption of GM-CSF pathway

a. Autoimmune PAP – GM-CSF antibody positive  

b. Hereditary PAP - GM-CSF antibody negative, gene mutation of GM-CSF receptor

2. Secondary PAP

i. Hematological disorders including myelodysplasia, leukemia, lymphoma  
ii. Chronic infections (HIV, Nocardia, pneumocystis)  

iii. Chronic inflammation  

iv. Immune deficiencies and dysregulation, lung transplant, bone marrow transplant  
v. Drug-induced including chemotherapy

3. Congenital PAP (surfactant production abnormality)
i. SFTPC (SP-B), SFTPC (SP-C) mutation  

ii. ABCA3 mutation  

iii. TTF1 mutation

4. Unclassified PAP

Abbreviations: GM-SCF, granulocyte-macrophage colony stimulating factor; SFTPB (SP-B), surfactant protein B; SFTPB (SP-C), surfactant protein C; ABCA3, ATP-binding 
cassette subfamily A member 3; TTF1, thyroid transcription factor 1.
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It is caused by mutations that disrupt surfactant production 
and function. Notable mutations associated with congeni-
tal PAP are as follows: in SFTPB (SP-B), SFTPC (SP-C), 
ABCA3, and TTF18.

Unclassified PAP
There are few patients with PAP, who do not fit any of the 
criteria mentioned above. They do not have GM-CSF 
antibodies, any known secondary causes, mutations, or 
surfactant dysfunction. These patients are grouped as 
unclassified.

Clinical Presentation
The onset of PAP is often insidious and subtle. As the 
surfactant accumulates over time, the disease often has an 
indolent course. An acute form of PAP from excessive 
silica exposure has been reported but is rarely seen nowa-
days due to better occupational regulations.9 In a registry 
from Japan, only two-thirds of the patients were sympto-
matic at the time of diagnosis.3 Isolated dyspnea was the 
most common symptom, occurring in 39% of symptomatic 
patients, followed by dyspnea and cough (11% of the 
symptomatic patients) and cough only (10% of the symp-
tomatic patients). Other infrequent symptoms included 
fever and weight-loss.3 The prevalence of smokers (56– 
80%) and occupational exposure to various inhaled dusts 
(23–39%) is high, especially with secondary PAP.3,10 Due 
to the role played by GM-CSF in immune mediated func-
tions of alveolar macrophage function, patients with PAP 
are also at higher risk for systemic infections.11 Physical 
examination includes inspiratory crackles in about half of 
the patients, cyanosis is present in one-quarter of patients, 
and digital clubbing in a small percentage.12

Pulmonary function tests are non-specific but, in 
advanced diseases, may show restriction, particularly 
with the development of fibrosis.13 Disease severity in 
terms of the presence of symptoms and degree of hypox-
emia correlates with reduction in DLCO. Different scoring 
systems, such as Severity and Prognosis Score of PAP 
(SPSP) and Disease Severity Score (DSS) incorporating 
symptoms, arterial blood gas, lung function parameters, 
smoking status and radiographic scores have been devel-
oped for assessing disease severity in patients with 
PAP.14,15 Both the scores, SPSP and DSS, are reliable to 
assess disease severity but are not useful for predicting 
disease progression or relapse.

Diagnosis of PAP
The diagnostic suspicion for PAP typically arises from the 
indolent nature of disease progression combined with 
radiographic features. Inflammatory markers including 
C-reactive protein (CRP), erythrocyte sedimentation rate 
(ESR) and lactate dehydrogenase (LDH) can be elevated. 
Amongst serum biomarkers, lactate dehydrogenase (LDH) 
has been found to be elevated in up to 80% of patients.7 

However, LDH is of limited value in diagnosis due to its 
non-specificity. Several other biomarkers have been stu-
died for PAP (SP-A, SP-D, KL-6, CYFRA 21–1, YKL-40 
and CEA), but are not specific and are not available for 
routine clinical use. Hence, serological testing of biomar-
kers is generally not useful for PAP diagnosis.

The presence of circulating antibodies to GM-CSF is 
specific to auto-immune PAP and helps distinction from 
other types of PAP. Circulating GM-CSF antibody titers 
may also predict response to treatment.16 It is noteworthy, 
though, that GM-CSF antibody can be found in healthy 
individuals. However, concentration less than 10 μg/mL in 
serum has a good negative predictive value to rule out 
disease, whereas concentration greater than 19 μg/mL is 
specific to auto-immune PAP.17 The latex agglutination 
test used for the detection of GM-CSF antibodies has 
a diagnostic sensitivity of 100% and specificity of 98%.5 

This laboratory test is performed only at highly specialized 
centers.

Patients diagnosed with PAP without GM-CSF auto-
antibodies, or a secondary cause for PAP, should be eval-
uated for GM-CSF concentration test and GM-CSF 
signaling tests for direct specific gene analyses.

Chest radiograph findings for patients with PAP can 
vary and are non-specific. Chest radiographs are similar in 
appearance to pulmonary edema with diffuse, symmetric, 
bilateral alveolar opacities with hilar and basal distribu-
tion. However, unlike pulmonary edema, other features of 
cardiac disease including cardiomegaly and pleural effu-
sions are usually absent. CT chest, specifically high- 
resolution CT (HRCT) has a vital role in the diagnosis of 
PAP. The characteristic “crazy-paving” pattern, widely 
attributed to PAP, is not pathognomonic of the disease. 
Based on a review of 139 CT scans, the most common 
pattern in these patients was uniform distribution followed 
by lower lung zone predominance.18 Holbert and et al 
reported ground-glass and consolidative air-space, opaci-
ties having a homogeneous craniocaudal distribution, 
whereas interlobular opacities were prominent at the lung 
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bases. Ground-glass opacities (100%) and interlobular 
opacities (85%) were more common; however, substantial 
fibrosis (7%) was reported less frequently. Serial CT scans 
in the same patient frequently vary over time, which 
suggests PAP can resolve spontaneously or can progress 
unremittingly, sometimes despite treatment.19 Figure 1 
shows Chest CT images of patients with PAP.

Features not typical of PAP include focal areas of air-
space disease with bulky lymphadenopathy. These features 
should raise the concern for alternative diagnosis, includ-
ing superimposed infection and malignancy. The degree of 
severity on C.T. scan images is associated with disease 
severity and pulmonary function impairment. Ultra-low- 
dose CT scan can be helpful in quantifying the affected 
lung parenchyma, and therefore provide a sensitive and 
objective assessment of PAP. Furthermore, the imaging 
assessment has good correlation with lung function 
parameters.13

In most cases, bronchoalveolar lavage fluid (BALF) 
establishes the diagnosis with its characteristic milky and 
opaque appearance (lipoproteinacous material). BALF settles 
into a cloudy sediment layer and a translucent supernatant. In 
some cases, BALF might appear normal if performed in 
a lung zone unaffected by the disease process. BALF micro-
scopy reveals foamy, large macrophages containing eosino-
philic granules in the presence of extracellular hyaline 
material which is positive on Periodic Acid-Schiff (PAS) 
stain and negative on Alcian blue staining. Electron micro-
scopy demonstrates lamellar bodies which are abundant in 
concentrically laminated structures.20 These findings are 

diagnostic of PAP, but they do not establish the type of 
PAP. Bronchoscopy, in addition, can also exclude concurrent 
infections, PAP mimics and secondary causes of PAP.

BAL findings in the correct clinical context and con-
sistent CT-scan findings are often sufficient for the diag-
nosis. If the BAL appearance is atypical, obtaining tissue 
via bronchoscopy will help ascertain the diagnosis. 
Surgical lung biopsy is seldom required for the diagnosis 
of PAP.6 In a cohort of 203 PAP patients, an open lung 
biopsy was performed for diagnosis in 8% of cases and 
transbronchial biopsy in 42% of cases.3 Table 2 sum-
marizes the diagnostic features of PAP.

Treatment
Given the rare nature of the disease, there is limited 
evidence comparing various treatment modalities. 
However, Whole lung lavage (WLL) has remained at the 
forefront for PAP patients with worsening symptoms or 
lung function. Recently, several newer options targeting 
alveolar macrophages, reduction of GM-CSF antibodies 
and gene modifications have emerged. Treatment is 
usually directed towards the underlying pathobiology and 
type of PAP. In patients who fail to respond to both GM- 
CSF supplementation and WLL, novel therapies targeting 
GM-CSF antibodies or lipid metabolism have been tried. 
For secondary PAP, treatment of the underlying cause is of 
utmost importance, although often difficult to achieve. For 
instance, effective treatment of underlying malignancies, 
treatment of underlying infection or eliminating the inha-
lation exposure may lead to resolution of PAP in some 
cases.21–25 Table 3 summarizes various treatments 
employed for different types of PAP.

Whole Lung Lavage
Whole Lung Lavage (WLL) is currently the first-line ther-
apy for PAP. Although it is the most widely used treatment 
for PAP, there are no specific guidelines for WLL proce-
dure itself or standardized indications for patients who 
might benefit from WLL. The main indication is the lim-
itation of daily activities due to dyspnea and disease pro-
gression. In the literature, it has been suggested that 
patients with hypoxemia with partial pressure of oxygen 
(PaO2) less than 70 mmHg on room air or poor gas 
exchange indicated by increased alveolar-arterial (A-a) 
oxygen gradient greater than 40 mmHg are more likely 
to have disease progression and thus may benefit from 
WLL.26,27 Other indications for WLL are respiratory 
symptoms, declining oxygenation, worsening disease on 

Figure 1 Chest CT of a patient with PAP demonstrating interlobular and intralob-
ular septal thickening in crazy-paving pattern.
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imaging, and declining lung function, including gas 
exchange or forced vital capacity.28 Most of the patients 
undergo WLL in the first year of diagnosis.7

Over the years, the procedure of WLL has been mod-
ified but is not yet standardized. WLL is an invasive 

procedure performed via double-lumen endobronchial 
intubation in order to physically remove the lipoproteinac-
eous material from the alveoli. WLL requires single lung 
ventilation. In patients who cannot tolerate single lung 
ventilation, extra corporeal membrane oxygenation 
(ECMO) support may be required for the procedure. 
Most centers perform WLL in separate sessions for each 
lung and treat the most severely affected lung, as per 
imaging, first. If imaging is equivocal, obtaining 
a perfusion scan may help determine a better-perfused 
lung, and the lung that can tolerate single lung ventilation 
better.29 The lavage of the second lung is usually safer as 
the disease improves after the treatment of the diseased 
lung with first WLL. Multiple aliquots of warm saline are 
infused with a total of 5–40 L per lung to emulsify and 
remove the PAP sediment. Chest percussion device used 
during the lavage procedure may augment the lavage out-
put. In a global survey over different centers with 1110 
WLL procedures, the most commonly reported complica-
tions were fever (18%) followed by hypoxemia (14%), 

Table 3 Treatment for Pulmonary Alveolar Proteinosis (PAP)

Treatment

Primary PAP
1. Whole Lung Lavage

2. GM-CSF supplementation
3. Therapies targeting GM-CSF antibodies:   

a) Rituximab b) Plasmapheresis

4. Lung Transplantation for end stage fibrosis
5. Gene Therapy

Secondary PAP
1. Treatment of underlying etiology

2. Avoidance of inhalation exposure if suspected

3. Whole lung lavage

Abbreviation: GM-SCF, granulocyte-macrophage colony stimulating factor.

Table 2 Diagnosis of Pulmonary Alveolar Proteinosis (PAP)

Diagnosis

1. Laboratory Findings
a. GM-CSF Antibodies – Pathognomonic and Positive in autoimmune PAP  

b. ESR, CRP, LDH – Can be elevated

2. PFT

a. Impaired Gas Exchange - Decreases DLCO, Increased A-a gradient  

b. Normal  
c. Restrictive Ventilatory Defect > Obstructive Ventilatory Defect

3.Imaging

a. Chest Radiograph - Bilateral Alveolar Opacities  

b. CT   
i. Uniform ground glass > zonal predominance   

ii. Interlobular opacities (85%),   

iii. air-space opacities (78%),   
iv. substantial fibrosis (7%),   

v. intralobular opacities (7%).

4. Bronchoalveolar Lavage Fluid (BALF)

i. Characteristic milky and opaque appearance, and it settles into a thick sediment layer and a translucent supernatant.  

ii. Microscopy of BALF is large, foamy macrophages containing eosinophilic granules, with extracellular globular hyaline material found    
homogeneously positive on PAS and negative on Alcian blue staining  

iii. Electron microscopy - abundant concentrically laminated structures called lamellar bodies  

iv. Elevated GM- CSF antibody and tumor markers

5. Lung biopsy

i. Lung biopsy (transbronchial or surgical) not mandatory for the diagnosis but to be considered for select patients

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; LDH, Lactate dehydrogenase; DLCO, diffusion capacity for carbon monoxide; PAS, Periodic 
Acid-Schiff; GM-SCF, granulocyte-macrophage colony stimulating factor.
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wheezing (6%), pneumonia (5%), fluid leakage (4%), 
pleural effusion (3.1%) and pneumothorax (0.8%).28

WLL has been associated with improvement in dys-
pnea, PaO2, [A-a] gradient, forced expiratory volume 
(FEV1), vital capacity, and diffusion capacity of carbon 
monoxide (DLCO), six-minute walk test.30,31 Forced vital 
capacity (FVC) usually improves immediately after the 
first WLL and continues to improve thereafter. DLCO, 
however, is slow to improve and shows incomplete recov-
ery in most studies.

The timing of subsequent WLL treatments is variable 
and usually dictated by patient’s symptoms and disease 
severity based on pulmonary function and radiographs. 
There is considerable variability in patient response to 
WLL and time in between different treatments. For 
instance, in one of the studies around 70% of patients 
remained without PAP recurrence at seven years.31 

Another study reported a median duration before requiring 
a repeat therapeutic whole lung lavage at approximately 15 
months.7 A global survey of 368 patients with PAP 
reported that the mean number of procedures per patient 
was 2.5 (Standard deviation of 1.5) in a five year period.28

In conclusion, whole lung remains the gold-standard 
treatment for PAP. While there is a lack of data in the form 
of large scale randomized controlled trials comparing 
WLL to other modalities, it is considered a safe procedure 
in an experienced setting, with potential for providing 
long-term benefits in patients with PAP. Experienced cen-
ters for WLL remain relatively limited.

GM-CSF Supplementation
Two routes of recombinant GM-CSF treatment (molgra-
mostim and sargramostim), inhaled and subcutaneous, 
have been trialed in patients with autoimmune PAP. The 
use of recombinant GM-CSF is based on the premise that 
patients with neutralizing antibodies to GM-CSF have 
reduced bioavailability of GM-CSF. At present, GM-CSF 
supplementation therapy is generally considered for 
patients who cannot undergo WLL or have autoimmune 
PAP refractory to WLL. The primary single-patient experi-
ence demonstrated that the use of subcutaneous recombi-
nant human GM-CSF led to a substantial improvement of 
oxygenation generated hypothesis for larger studies.32 

Subsequently, in an open-label study on 25 patients with 
PAP, subcutaneous GM-CSF administration was well tol-
erated and resulted in clinical improvement in terms of 
symptoms and radiographic appearance.33

GM-CSF can be reconstituted in saline and adminis-
tered via nebulizer (Inhaled GM-CSF). For inhaled GM- 
CSF (sargramostim), a smaller prospective trial initially 
demonstrated good tolerance and a modest improvement 
in dyspnea and six-minute walk distance.34 More recently, 
a multicenter, double-blind trial involving 64 patients with 
mild to moderate PAP, inhaled GM-CSF (sargramostim), 
compared with placebo, was associated with a statistically 
significant, but modest improvement in the alveolar- 
arterial oxygen gradient but with no clinically important 
changes in outcomes.35 In another six-month Phase II 
randomized study involving 36 autoimmune PAP patients, 
inhaled GM-CSF (molgramostim) for six months had no 
impact on the alveolar-arterial (A-a) oxygen gradient in 
patients who had mild to moderate pulmonary alveolar 
proteinosis.36 Health-related quality of life measures did 
improve after three months of treatment, and there was 
a marginal improvement in terms of total lung capacity 
and diffusion capacity. In the recently concluded largest 
randomized trial of 138 patients, a continuous regimen of 
300 mcg of molgramostim, in comparison with an inter-
mittent regimen and placebo, demonstrated statistically 
significant improvement in pulmonary gas transfer, clinical 
parameters (including biomarkers and ground glass on CT 
scan) and functional health status compared to placebo, 
with similar rates of adverse events.37

In the pooled analysis of 10 observational studies by 
Sheng et al, including 115 patients with autoimmune PAP, 
GM-CSF demonstrated response rate of 80%, with relapse 
rate of 22% and with improvement in oxygenation 
indices.38 The pooled response rate of GM-CSF therapy 
was not inferior to WLL therapy in terms of disease 
severity score, PFT and 6-min walking test.38 Inhaled GM- 
CSF therapy showed a higher response rate, greater 
improvement in A-a gradient and PaO2 than subcutaneous 
GM-CSF treatment, suggesting inhaled GM-CSF therapy 
could potentially have more benefits in autoimmune PAP 
patients. Another large randomized control trial is under-
way at this time to look at inhaled GM-CSF molgramostim 
in autoimmune PAP.

Thus, GM-CSF is a feasible option as a primary treat-
ment for those who cannot tolerate WLL or as an adjuvant 
therapy for those with persistent disease. Cumulative evi-
dence from studies so far demonstrates variable and mod-
est improvements in both subjective and physiologic 
parameters. Inhaled GM-CSF, when used daily in patients 
with moderate to severe autoimmune, PAP, has an edge 
over subcutaneously administered GM-CSF. Definitive 
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evidence regarding the use of recombinant GM-CSF as 
primary therapy is lacking.

Rituximab
Rituximab is a monoclonal antibody targeting CD20 of 
B cells with proven efficacy for various hematological and 
autoimmune disorders. It works by depletion of B cells 
and can decrease production of the (GM-CSF) autoantibo-
dies. By targeting CD20 of B cells and reducing antibo-
dies, the autoantibody levels can be reduced in 
autoimmune PAP. In a retrospective analysis of patients 
with autoimmune PAP, 13 patients who were treated with 
rituximab did not show any improvement six months after 
treatment, but four patients (30%) presented a significant 
decrease in A-a difference in oxygen after one year (which 
might not be related to rituximab therapy but to 
a spontaneous improvement).39 No serious adverse events 
were noticed in patients treated with rituximab. In contrast, 
in an open-label, phase II study of 10 patients with auto-
immune PAP, rituximab was infused intravenously for two 
doses about two weeks apart. Compared to pre-treatment 
values, arterial oxygen, A-aO2 difference and imaging 
significantly improved following rituximab treatment, 
and anti-GM-CSF IgG level decreased in the BALF.40 

Thus, available evidence is not sufficient for rituximab to 
be considered as first-line therapy but in selected patients 
with refractory PAP, as long as an underlying systemic 
infection has been ruled out, a trial of rituximab may be 
reasonable.

Plasmapheresis
GM-CSF antibodies play a pathogenic role in autoimmune 
PAP, and plasmapheresis can potentially reduce circulating 
antibodies and consequently restore the surfactant hemos-
tasis. However, the evidence for plasmapheresis in patients 
with PAP is limited to case reports. These case reports 
have shown a variable and modest benefit at best - some 
showing lower level of systemic anti-GM-CSF antibodies, 
improvement in chest radiograph, and arterial oxygen con-
centration increment from 50 to 70 mmHg,16,41 while 
others showing no significant clinical change despite 
a reduction in autoantibody levels.42

Lung Transplantation
Lung transplantation is a possibility in patients who have 
minimal to no response to the above measures and have 
progressive clinical deterioration. This is mainly in 
patients with progressive pulmonary fibrosis. There have 

been case reports of a recurrence of PAP after double lung 
transplantation.43–45 Hence lung transplantation should be 
reserved for selected candidates and recipients should be 
monitored for recurrence.

Glucocorticoids
Autoimmune diseases are often treated with corticoster-
oids and therefore have been used in the treatment of PAP. 
However, systemic corticosteroids have not been shown to 
be beneficial in PAP patients. In a retrospective analysis of 
31 patients from different centers, PAP deteriorated during 
corticosteroid therapy in 74% of patients and an acceler-
ated rate of worsening noticed in patients treated with 
high-dose steroids.46 There was associated increased mor-
tality, which was attributed to new infections in these 
patients. While the exact reason for corticosteroids causing 
harm is unclear, presently its use is not recommended 
for PAP.

Other Agents of Potential Use
In a mouse PAP model, the lipid content of both alveolar 
macrophages and type 2 epithelial cells, two primary cells 
involved in surfactant homeostasis, was high compared to 
wild-type animals.47 These mice, when treated with sta-
tins, had a diminished BAL turbidity, decreased choles-
terol level, and improvement of PAP because of the efflux 
of cholesterol from alveolar macrophages.48 In PAP, sur-
factant composition has been noted to have an altered 
cholesterol/phospholipid ratio, with markedly higher 
amount of cholesterol and less amount of phospholipid. 
A recent publication also reported the use of pioglitazone, 
a thiazolidinedione, to ameliorate PAP.49 Whether the lim-
ited evidence of these agents will evolve into a meaningful 
impact on large-scale trials remains to be seen.

Gene Therapy
Gene therapy can play an important part in hereditary PAP. 
Induced pluripotent stem cells (iPSC) represent a possible 
source for in vitro generation of macrophages.50 Protocols 
to obtain functional macrophages that recapitulate the 
pathognomonic defects in GM-CSF signaling and macro-
phage function have been established.51 These gene- 
corrected macrophages can become a possible autologous 
cell source for therapeutic strategy in hereditary PAP.52 

Hematopoietic stem cell transplantation with subsequent 
clinical improvement has been reported in PAP patients 
with GM-CSF receptor deficiency.53 In another approach 
in children with hereditary PAP due to CSF2RA or 
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CSF2RB mutations, Suzuki and colleagues report Csf2rb- 
gene-corrected pulmonary macrophage transplantation to 
have a significant clinical improvement with only one 
administration, and was well tolerated.54

Supportive Care
Patients with PAP are at high risk for infectious complica-
tions given the macrophage dysfunction. Patients should 
be counseled for immunizations, including annual influ-
enza and, where appropriate, pneumococcal and COVID- 
19 vaccine. Avoidance of any potential inhalational insult, 
both occupational or recreational in nature, should be 
emphasized. Cigarette smoking has been found not only 
to be a possible trigger but it also increases the number of 
sessions of WLL required by patients.55 Smoking avoid-
ance should be advised in these patients. Long-term oxy-
gen therapy is sometimes necessary in patients with poor 
gas exchange and decreased PaO2. Pulmonary rehabilita-
tion should also be considered on a case-by-case basis. 
Since PAP is a chronic disease, there is a possible burden 
associated with treatment, in addition to the treatment 
itself. Patients with PAP, like all other chronic diseases, 
often require chronic disease management in order to 
control their symptoms and avoid complications associated 
with the disease.

Conclusion
Early diagnosis and targeted treatment remain the corner-
stone of the management of PAP. WLL is the most widely 
used and accepted treatment for primary PAP. In the last 
few years, our knowledge of PAP pathogenesis has 
improved with the identification of the role of GM-CSF 
signaling; as a result, inhaled GM-CSF has emerged as 
a potential therapy. In addition, approaches like statin 
therapy and pulmonary alveolar macrophage transplanta-
tion are other promising areas that need further research. 
There is a scarcity of randomized control trials in patients 
with PAP, given the rarity of the disease, making data 
interpretation difficult. Cohort enrichment efforts at spe-
cialized PAP centers following the footsteps of other rare 
disease states, such as cystic fibrosis, could potentially 
serve as a beacon for further clinical trials. In addition, 
patient advocacy-based foundation plays an important role 
in the management of rare diseases like PAP.
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