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Rare lung diseases II: Pulmonary alveolar proteinosis
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The present article is the second in a series on rare lung diseases. It

focuses on pulmonary alveolar proteinosis (PAP), a disorder in which

lipoproteinaceous material accumulates in the alveolar space. PAP

was first described in 1958, and for many years the nature of the

material accumulating in the lungs was unknown. Major insights into

PAP have been made in the past decade, and these have led to the

notion that PAP is an autoimmume disorder in which autoantibodies

interfere with signalling through the granulocyte-macrophage

colony-stimulating factor receptor, leading to macrophage and neu-

trophil dysfunction. This has spurred new therapeutic approaches to

this disorder. The discussion of PAP will begin with a case report,

then will highlight the classification of PAP and review recent

insights into the pathogenesis of PAP. The approach to therapy and

the prognosis of PAP will also be discussed.
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Les maladies pulmonaires rares II : 
La protéinose alvéolaire pulmonaire

Le présent article est le deuxième d’une série sur les maladies pulmonaires

rares. Il porte sur la protéinose alvéolaire pulmonaire (PAP), un trouble

qui provoque l’accumulation de substances lipoprotéinacées dans les

espaces alvéolaires. La PAP a été décrite pour la première fois en 1958, et

pendant de nombreuses années, la nature de la substance s’accumulant

dans les poumons est demeurée inconnue. On a fait d’importantes obser-

vations sur la maladie depuis dix ans, lesquelles ont permis d’établir que la

PAP est une maladie auto-immune qui provoque l’interférence des auto-

anticorps avec la signalisation par le récepteur des facteurs stimulant les

colonies de granulocytes-macrophages, provoquant un dysfonction-

nement des macrophages et des neutrophiles. Ce constat a suscité de nou-

velles démarches thérapeutiques pour cette maladie. L’exposé sur la PAP

commence par une étude de cas, puis porte sur la classification de la PAP

et l’analyse des récentes observations sur la pathogénèse de la maladie. La

démarche à l’égard du traitement et du pronostic de la PAP sera égale-

ment abordée.

CASE PRESENTATION
A 46-year-old woman presented with a six-month history of
progressive exertional dyspnea and fatigue. There was no his-
tory of fever, cough, weight loss, chest pain or peripheral edema.
Her medical history included iron deficiency anemia that
required parenteral iron replacement. She took no medica-
tions, except for iron replacements, and was a lifelong non-
smoker. She worked as a cashier, drank alcohol socially, had no
known allergies, no pets and no history of recent travel.

On physical examination she appeared well, with no respi-
ratory distress. The following parameters were recorded: blood
pressure 110/65 mmHg, heart rate 78 beats/min, respiratory
rate 20 breaths/min and body temperature 37.2°C. Her arterial
O2 saturation on room air was 91%. Her jugular venous pres-
sure was not elevated. Cardiac examination revealed normal
first and second heart sounds, with no murmurs or extra sounds.
Auscultation of the chest revealed scattered inspiratory crackles
bilaterally. Her abdominal examination was unremarkable,
without organomegaly, and there was no peripheral cyanosis,
clubbing or edema.

Laboratory findings revealed a normal complete blood count
and differential. Serum electrolytes, liver and renal function
tests were all normal. Arterial blood gas analysis on room air
revealed pH 7.37, partial pressure (P) of CO2 37 mmHg, PO2
62 mmHg, and bicarbonate 24 mmol/L. A chest radiograph
demonstrated bilateral diffuse airspace opacities affecting both
lungs (Figure 1). A computed tomography scan of the chest

(Figure 2) revealed diffuse, multifocal, patchy ground glass
opacities, with superimposed reticulations resulting in a ‘crazy
paving’ appearance.

The patient underwent bronchoscopy with bronchoalveolar
lavage from the right middle lobe. The lavage fluid was sent for
routine cytology, cell count and differential, Gram stain and
bacterial culture, acid-fast stain and mycobacterial culture, and
fungal stain and culture; all returned negative. A video-assisted
thoracoscopic lung biopsy revealed the presence of eosinophilic
foamy material in the alveolar spaces (Figure 3). A diagnosis of
primary alveolar proteinosis (PAP) was made, and she under-
went bilateral whole lung lavage (WLL), which resulted in sig-
nificant improvement in clinical, radiological and pulmonary
function parameters. However, her symptoms recurred after
six months. She underwent repeat bilateral WLL, with tempo-
rary improvement, followed by a recurrence of symptoms and
radiographic abnormalities within a few months. A third WLL
resulted in only minor improvement. Therapy with inhaled
granulocyte-macrophage colony-stimulating factor (GM-CSF)
was initiated and continued for 12 weeks. This resulted in
improved clinical and radiological parameters, and she has
remained stable over the past two years.

PAP
Clinical features and classification of PAP
PAP is a rare lung disease characterized by the accumulation
of excess lipoproteinaceous (surfactant-like) material in the
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alveolar compartment. It was first recognized as a distinct
clinical entity in 1958 (1). There are three clinically recog-
nized categories of PAP (2): idiopathic PAP, with onset occur-
ing in adulthood; secondary PAP, also typically occurring in

adulthood and resulting from another disorder or exposure;
and congenital PAP, which occurs in the neonatal period, and
causes severe respiratory distress.

Idiopathic PAP, the most common form of the disorder, is
generally diagnosed in young to middle-aged adults, with a
median age at diagnosis of 39 years (2). A recently published
analysis (2) of 410 cases of PAP revealed that the median delay
between symptom onset and diagnosis is seven months. The
disorder is two to three times more common in men, and
approximately 72% of patients are smokers (2). More than
90% of cases of PAP are classified as idiopathic (1,3,4), with no
identifiable familial or secondary etiology.

Patients with PAP report progressive exertional dyspnea,
often associated with malaise and low-grade fever. However,
prominent fevers should prompt an aggressive search for an
underlying infection, as discussed in more detail below. Weight
loss may be a clinical feature. A nonproductive cough and,
occasionally, hemoptysis may occur.

On examination, patients with PAP usually do not exhibit
any specific findings (2). Digital clubbing is uncommon; aus-
cultation of the chest may reveal fine crackles, but is more
frequently unrevealing. With these nonspecific symptoms, it is
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Figure 1) Posterior-anterior chest x-ray of a 46-year-old woman with
alveolar proteinosis, characterized by bilateral perihilar alveolar infiltrates

Figure 2) Chest computed tomography scan of the patient with alveo-
lar proteinosis, illustrating bilateral ground glass alveolar infiltrates and
interlobular septal thickening consistent with a ‘crazy paving’ pattern

Figure 3) Open lung biopsy stained by hematoxylin and eosin, illus-
trating the eosinophilic foamy material present within the alveolar
spaces. A The scale bar represents 1.0 mm. B The scale bar represents
0.05 mm



not surprising that many patients are misdiagnosed with
chronic bronchitis. When chest radiography is performed, the
radiographic findings are often strikingly more severe than
would be expected based on the patient’s history and physical
examination.

When evaluating a patient with suspected PAP, care must
be taken to consider possible exposure to environmental haz-
ards that have been associated with secondary PAP. It should
be noted, however, that many of these putatively causal expo-
sures are only described in single case reports or small case
series, and hence, direct evidence of causation is lacking.
Examples of occupational exposures that have been associated
with PAP include a variety of organic and inorganic dusts
(flour, cement, wood) and fumes (chlorine gas, gasoline, plas-
tics). Exposure to a heavy inhalational burden of silica has
long been recognized to trigger acute ‘silicoproteinosis’ (5,6),
a condition that has many similarities to alveolar proteinosis,
but this disorder is now uncommon in the era of workplace
safety standards that mandate the use of personal protective
equipment.

A variety of systemic disorders have been reported to be
associated with PAP, and these cases are classified as secondary
PAP. Most frequently, secondary PAP is reported in association
with hematological disorders such as chronic myelogenous
leukemia and myelodysplastic syndromes (7,8). Altered immu-
nity resulting from HIV infection (9), hypogammaglobuline-
mia (8), thymic alymphoplasia (10) and immunoglobulin (Ig) A
deficiency (11) have all been associated with secondary PAP.
The rare genetic disorder known as lysinuric protein intoler-
ance, caused by a mutation in the y+L amino acid transporter-1
gene (12,13), leads to impaired membrane transport of dibasic
amino acids. Its consequences include hematological abnor-
malities and secondary PAP (14,15).

Congenital PAP, first described in 1981 (16), is a rare cause
of neonatal respiratory distress syndrome. Clinically, such
infants present with respiratory distress that is not responsive
to surfactant or corticosteroid therapy. In such infants, lung
transplantation is the only available life-saving therapy. As dis-
cussed further below, the pathogenesis of congenital PAP is
quite distinct from that of PAP developing in adulthood.

Biology and pathogenesis of PAP
As described above, PAP of all types is characterized by the
accumulation of surfactant-like material in the alveolar spaces.
That the accumulated material in PAP may be a functional
surfactant was first proposed in 1965 (17). In an elegant series
of in vivo and in vitro experiments, Ramirez and Harlan (18)
demonstrated in 1968 that the accumulation of phospholipids
in the alveolar space in PAP was the result of decreased clear-
ance, rather than of increased synthesis, of this material. They
further demonstrated that the nature of the phospholipid in
PAP is chemically similar (but not identical) to that of a natu-
rally occurring surfactant. Although the latter assertion was ini-
tially challenged on the basis that the material isolated from the
lungs of PAP patients lacked surface-active properties, subse-
quent studies have demonstrated that the material has bona
fide surfactant properties (interested readers are referred to ref-
erence 2 for a review).
Alveolar macrophage dysfunction: The finding that surfactant
clearance is impaired in PAP led to the hypothesis that PAP is
the result of a defect in alveolar macrophage function. In the
1970s, several studies demonstrated that alveolar macrophages

obtained from PAP patients by bronchoalveolar lavage (BAL)
were phenotypically immature (19) and exhibited reduced abil-
ity to phagocytose Candida pseudotropicalis (19) and
Staphylococcus aureus (20). These findings also supported the
clinical observation that patients with PAP are predisposed to
pulmonary infections. An early case series (21) appeared to sup-
port this latter hypothesis, describing an increased frequency of
opportunistic infections in PAP patients. Many of the patients
included in the studies in the present review, however, likely
had secondary PAP related to an underlying hematological
malignancy; many had also received immunosuppressive ther-
apies, and it is therefore difficult to conclude from this evi-
dence alone that PAP confers a predisposition to infection.
Unexpected insights from knockout mice – the role of GM-
CSF: In the 1970s and 1980s, intense interest in GM-CSF had
developed in the field of experimental hematology. GM-CSF is
a potent stimulator of myeloid hematopoiesis, and was cloned
in 1984 (22). GM-CSF binds to a cell surface receptor that is
comprised of a distinct alpha chain and a beta (β) chain. The
latter is also a component of the receptors for interleukin (IL)-3
and IL-5. Knockout mice lacking either the gene for GM-CSF
itself (23,24), or for the β chain of the receptor (25,26) were
generated in the 1990s. To the surprise of the investigators,
these mice did not have abnormal hematopoiesis, but instead
reliably developed a pulmonary disorder indistinguishable from
PAP. Furthermore, they also exhibited defective clearance of
radiolabelled surfactant components, rather than increased
surfactant synthesis, in keeping with the earlier observations
made by Golde et al (19).

The GM-CSF receptor is expressed on type II pneumocytes
and on alveolar macrophages (27,28); pulmonary epithelial
cells are a source of GM-CSF (27). Local intrapulmonary
delivery of exogenous GM-CSF (29) or alveolar epithelial
overexpression of GM-CSF (29) can correct the pulmonary
pathology observed in GM-CSF-deficient mice. Notably, GM-
CSF-deficient mice also have other abnormalities, including a
predisposition to infections (30,31) and impaired macrophage
function (32,33). Together, this series of investigations sug-
gested that a GM-CSF deficiency in mice is a model that very
closely resembles human PAP.

The link between GM-CSF and human idiopathic PAP was
revealed when anti-GM-CSF antibodies were detected in the
serum and BAL fluid of patients with the disease (34-36). This
key finding explained the attenuated hematopoietic response
observed in studies of GM-CSF used as a therapeutic agent for
idiopathic PAP (37-39). Furthermore, the presence of antibod-
ies that neutralize GM-CSF in patients with idiopathic PAP
provides a pathogenetic explanation for the development of
the disease in the absence of genetic abnormalities of GM-CSF
or its receptor. Idiopathic PAP can therefore now be classified
as an autoimmune disorder (2).

Why does the lack of GM-CSF, either due to its complete
absence (in the knockout mouse) or to its binding by autoan-
tibodies (in idiopathic PAP), lead to surfactant accumulation?
The precise mechanism by which this occurs is not yet
known, but it has been demonstrated that alveolar
macrophages from GM-CSF-deficient mice exhibit decreased
expression of PU.1, a transcription factor required for the
functional maturation of these cells (40). These cells were
unable to metabolize surfactant; however, when provided with
GM-CSF in vitro, they expressed PU.1 and cell surface mark-
ers characteristic of mature macrophages, and acquired the
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ability to metabolize surfactant. PAP patients treated with
GM-CSF had higher levels of PU.1 expression than healthy
controls or PAP patients before treatment (41).

Additional signalling events downstream of the GM-CSF
receptor also appear to be important for surfactant catabolism.
Peroxisome proliferator-activated receptor-gamma (PPAR-γ)
is activated by GM-CSF stimulation, which in turn activates
the transcription of genes required to metabolize lipids and glu-
cose. PPAR-γ messenger RNA transcripts are absent in the
alveolar macrophages of PAP patients, but are present in the
alveolar macrophages of healthy control subjects (42).
Moreover, GM-CSF therapy restores PPAR-γ expression to
control levels in patients with PAP (42).

Together, these animal and human observations illustrate
the critical role of anti-GM-CSF autoantibodies in the
pathogenesis of idiopathic PAP. They reveal the importance
of GM-CSF in maintaining surfactant homeostasis in the
alveolar microenvironment. Furthermore, they demonstrate
that GM-CSF acts by driving the functional maturation of
alveolar macrophages.
Infections associated with PAP: Although micro-organisms
can be isolated from the lungs of PAP patients by BAL, many
of these potential pathogens are rarely associated with clinical
evidence of infection. For example, while the lung lavages of
eight of 19 sequential patients treated between 1984 and 1992
grew nontuberculous mycobacteria, none of these patients
manifest clinical evidence of disease related to infection from
these organisms (43). In contrast, other investigators have
observed an increased prevalence of disseminated opportunis-
tic infections in patients with PAP. In particular, infection of
the central nervous system by Aspergillus species (44) and
Nocardia species (45-47) has been described. In Seymour and
Presneill’s 2002 review (2) of 410 cases of PAP, Nocardia
species were isolated in 34 cases. They hypothesized that this
observed increase in the frequency of disseminated and oppor-
tunistic infections may indicate a systemic defect in immunity
in patients with PAP, although they did not detect any differ-
ence in neutrophil counts, corticosteroid use or cigarette
smoking among patients with and without these infections (2).

A recent publication by Uchida et al (48) provided addi-
tional insight into the increased prevalence of infections
observed in patients with PAP. The authors hypothesized that
the presence of GM-CSF antibodies may also contribute to
neutrophil dysfunction in patients with PAP, and in the GM-
CSF knockout mouse. Although neutrophil ultrastructure was
normal, neutrophil phagocytic capacity was reduced, as were
markers of neutrophil activation in response to GM-CSF stim-
ulation. These deficiencies were observed both in mouse neu-
trophils and in neutrophils from patients with PAP, but not in
those from healthy control subjects. Bacterial killing by neu-
trophils was also moderately diminished in both the mouse
model and in patients with PAP, as compared with unaffected
controls. Therefore, anti-GM-CSF antibodies appear to medi-
ate functional impairment in both neutrophils and
macrophages in PAP, which translates into a global but subtle
defect in the innate immune response to bacterial infection.

As previously mentioned, secondary PAP has been described
in the setting of HIV (9,49-52). However, this association is
still restricted to case reports, and a direct pathogenetic rela-
tionship between HIV and secondary PAP has not been estab-
lished. Some authors have suggested that Pneumocystis jirovecii
pneumonia is responsible for these cases of PAP (50) and not

HIV infection per se. Moreover, the propensity for patients
with either PAP (of any type) or HIV to present with oppor-
tunistic pulmonary infections such as those due to P jirovecii
and Nocardia asteroides could conceivably lead to a diagnostic
dilemma. In the event of uncertainty, clinicians should consider
ordering HIV serology to exclude this diagnosis.
Pathogenesis of congenital PAP: Deficiency of surfactant pro-
tein (SP)-B was reported in a patient with congenital PAP in
1993 (53). In fact, an inherited autosomal recessive mutation
in the SP-B gene is the cause of this disorder in many cases
(54). However, abnormalities in other proteins have been
reported, such as the common β chain of the IL-3, IL-5 and
GM-CSF receptors (55), and in SP-C (56). It appears that
congenital PAP can result from diverse genetic abnormalities,
with many cases as yet unexplained (57).

Physiological testing
On pulmonary function testing, a restrictive ventilatory defect
is usually apparent in PAP patients, with reductions in total
lung capacity and vital capacity (2,3). The diffusing capacity
for carbon monoxide is often reduced out of proportion to the
degree of the restrictive defect. Hypoxemia with an elevated
alveolar-arterial PO2 gradient is the result. Arterial blood gas
analysis often reveals compensated respiratory alkalosis (8). A
markedly elevated shunt fraction while breathing 100% O2 has
been reported in PAP patients (58).

Radiographic abnormalities
In PAP, posteroanterior and lateral chest radiographs typically
demonstrate bilateral and symmetrical airspace opacities that
seem out of proportion to the relatively modest and indolent
symptoms and clinical presentation. The opacities are generally
most dense in the perihilar regions, and may exhibit a ‘butter-
fly’ configuration, similar to pulmonary edema or P jirovecii
pneumonia (1,59). Other patterns may be seen, including focal
infiltrates, reticular markings, nodules and asymmetrical infil-
trates. Pleural effusions and lymphadenopathy are absent but,
generally, the plain radiographic findings are nonspecific.

Computed tomography provides better visualization of the
pulmonary parenchyma and illustrates the nature of the infil-
trates. Again, however, opacities may be peripheral or central,
focal or diffuse (60). Typically, ground glass opacities and
increased interstitial markings are seen. Airspace opacities may
be sharply demarcated from adjacent normal parenchyma in a
nonanatomical fashion, creating a geographic appearance
(60). The combination of interlobular septal thickening and
ground glass opacification has been termed the ‘crazy paving’
appearance, due to its resemblance to cobblestones laid in an
irregular, unpredictable fashion.

The crazy paving appearance was once believed to be pathog-
nomonic for PAP, but has since been described in other condi-
tions. Examples include bronchioloalveolar cell carcinoma,
P jirovecii pneumonia, alveolar hemorrhage, sarcoidosis, crypto-
genic organizing pneumonia and nonspecific interstitial pneu-
monia (61). Exogenous lipoid pneumonia and drug-induced
lung diseases may also produce the same appearance (61). Given
this broad differential diagnosis, a further careful diagnostic eval-
uation is required.

Diagnosis of PAP
Laboratory studies: Most routine laboratory studies are nor-
mal in patients with PAP. Serum lactate dehydrogenase may be
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elevated (58,62), but this is a nonspecific finding. Similarly, ele-
vated levels of SP-A, SP-B and SP-D have been reported in PAP
(63-66), but again, this finding is present in other disorders as
well. Serum and BAL levels of the mucin-like protein KL-6 (67)
are markedly elevated in PAP, and appear to correlate with dis-
ease activity. Overall, however, these laboratory indicators have
not proven useful in making the diagnosis of PAP.

Anti-GM-CSF antibodies, as described above, are central
to the pathogenesis of idiopathic PAP, and have shown prom-
ise as a diagnostic test. In the initial report by Kitamura et al
(34), 11 idiopathic PAP patients, two secondary PAP patients,
53 healthy individuals and 14 patients with other lung diseases
were examined. PAP was diagnosed by BAL and lung biopsy.
BAL was performed in all of the patients and in 30 of the
healthy subjects. Blood samples were obtained from 30 of the
healthy subjects, five of the idiopathic PAP patients and one of
the secondary PAP patients. The authors found that polyclonal
anti-GM-CSF IgG antibodies were present in all serum and
BAL fluid samples from idiopathic PAP patients, but were not
present in the serum or BAL fluid of any of the other subjects,
including those with secondary PAP. Furthermore, serum from
the three patients with idiopathic PAP in remission (ie, no
symptoms, clear chest radiograph) still contained the antibod-
ies (34). Therefore, although this was a small study, it provides
powerful evidence that IgG anti-GM-CSF antibodies drive the
development of idiopathic PAP and may represent a useful
diagnostic tool.
Bronchoalveolar lavage and lung biopsy: The diagnosis of
PAP can be established definitively with BAL and/or lung
biopsy. BAL fluid from patients with PAP is opaque and milky
in appearance. When allowed to stand, the fluid spontaneously
separates into a pale yellow, almost translucent supernatant
and a thick sediment (8). A cytospin preparation demonstrates
the presence of amorphous, granular, eosinophilic material.
The enlarged alveolar macrophages obtained in this manner
are characteristically vacuolated and foamy in appearance.
Electron microscopy demonstrated the presence of tubular
myelin, lamellar bodies and fused membrane structures within
the amorphous extracellular material (3). These electron
microscopical characteristics are morphologically the same as
those of surfactant.

Open lung biopsy, traditionally considered to be the gold
standard diagnostic test, is now largely unnecessary in the
majority of cases of PAP; the combination of the clinical
presentation, imaging findings and BAL results are generally
sufficient to make the diagnosis (2). Biopsy specimens reveal
multiple nodular areas of consolidation, with periodic acid-
Schiff stain-positive acellular material filling the alveoli and
terminal bronchioles. There may be a mild associated lym-
phocytic infiltrate in the interstitium (1), but this feature is
minor in comparison with the findings in the alveolar com-
partment. Importantly, the underlying architecture of the
lung is usually preserved. In advanced cases, fibrotic changes
may develop, which can lead to architectural distortion,
although this is uncommon (68-70). As is the case with BAL
samples, electron microscopy can be employed to examine
the acellular material for the presence of tubular myelin in
difficult cases.

Therapy
Treatment for idiopathic PAP has evolved from the use of a
variety of nonspecific and largely ineffective agents, to the

physical removal of the lipoproteinaceous material from the
lungs, to the development of specific therapy targeted at the
underlying pathogenesis of the disorder.

The first publication to describe PAP (1) also discussed its
unsuccessful treatment with postural drainage, antibiotics and
corticosteroids. Inhalation of aerosolized trypsin (71) and
lavage with heparin and saline (72) have been reported to be
helpful in isolated cases, as has the mucolytic agent ambroxol
(73,74). Overall, however, these therapies have not shown
success in large numbers of patients (2), unlike WLL.
WLL: WLL has long been considered the definitive therapy
for PAP. The idea that the accumulated material could be
physically removed from the lungs of PAP patients was first
advanced in the early 1960s, when selective segmental lavage
was reported by Ramirez et al (18,75). This was a trying experi-
ence for patients and physicians because it involved the
transtracheal blind administration of warmed saline with only
minimal analgesia, several times daily, for several weeks (76).
However, in addition to providing the conceptual basis for the
development of WLL, it represented the advent of the use of
BAL as a therapeutic tool in modern pulmonary medicine.

WLL is now performed under general anesthesia, with a
double-lumen endotracheal tube in place. The lungs are venti-
lated for 20 min with 100% O2 to wash out nitrogen. The lung
to be treated is then isolated at end-expiration, and the volume
of that lung is estimated from the preoperative functional
residual capacity. Warmed 0.9% saline is then instilled at a rate
of 100 mL/min, which approximates the rate of absorption of
the 100% O2 from the lung. Once the functional residual
capacity has been replaced with saline, tidal volume-sized
aliquots of saline are instilled under gravitational force and
then allowed to drain out. The procedure is repeated, often
using 10 L to 12 L of saline per lung, until the effluent, which
is typically initially milky and turbid, becomes clear (77).
Once this occurs, residual fluid is aspirated and the lung is ven-
tilated with 100% O2 again. A decision can then be made
whether to proceed to WLL of the contralateral lung (77).
Chest percussion is commonly included in the procedure to
promote clearance of the lipoproteinaceous material (78). The
WLL procedure takes 2 h to 4 h and should be performed in a
centre with anesthesiologists skilled in the placement and
management of double-lumen endotracheal tubes. Care must
be taken to avoid barotrauma. Saline thorax is another poten-
tial complication; insertion of a chest tube is occasionally
required. Diuresis is forced during the procedure and for several
days afterward to ensure resorption of all excess extravascular
lung water. In severely hypoxic patients with PAP, WLL has
been performed with extracorporeal membrane oxygenation
and in hyperbaric chambers (79,80).

Because no prospective studies of WLL are available, it is
difficult to determine the effect of this procedure on prognosis.
However, the vast majority of cases of idiopathic PAP have
been reported to improve on clinical, radiographic and physio-
logical grounds following WLL (2). Improvement in PO2,
forced vital capacity, total lung capacity and diffusing capacity
for carbon monoxide is expected for several days following the
procedure (81). The goal of therapy is a return to normal func-
tioning, with freedom from symptoms such as exertional dysp-
nea (77). The median duration of freedom from recurrent
symptoms appears to be approximately 15 months, but is highly
variable, with many patients needing only a single lavage (2).
A small number of patients do not respond to WLL, and
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younger age appears to be the major predictor of a poor
response. Nonresponders had a similar long-term prognosis to
responders, save for slightly decreased survival (87%±9% ver-
sus 97%±2%) in these patients in the first six months after
WLL (2). It should be noted that congenital PAP appears to be
particularly unlikely to respond to WLL (2).
GM-CSF therapy for idiopathic PAP: The discovery that
GM-CSF-deficient mice develop a disorder resembling PAP,
which resolves when GM-CSF is replaced, led to the hypothe-
sis that GM-CSF therapy could be effective in humans with
the disorder. The first prospective study of GM-CSF therapy in
PAP patients began in 1995. Fourteen patients with idiopathic
PAP were treated with 5 µg/kg/day of GM-CSF given subcuta-
neously. Five patients (36%) responded, as judged by improve-
ments in the alveolar-arterial gradient for O2; a sixth patient
responded following an escalation of the dose to 20 µg/kg/day
(38). The remaining eight patients did not respond to GM-
CSF. All patients had anti-GM-CSF antibodies in serum
obtained before the initiation of therapy. A second study,
using a dosage of 5 µg/kg/day to 9 µg/kg/day, reported signifi-
cant clinical, radiographic and physiological improvements
in five of seven patients, including improvements in the
alveolar-arterial gradient (82,83). Benefits are generally not
seen for eight to 12 weeks (83). Interestingly, the hematopoi-
etic response to GM-CSF is blunted, which appears to result
from the presence of anti-GM-CSF antibodies (38,83). In sum-
mary, although GM-CSF is generally well tolerated, the overall
response rate to this therapy in these two small, nonrandomized
studies appears to be less than 50%, which is in stark contrast to
the ability of WLL to produce rapid improvements in symptoms
and pulmonary function in the majority of patients. There are
reports of the successful use of inhaled GM-CSF for the treat-
ment of PAP. Further studies of GM-CSF therapy in idiopathic
PAP are clearly warranted to better define its role.
Treatment of secondary PAP: If secondary PAP is diag-
nosed, the underlying disorder must be treated, or the patient
should be removed from exposure to the suspected environ-
mental agent. Additional treatment with WLL may still be
necessary, and has been performed successfully, in secondary
PAP (84-86). Because secondary PAP is not associated with
anti-GM-CSF antibodies, there is no rationale for GM-CSF
in its treatment.
Treatment for congenital PAP: As with secondary PAP,
GM-CSF therapy should not be used for congenital PAP,
which is the result of SP-B deficiency or a mutation in the
β chain of the GM-CSF receptor (and perhaps other unrec-
ognized mutations). Unfortunately, congenital PAP does not
respond well to WLL (2). At the present time, lung trans-
plantation appears to be the only therapeutic option in cases
of congenital PAP.

Prognosis
The prognosis in idiopathic PAP is considerably better than
might be expected, based on the severity of physiological
derangements that can arise in this condition. Actuarial five-
and 10-year overall survival rates are approximately 75% and
68%, respectively (2). Disease-specific survival is higher;
approximately 88% at five years (2). The only specific adverse
prognostic factor identified is age, with patients younger than
five years (many of whom likely had congenital PAP) having an
actuarial survival of only 14% at five years after diagnosis.
Patients older than the median age at diagnosis (39 years) were

at higher risk of death than younger patients, but not for disease-
specific mortality (2). Although smokers are at increased risk for
the development of PAP, continued smoking did not appear to
influence survival (2). Overall, the risk of death from respiratory
failure appears to be approximately 10% to 15% (2).

Spontaneous improvement, or rarely, complete resolution,
occurs in a minority of idiopathic PAP patients. In their review
of all reported cases of PAP to 2002 (2), Seymour and Presneill
reported that 7.9% exhibited some spontaneous improvement.
That such improvement may occur has been recognized since
PAP was first described, with five of the original 26 patients
reported by Rosen and colleagues (1) demonstrating “definite
improvement”. It should be noted that radiographic or physio-
logical improvements are often incomplete (2).

Pulmonary fibrosis has occurred rarely in PAP, typically late
in the course of the disease (69,70). Its clinical and prognostic
significance is unclear, but its presence would be expected to
result in incompletely reversible physiological abnormalities.
Whether the pulmonary fibrosis resulting from PAP is progres-
sive is unclear.

CONCLUSIONS
Like lymphangioleiomyomatosis, PAP is a disease in which sig-
nificant conceptual and therapeutic advances have been made
as a result of investigations into the fundamental biological
aberrations that characterize the disorder. The serendipitous
discovery of PAP-like disease in the GM-CSF-deficient mouse,
and the subsequent finding of anti-GM-CSF antibodies in idio-
pathic PAP patients, has recast it as an autoimmune disorder.

Despite these advances, numerous challenges remain.
Much about the biology of idiopathic PAP is still incom-
pletely understood. For example, what is the role of cigarette
smoking in the pathogenesis of PAP? What is the significance
of the interstitial lymphocytic infiltrate that accompanies
PAP? Although the evidence strongly implicates anti-GM-
CSF antibodies in the pathogenesis of the disease, what trig-
gers their synthesis in individual patients and what factors are
responsible for the waxing and waning course in some
patients?

Therapy for PAP is also an area that merits further investi-
gation. What is the effect of treatment on the natural history
of the disease? WLL effectively treats PAP in most instances,
but it is cumbersome and associated with both morbidity and
mortality. A treatment that can be administered by the patient
is conceptually much more appealing. However, although GM-
CSF can be used, its 50% success rate and expense makes it
suboptimal. Clearly, more research needs to be done to under-
stand why some patients respond and others do not.

Alternative therapeutic approaches are also worth con-
sidering. Given that idiopathic PAP results from the pres-
ence of an autoantibody, B cell-specific treatments may be
useful. Rituximab, a monoclonal antibody directed at the
CD20 molecule expressed on the surface of mature B cells,
was originally employed in the treatment of non-Hodgkin
B cell lymphomas, but has shown efficacy in a variety of
autoimmune diseases (87). Conceivably, this agent, or a sim-
ilar one, may be useful in the treatment of PAP. Similarly, it
may be possible to deliver high concentrations of GM-CSF
to the alveolar space to overwhelm anti-GM-CSF antibodies
at their site of action. Aerosolized GM-CSF has been used
successfully in PAP, and it may be possible to induce alveolar
epithelial overexpression of GM-CSF using gene therapy, as
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has been achieved in animal models (29,88). Congenital
PAP, while rare, is a devastating illness that has a completely
different pathogenesis. Deficiency of SP-B or the β chain of
the GM-CSF receptor could also theoretically be replaced
using genetic or cellular therapies directed at the alveolar
compartment.

With our improved understanding of the various forms of
PAP, it is hoped that further advances in therapy are forth-
coming. Increased understanding of PAP with the use of care-
ful and well-designed in vitro, animal and human studies will
hopefully also stimulate further research into the mechanisms
of other unusual and more common lung diseases.
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