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DIFFUSE LUNG DISEASE

Duration of Benefit in Patients With
Autoimmune Pulmonary Alveolar Proteinosis
After Inhaled Granulocyte-Macrophage
Colony-Stimulating Factor Therapy
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Background: Treatment of autoimmune pulmonary alveolar proteinosis (aPAP) by subcutaneous
injection or inhaled therapy of granulocyte-macrophage colony-stimulating factor (GM-CSF) has
been demonstrated to be safe and efficacious in several reports. However, some reports of subcu-
taneous injection described transient benefit in most instances. The durability of response to
inhaled GM-CSF therapy is not well characterized.
Methods: To elucidate the risk factors for recurrence of aPAP after GM-CSF inhalation, 35 patients
were followed up, monitoring for the use of any additional PAP therapies and disease severity
score every 6 months. Physiologic, serologic, and radiologic features of the patients were analyzed
for the findings of 30-month observation after the end of inhalation therapy.
Results: During the observation, 23 patients remained free from additional treatments, and
twelve patients required additional treatments. There were no significant differences in age, sex,
symptoms, oxygenation indexes, or anti-GM-CSF antibody levels at the beginning of treatment
between the two groups. Baseline vital capacity (% predicted, %VC) were higher among those
who required additional treatment (P <.01). Those patients not requiring additional treatment
maintained the improved disease severity score initially achieved. A significant difference in the
time to additional treatment between the high %VC group (%VC = 80.5) and the low %VC group
was seen by a Kaplan-Meier analysis and a log-rank test (P <.0005).
Conclusions: These results demonstrate that inhaled GM-CSF therapy sustained remission of
aPAP in more than one-half of cases, and baseline %VC might be a prognostic factor for disease
recurrence.
Trial registry: ISRCTN Register and JMACCT Clinical Trial Registry; No.: ISRCTN18931678 and
JMAIIA00013; URL: http://www.isrctn.org and http://www.jmacct.med.or.jp
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Abbreviations: A-aDO, = alveolar-arterial oxygen difference; Ab = antibody; aPAP = autoimmune pulmonary alveolar
proteinosis; AT =additional treatment; BALF = BAL fluid; CEA = carcinoembryonic antigen; DLco = diffusing capacity of
the lung for carbon monoxide; DSS = disease severity score; FR = free from additional treatment; GM-CSF = granulocyte-
macrophage colony-stimulating factor; IQR = interquartile range; KL-6 = Krebs von den Lungen-6; LDH = lactate
dehydrogenase; PAP = pulmonary alveolar proteinosis; ROC = receiver operating characteristics curve; SP = surfactant
protein; VC = vital capacity; WLL = whole-lung lavage

Autoimmune pulmonary alveolar proteinosis (aPAP) been attributed to the excessive production of a neutral-
is a rare lung disease characterized by the accumu- izing autoantibody against granulocyte-macrophage
lation of surfactant protein (SP), which causes progres- colony-stimulating factor (GM-CSF) that impairs GM-
sive respiratory insufficiency.' The pathogenesis has CSF-dependent surfactant clearance mediated by
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alveolar macrophages.*$ On pulmonary function test-
ing, the most common pattern seen is that of a restric-
tive defect, with a disproportionate reduction in diffusing
capacity of the lung for carbon monoxide (DLcO) rela-
tive to a modest impairment of vital capacity (VC).2 The
disease is usually treated by whole-lung lavage (WLL),
which remains the standard therapy to date.

The first patient successfully treated with subcuta-
neously administered GM-CSF was reported in 1996.%
In an international multicenter phase 2 trial study,
14 patients were treated with GM-CSF by subcuta-
neous injection in escalating doses over a 3-month
period, with an overall response rate of 43%.1011 A
subsequent single-center study of 21 patients with
aPAP treated with GM-CSF by subcutaneous admin-
istration in escalating doses for 6 to 12 months reported
an overall response rate of 48%.12 Several single cases
of subcutaneous GM-CSF therapy have reported simi-
lar outcomes.!34 However, local reaction at sites of
injection and other minor toxicities occurred in 85% of
patients receiving subcutaneous GM-CSF.2
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GM-CSF inhalation is a promising alternative ther-
apy for aPAP that has been demonstrated to lead to
functional, biologic, and radiologic improvement.'>5
Our national, multicenter phase 2 study revealed that
the therapy reduced alveolar-arterial oxygen differ-
ence (A-aDO,) by 12.3 mm Hg in 35 patients who
completed the therapy, resulting in 24 responders.
No treatment-related side effects were noted. Of
importance, our previous phase 2 study showed that
there was no significant difference in serologic, physi-
ologic, and CT scan testing, except for serum Krebs von
den Lungen-6 (KL-6) levels, between the responders
and the nonresponders.’s

There is limited information regarding the duration
of benefit after various treatments of aPAP. In the lit-
erature analysis of 55 cases with a therapeutic response
to WLL, the median duration of clinical benefit from
lavage was 15 months.2 A phase 2 study of subcu-
taneous GM-CSF administration demonstrated that
45% of patients required WLL during follow-up
observation of 39 = 17.3 months.’? In a retrospective
analysis of inhaled GM-CSF therapy (250 pg bid),
five of 12 patients manifest progressive disease dur-
ing observation.!” As the disease progresses very slowly
and can fluctuate in some cases, it is necessary to eval-
uate the prognosis by monitoring prospectively at
the same time points after the treatment and by dis-
ease severity score as well as the need for additional
treatment. The aim of this study was to define the
duration of benefit among patients who underwent
GM-CSF inhalation therapy.

MATERIALS AND METHODS

Patients and Protocols

The present study prospectively observed patients who partic-
ipated in a multicenter phase 2 trial (35 patients, registered as
ISRCTN18931678 and ]MAIIA00013) of GM-CSF inhalation
therapy described previously. In brief, patients who had lung
biopsy or cytologic findings diagnostic for pulmonary alveolar
proteinosis (PAP), including elevated serum anti-GM-CSF anti-
body (Ab) levels and no improvement during a 12-week observa-
tion period, entered the treatment phase. Recombinant human
GM-CSF dissolved in 2 mL of sterile saline was inhaled using an
LC-PLUS nebulizer (PARI International). The treatment consisted
of high-dose GM-CSF administration (125 ug bid on days 1-8,
none on days 9-14; sargramostim) for six repetitions of 2-week
cycles, then low-dose administration (125 pg once daily on days 1-4,
none on days 5-14) for six repetitions of 2-week cycles (for a total
dose of 15 mg). The clinical information including physiologic,
serologic, and radiologic features obtained'® was compared with the
results of the following 30-month observation.

Patients were regularly evaluated by their physicians at the
network hospitals after the GM-CSF inhalation therapy. The wors-
ening dyspnea was evaluated with pulse oximetry, arterial blood gas
analysis, or both in outpatient settings. Disease severity in patients
was evaluated using PAP disease severity score (DSS) described
previously.!¥ Patients underwent additional treatments based on
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