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      Autoimmune pulmonary alveolar proteinosis (aPAP) 
is a rare lung disease characterized by the accumu-

lation of surfactant protein (SP), which causes progres-
sive respiratory insuffi ciency.  1-3   The pathogenesis has 

been attributed to the excessive production of a neutral-
izing autoantibody against granulocyte-macrophage 
colony-stimulating factor (GM-CSF) that impairs GM-
CSF-dependent surfactant clearance mediated by 

  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 effi cacious in several reports. However, some reports of subcu-
taneous injection described transient benefi t 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 fi ndings 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 signifi cant 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 signifi cant 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 2   5  alveolar-arterial oxygen difference; Ab  5  antibody;   aPAP  5  autoimmune pulmonary alveolar 
proteinosis; AT  5  additional treatment; BALF  5  BAL fl uid; CEA  5  carcinoembryonic antigen; D lco   5  diffusing capacity of 
the lung for carbon monoxide; DSS  5  disease severity score; FR  5  free from additional treatment; GM-CSF  5  granulocyte-
macrophage colony-stimulating factor; IQR  5  interquartile range; KL-6  5  Krebs von den Lungen-6; LDH  5  lactate 
dehydrogenase; PAP  5  pulmonary alveolar proteinosis; ROC  5  receiver operating characteristics curve; SP  5  surfactant 
protein; VC  5  vital capacity; WLL  5  whole-lung lavage 
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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.  15-18   
Our national, multicenter phase 2 study revealed that 
the therapy reduced alveolar-arterial oxygen differ-
ence (A-aDO 2 ) 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 signifi cant 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.  18   

 There is limited information regarding the duration 
of benefi t after various treatments of aPAP. In the lit-
erature analysis of 55 cases with a therapeutic response 
to WLL, the median duration of clinical benefi t 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.  12   In a retrospective 
analysis of inhaled GM-CSF therapy (250  m g bid), 
fi ve of 12 patients manifest progressive disease dur-
ing observation.  17   As the disease progresses very slowly 
and can fl uctuate 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 defi ne the 
duration of benefi t 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 JMAIIA00013) of GM-CSF inhalation 
therapy described previously. In brief, patients who had lung 
biopsy or cytologic fi ndings 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  m g bid on days 1-8, 
none on days 9-14; sargramostim) for six repetitions of 2-week 
cycles, then low-dose administration (125  m g 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  18   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.  19   Patients underwent additional treatments based on 

alveolar macrophages.  4-8   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 (D lco ) 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 fi rst patient successfully treated with subcuta-
neously administered GM-CSF was reported in 1996.  9   
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%.  10,11   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.  13,14   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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antibodies in BAL fl uid (BALF) or in serum were measured using 
a sandwich enzyme-linked immunosorbent assay as described 
previously.  4,21   

 Statistical Analysis 

 Numerical results are presented as the mean  �  SE or the median 
and interquartile range (IQR). The  x  2  test was used to evaluate 
proportions for variables between high and low responders. The 
paired  t  test was used for comparisons between normally distrib-
uted data and the treatment periods. Comparisons of nonpara-
metric data were made using the Wilcoxon signed-rank test. For 
group comparisons, unpaired  t  tests and Wilcoxon rank-sum tests 
were used. All  P  values were reported as two-sided. Analysis was 
performed using JMP software, version 8.0.2 (SAS Institute Inc). 

 Results 

 Patient Characteristics and Requirements for 
Additional Treatments as an Indicator of Recurrence 

 Demographic data of patients are shown in  Table 1  . 
During the 30 months of observation after the end 
of GM-CSF inhalation, the need for treatments was 
monitored as an indicator of disease recurrence in 
each patient. Twenty-three patients were free from 
additional treatments during 30 months of observation 
and were designated as FR (free from additional treat-
ment). Twelve patients who required additional treat-
ments, including six patients with recurrence described 
in our previous study,  18   were designated as AT (addi-
tional treatment). Of those, two patients maintained 
most severe disease (DSS 5) even after the GM-CSF 
treatment and underwent subsequent WLL. One 
patient who had dyspnea, cough, and sputum produc-
tion did not respond to the GM-CSF treatment and 
underwent subsequent WLL. One patient with cough 
and dyspnea showed worsening in Pa o  2  and cough and 
had WLL 12 months after the GM-CSF inhalation. 
The other eight patients with dyspnea showed wors-
ening in Pa o  2 /oxygen saturation by pulse oximetry 
(two patients worsened to DSS 5) and underwent addi-
tional therapy (e-Fig 1); five underwent additional 
GM-CSF inhalation treatments, two had WLL, and 
one patient, a nonresponder, declined WLL and under-
went acetylcysteine inhalation, showing much improve-
ment in hypoxia. Median time to additional treatment 
of the 12 patients was 50.5 weeks, with a range of 8.5 
to 117.5 weeks. There was no signifi cant difference in 
age, sex, symptoms, smoking status, history of dust expo-
sure, arterial blood gas analysis, num bers of responders 
to GM-CSF inhalation, history of previous lung lavage, 
and anti-GM-CSF-Ab titer between the FR and AT 
groups ( Table 1 ). There was no signifi cant difference 
in disease markers, includ ing baseline levels of Pa o  2 , 
A-aDO 2 , %VC, %D lco , CT scan scores, lactate dehy-
drogenase (LDH), and KL-6 between the patients who 
underwent WLL (n  5  6, AT-WLL group) and those 
treated with GM-CSF inhalation (n  5  5, AT-GM group) 

either of the following criteria: (1) DSS is 3 or 4 and symptoms are 
worsening or (2) DSS 5, as shown in  Figure 1  . The consortium 
offi ce of Niigata University contacted the network hospitals every 
6 months with a questionnaire regarding additional treatment and 
disease severity score of the patient. The follow-up clinical informa-
tion obtained at each network hospital was entered into a data-
base to be compared with the results of the baseline clinical 
evaluation of each patient. The data were collected from nine 
clinical research centers in Japan (Hokkaido University, Tohoku 
University, Chiba University, Kitasato University, Niigata Uni-
versity, Aichi Medical University, National Hospital Organization 
Kinki-Chuo Chest Medical Center, National Hospital Organi-
zation Yamaguchi-Ube Medical Center, and Nagasaki University 
Institute of Tropical Medicine). 

 The study was approved by institutional review board   of Niigata 
University (approval No. NH17-006) and the institutional review 
boards at all participating centers. Informed consent was obtained 
from all control subjects. The clinical information obtained by the 
clinical studies was entered into a database to be compared with 
the results of the 30-month observation. The study was designed 
and monitored for data quality and safety by a steering committee 
composed of the principal investigator at each participating site. 
The steering committee held a conference twice a year, where the 
fi ndings of the observation were monitored. 

 BAL Procedures and GM-CSF Autoantibodies 

 The steering committee edited a standard operational procedure 
for BAL, which was followed by all participating institutes and 
described previously.  18,20   The concentration of GM-CSF auto-

  Figure  1. Profi le of the study cohort. AT  5  additional treatment; 
DSS  5  disease severity score; FR  5  free from additional treatment  .   
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As for differential blood cell counts, no signifi cant dif-
ference was observed between FR and AT groups, 
except for numbers of basophils and platelets. The cell 
density of macrophages in BALF was lower in the 
FR group than those in the AT group ( P   ,  .05), whereas 
lymphocytes were lower in the AT group as compared 
with the FR group. 

 Next, clinical parameters at the end of treatment 
were evaluated. The %D lco  was lower in the AT group 
than that in the FR group, and serum markers (eg, 
LDH, KL-6, CEA, SP-D, SP-A) and CT scan scores 
were higher in the AT group than those in the FR group 
at the end of treatment ( P   ,  .05). However, there was 
no signifi cant difference in A-aDO 2 , blood cell counts, 
and cell differentials in BALF ( Table 3  ). The patients 
free from additional treatment maintained the improved 
disease severity score initially achieved (e-Fig 3). 

(e-Table 1). However, changes in A-aDO 2  during the 
GM-CSF treatment were signifi cantly higher in the 
AT-GM group, 

 Association of Clinical Parameters With Requirement 
for Additional Treatment 

 There was no signifi cant difference in baseline fi nd-
ings in terms of Pa o  2 , Pa co  2 , FEV 1 , and D lco  between 
AT and FR groups. Both %VC (% predicted value) and 
%FVC were higher in the FR group ( P   ,  .01) ( Fig 2A  ,  
Table 2  , e-Fig 2). There was no correlation between 
baseline %VC and age ( P   5  .97), sex ( P   5  .41), baseline 
Pa o  2  ( P   5  .18), or baseline %D lco  ( P   5  .34). There was 
no signifi cant difference in high-resolution CT scan 
scores and serum markers, including LDH, KL-6, carci-
noembryonic antigen (CEA), SP-A, and SP-D   ( Table 2 ). 

 Table 1— Baseline Clinical Characteristics of Patients Free From Additional Treatment and Those Who Required 
Additional Treatment After GM-CSF Inhalation  

Characteristic  

FR (n  5  23) AT (n  5  12)

 P  ValueNo. % Median (IQR) or Mean  �  SE No. % Median (IQR) or Mean  �  SE

Age, y 23 … 52.5 (48-61) 12 … 52.5 (41.75-58) .33  a  
Sex … … .54  b  
 Female 9 39 6 50
 Male 14 61 6 50
Responders 17 74 … 7 58 … .35  b  
Duration of symptoms, mo 23 … 20 (11-61) 12 … 18 (7.75-72) .78  a  
Symptoms … …
 Dyspnea 22 96 12 100 .36  b  
 Cough 10 43 7 58 .65  b  
 Sputum 8 35 4 33 .71  b  
Smoking status … … .39  b  
 Current smoker 8 35 2 17
 Ex-smoker 5 22 2 17
 Never smoked 10 43 8 67
Dust exposure 22 … … 11 … … .27  b  
 Yes 8 36 3 18
 No 14 64 8 82
Arterial blood gas analysis
 Pa co  2 , Torr  c  23 … 38.0  �  0.7 12 … 39.0  �  0.9 .40  d  
 Pa o  2 , Torr  c  23 … 60.6  �  2.1 12 … 56.3  �  3.0 .25  d  
 A-aDO 2 , Torr  e  23 … 43.5  �  2.4 12 … 46.2  �  3.3 .51  d  
Disease severity score 23 … 3 (3-4) 12 … 3.5 (3-5) .58  a  
GM-CSF autoantibody,  m g/mL 23 … 22.8 (8.5-33.2) 12 … 23.1 (16.9-34.2) .94  a  
Previous lung lavage ( .  6 mo 

 prior to study)
… … .22  b  

 Yes 5 22 5 42
 No 18 78 7 58

Thirty-fi ve patients completed both the high-dose and low-dose period of GM-CSF inhalation therapy. A-aDO 2   5  alveolar-arterial oxygen difference; 
AT  5  additional treatment; FR  5  free from additional treatment; GM-CSF  5  granulocyte-macrophage colony-stimulating factor; IQR  5  interquartile 
range (range from the 25th to the 75th percentiles of the distribution).
 a Calculated using the Wilcoxon rank sum test.
 b Calculated using the  x  2  test.
 c Measured with patient in a supine position and breathing room air.
 d Calculated using Student  t  test.
 e Calculated using the following equation: A-aDO 2   5  (PB  2  P h  2  o )  3  F io  2   2  Pa co  2 /R  1  {Pa co  2   3  F io  2   3   (1  2  R)/R}  2  Pa o  2 , where PB  5  barometric 
pressure measured by local observatories; P h   2   o   5  partial pressure of water vapor in inspired air (assumed to be 47 mm Hg); F io  2   5  fractional 
concentration of oxygen in dry gas (assumed to be 0.21); and R  5  respiratory quotient (assumed to be 0.8).
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 Predictive Value of VC for Prognosis After 
GM-CSF Inhalation 

 Because only %VC and %FVC differed between 
FR and AT groups among treatment-related pretreat-
ment factors, the predictive value of parameters for 
recurrence after GM-CSF inhalation was evaluated 
using receiver operating characteristics curve (ROC) 
analysis and Kaplan-Meier analysis of time to addi-
tional treatment. 

 For ROC analysis, the area under the ROC curve was 
calculated nonparametrically, as proposed by Hanley 
and McNeil.  22   An additional therapy was defi ned as a 
positive indicator for disease recurrence. When the 
cutoff level of 80.5% was set for %VC, the baseline 
%VC predicted the additional therapy with a sensi-
tivity of 92% and a specifi city of 74% ( Fig 2B ). 

 For Kaplan-Meier analysis of time to additional 
treatment, we divided the patients into two groups, 
namely the high %VC group (%VC  �  80.5) and the 
low %VC group (%VC  ,  80.5). A signifi cant difference 
in the time to additional treatment between the two 
groups was seen when the whole period of follow-up 
was compared ( P   5  .0001) ( Fig 2C ). In the univar-
iate Cox proportional analysis of baseline markers, 
%VC  ,  80.5% (hazard ratio, 18.42; 95% CI, 3.55-337.68; 
 P   ,  .0001) was associated with additional treatment, 
whereas no correlations were found between addi-
tional treatment and age, sex, baseline Pa o  2 , changes 
in A-aDO 2 , and baseline levels of LDH, KL-6, SP-A, 
CEA, and anti-GM-CSF-Ab. 

 Subgroup Analysis:   To test whether VC is an inde-
pendent predictive factor for the time to additional 
therapy, we did subgroup analyses because of the small 
number of the AT patients. The patients were divided 
into two groups of an upper one-half and a lower one-
half regarding age; sex; baseline Pa o  2 ; change in A-aDO 2 ; 
baseline levels of LDH, KL-6, SP-A, CEA; and anti-
GM-CSF-Ab. In these subgroups, a signifi cant differ-
ence in the time to additional treatment between the 
high %VC group (%VC  �  80.5) and the low %VC group 
(%VC  ,  80.5) was still evident, suggesting that VC 
might be an independent factor predicting the time 
to additional therapy (e-Fig 4). 

 Time Course of Autoantibody Levels:   In our pre-
vious reports, serum levels of anti-GM-CSF-Ab levels 
did not change during treatment.  16   To study longitu-
dinal changes of serum levels of anti-GM-CSF-Ab 
after the inhaled GM-CSF therapy, serum samples 
were collected for anti-GM-CSF-Ab testing as an 
optional evaluation after the 30-month observation 
period. The serum levels were unchanged during the 
observation period except for three cases (e-Fig 5). In 
two cases, the serum levels increased by  .  100  m g/mL, 
and one case required an additional treatment, whereas 

  Figure  2. The association between VC (% predicted, %VC) 
and additional treatments during the 30-mo observation period 
(** P   ,  .01). A, Baseline levels of %VC in FR and AT patient groups. 
B, Receiver operating curve of %VC. C, Kaplan-Meier plot show-
ing patients of the high %VC group (%VC  �  80.5) and those of the 
low %VC group (%VC  ,  80.5). AUC  5  area under the receiver 
operating curve; VC  5  vital capacity. See Figure 1 legend for 
expansion of other abbreviations.   
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the others did not. In the third case, the serum levels 
decreased to 0.47  m g/mL, and additional treatments 
were not required. 

 Discussion 

 In the present study we have prospectively ana-
lyzed, for the time to our knowledge  , the require-
ments of additional therapy and disease severity scores 
in 35 patients who completed GM-CSF inhalation 
therapy. The results demonstrate that 23 patients were 
free from administration of additional treatment dur-
ing the 30-month observation period, indicating the 
enduring nature of the therapy. VC could be a useful 
predictive parameter for the recurrence of disease 
after GM-CSF therapy. This study contributes to the 
promotion of GM-CSF inhalation for initial therapy 
of aPAP. 

 WLL remains the standard of care today. A retro-
spective analysis of 231 cases found clinically signifi -
cant improvement in Pa o  2 , FEV 1 , VC, and D lco  and 
reported that the median duration of clinical benefi t 
from lavage was 15 months.  2   In a report of 21 patients 
with PAP who underwent WLL in an experienced 
center,  .  70% of patients remained free from recur-
rent PAP during 7-year observation.  23   In our study, 
the median time to application of additional therapy 
was 30 months after GM-CSF therapy, suggesting 
the effects of GM-CSF inhalation may be comparable 
to those of WLL. Notably, the difference in changes 
in A-aDO 2  during the GM-CSF treatment between 
the AT-WLL group patients and the AT-GM group 
patients suggests that nonresponders to the fi rst GM-
CSF treatment might be likely to undergo WLL when 
disease recurred. 

 In a single-center, phase 2 study for subcutaneous 
administration of GM-CSF for PAP, Venkateshiah et al  12     

 Table 2— Baseline Pulmonary Function, Radiologic Appearance, Serum Biomarkers, Hematologic Indexes, and BALF 
Cell Findings in Patients With PAP in FR and AT Groups Before GM-CSF Inhalation Treatment  

Measure  

FR AT

 P  ValueNo. Mean  �  SE or Median (IQR) No. Mean  �  SE or Median (IQR)

Pulmonary function
 VC, % predicted 23 85.9  �  2.7 12 71.6  �  3.8 .0045  a  
 FVC, % predicted 23 85.3  �  2.8 12 71.4  �  3.9 .0064  a  
 FEV 1 /FVC 23 87.1  �  2.0 12 84.9  �  2.7 .51  a  
 D lco , % predicted 23 57.0  �  3.4 10 46.0  �  5.1 .082  a  
HRCT scan scores  b  
 Upper lung region 23 3 (2-5) 12 4.5 (2-5) .12  c  
 Middle lung region 23 4 (3-5) 11 4 (3-5) .38  c  
 Lower lung region 23 4 (3-5) 12 5 (4-5) .36  c  
Serum biomarkers of PAP
 LDH, IU/L 23 287  �  19 12 325  �  26 .26  a  
 CEA, ng/mL 23 6.2  �  1.0 12 8.0  �  1.4 .30  a  
 KL-6, U/L 23 10,038  �  1,531 12 9,434  �  2,120 .81  a  
 SP-A, ng/mL 23 127  �  15 12 153  �  20 .29  a  
 SP-D, ng/mL 23 227  �  25 12 290  �  34 .14  a  
Hematologic indexes
 WBC count, cells/ m L 23 5,608  �  267 12 6,358  �  370 .11  a  
 Neutrophils, cells/ m L 22 3,428  �  200 12 3,596  �  271 .62  a  
 Monocytes, cells/ m L 22 344  �  21 12 396  �  28 .15  a  
 Lymphocytes, cells/ m L 22 1,730  �  147 12 2,122  �  198 .12  a  
 Eosinophils, cells/ m L 22 107  �  28 12 199  �  38 .058  a  
 Basophils, cells/ m L 22 18.3  �  4.3 12 45.3  �  5.9 .0008  a  
 Hemoglobin, g/dL 23 15.4  �  0.3 12 14.4  �  0.4 .058  a  
 Platelets,  3  10 3  cells/ m L 23 224  �  9.1 11 271  �  13 .0046  a  
BALF cell classifi cation, %
 Alveolar macrophages 17 63  �  3.6 5 38  �  6.7 .0036  a  
 Neutrophils 17 5.2  �  1.5 5 10.8  �  2.7 .082  a  
 Eosinophils 17 0.84  �  0.32 5 0.40  �  0.60 .52  a  
 Lymphocytes 17 31.2  �  3.8 5 50.4  �  7.1 .027  a  

BALF  5  BAL fl uid; CEA  5  carcinoembryonic antigen; D lco   5  diffusing capacity of the lung for carbon monoxide; HRCT  5  high-resolution CT; 
KL-6  5  Krebs von den Lungen-6; LDH  5  lactate dehydrogenase; PAP  5  pulmonary alveolar proteinosis; SP  5  surfactant protein; VC  5  vital capacity  . See 
Table 1 legend for expansion of other abbreviations.
 a Calculated using Student  t  test.
 b Described previously,  18   left lung.
 c Calculated using the Wilcoxon rank sum test.
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cant association with the requirement for additional 
treatment. Although limited by the small number of 
cases, the subgroup analyses suggested that VC is 
an independent factor from age, sex, baseline Pa o  2 , 
change in A-aDO 2 , and baseline levels of serum mark-
ers, including anti-GM-CSF-Ab. However, there is 
a possibility that some clinical variables might be 
intrinsically related to VC. The physicians’ decision 
for retreatment might be infl uenced by such clinical 
markers. Notably, a recent study of a series of patients 
with PAP followed in a reference center reported 
that the need for lavage was signifi cantly associated 
with FVC.  26   

 Reduction of VC might be due to two different fac-
tors: accumulation of surfactant-derived materials in 
the alveolar space and fi brotic changes of lung tissue. 
In a study of a quantitative CT scan analysis of patients 
with PAP who underwent WLL and showed improve-
ments in %D lco  and %FVC, Perez et al  27   demon-
strated that there was a reduction in lung weight 

reported that nine of 21 patients (43%) required WLL. 
In a retrospective study of 12 patients who underwent 
aerosolized GM-CSF therapy, Wylam et al  17   reported 
that fi ve of 11 responders had recurrence of disease. 
In four of fi ve patients, the mean time to relapse was 
6.3 months and ranged from 5.5 to 12 months.  15   It is 
notable that the dose of GM-CSF used in their study 
was twice that used in our study, although the prognosis 
of our cases was comparable to that of their study. 

 PAP is often described as a lung disorder with restric-
tive physiology. In the present study, 18 of 35 patients 
were in the normal range ( �  80) in %FVC, whereas 
the other 17 patients were mildly to moderately 
restricted, which was comparable to previous studies.  24   
Seymour et al  25   investigated 14 patients who under-
went subcutaneous GM-CSF administration and sug-
gested that higher VC before treatment was one 
marker to defi ne responsiveness to GM-CSF therapy. 
In the present study, VC did not correlate with respon-
siveness to GM-CSF therapy, but it showed signifi -

 Table 3— Pulmonary Function, Radiologic Appearance, Serum Biomarkers, Hematologic Indexes, and BALF Cell 
Findings in Patients With PAP in FR and AT Groups at the End of GM-CSF Inhalation Treatment and Before the 

30-Mo Observation  

Measure

FR AT

 P  ValueNo. Mean  �  SE or Median (IQR) No. Mean  �  SE or Median (IQR)

Pulmonary function
 VC, % predicted 23 93.4  �  3.0 12 74.2  �  4.2 .0007  a  
 FVC, % predicted 23 80.5  �  3.3 12 72.2  �  4.5 .0025  a  
 FEV 1 /FVC 23 85.6  �  1.6 12 84.7  �  2.2 .73  a  
 D lco , % predicted 23 68.4  �  3.4 11 46.8  �  4.7 .0006  a  
HRCT scan scores  b  
 Upper lung region 23 2 (2-3) 12 3.5 (2-4) .036  c  
 Middle lung region 23 3 (2-3) 12 4 (2.25-4.75) .023  c  
 Lower lung region 23 2 (2-3) 12 4 (2.25-5) .0039  c  
Serum biomarkers of PAP
 LDH, IU/L 23 242  �  13 12 308  �  18 .0064  a  
 CEA, ng/mL 23 2.7  �  0.6 12 5.7  �  0.8 .0075  a  
 KL-6, U/L 23 3,675  �  735 12 6,565  �  1,017 .028  a  
 SP-A, ng/mL 23 80  �  12 12 131  �  16 .015  a  
 SP-D, ng/mL 23 170  �  34 12 304  �  47 .027  a  
Hematologic indexes
 WBC count, cells/ m L 23 5,213  �  306 12 5,797  �  424 .27  a  
 Neutrophils, cells/ m L 22 2,961  �  205 12 3,026  �  277 .85  a  
 Monocytes, cells/ m L 22 320  �  30 12 338  �  41 .74  a  
 Lymphocytes, cells/ m L 22 1,755  �  131 12 2,153  �  177 .080  a  
 Eosinophils, cells/ m L 22 145  �  40 12 233  �  55 .20  a  
 Basophils, cells/ m L 22 27.4  �  5.9 12 43.7  �  8.4 .12  a  
 Hemoglobin, g/dL 23 14.8  �  1.3 12 14.4  �  1.4 .52  a  
 Platelets,  3  10 3  cells/ m L 23 214  �  9.0 12 235  �  12 .17  a  
BALF cell classifi cation, %
 Alveolar macrophages 13 67  �  4.1 5 58  �  6.7 .28  a  
 Neutrophils 13 6.6  �  2.2 5 7.4  �  3.5 .86  a  
 Eosinophils 13 0.90  �  0.46 5 0.82  �  0.75 .93  a  
 Lymphocytes 13 25.6  �  4.8 5 33.2  �  7.7 .41  a  

See Table 1 and 2 legends for expansion of abbreviations.
 a Calculated using Student  t  test.
 b Described previously,  18   left lung.
 c Calculated using the Wilcoxon’s rank sum test.
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 In conclusion, this study demonstrated that VC 
might be clinically useful in predicting the need for 
additional therapy in patients with aPAP who were 
treated with inhaled GM-CSF therapy. We believe 
this study contributes to improving the quality of life 
and treatments for patients with aPAP. 
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following lavage, which correlated with the dry weight 
of the lavage effl uent. The study demonstrated a shift 
in the regional lung infl ation toward more infl ated 
lung with a corresponding increase in the mean lung 
infl ation. Surfactant accumulation might be associated 
with an elevated ventilation-perfusion mismatch and 
disproportionately impaired D lco  in patients with 
aPAP.  2   Seymour et al  25     demonstrated serum levels of 
SP-A correlated with VC in 14 patients at baseline. 
The present study also showed that serum levels of 
SP-A correlated with VC at baseline as well as after 
treatment. However, requirement of additional therapy 
was not signifi cantly associated with SP-A at baseline. 
Surfactant materials might be easily redistributed in 
alveolar spaces and may not be related to the impair-
ment of lung tissue that might lead to additional 
treatment. 

 The other factor, fi brotic changes of lung tissue, 
might be maintained even after GM-CSF therapy 
or WLL. Pulmonary fi brosis has been reported to 
be associated with PAP, and exposure to oxygen or 
repeated WLL have been suggested as potential con-
tributors to fi brosis. Although irreversible scarring 
of the lung is rarely associated with PAP, a small frac-
tion of patients with PAP demonstrated substantially 
impaired %VC and rather poor prognosis. To inves-
tigate this possibility, two radiologists reevaluated 
baseline CT scans of 32 of the 35 participants for 
fi ndings other than PAP without knowing the study 
results regarding responsiveness and prognosis of the 
GM-CSF inhalation. They only pointed out traction 
bronchiectasis in one patient (responder, FR), bron-
chiectasis in one patient (responder, FR), and multiple 
bullae in one patient (responder, AT). Thus, we failed 
to find any significant association between fibrotic 
change in CT scan and requirement of additional treat-
ments. In the present study, the mean %VC levels of 
patients in the FR group improved from 85.9% to 
93.4%, whereas those of patients in the AT group 
changed from 71.6% to 74.2%. The difference in 
improvement between the groups might be associ-
ated with the balance of surfactant accumulation and 
lung fi brosis in the lungs of patients. 

 For future studies, it would be useful to explore 
novel treatment regimens for patients with moder-
ately impaired VC. As shown in this study, inhaled 
GM-CSF therapy did not change serum levels of 
anti-GM-CSF-Ab. However, the BALF titers of anti-
GM-CSF-Ab were reduced in responders, which was 
likely due to the improved clearance in alveolar spaces. 
The future treatments might include a combination 
of GM-CSF inhalation with WLL to improve the 
environment of airway/alveolar spaces or with admin-
istration of rituximab to reduce the systemic produc-
tion of anti-GM-CSF-Ab. 
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  Additional information:  The e-Figures and e-Table can be found 
in the “Supplemental Materials” area of the online article. 
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