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Whole Lung Lavage Treatment of Chinese Patients
with Autoimmune Pulmonary Alveolar Proteinosis:
A Retrospective Long-term Follow-up Study

Yu-Yue Zhao, Hui Huang, Yong-Zhe Liu, Xin-Yu Song, Shan Li, Zuo-Jun Xu
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Background: Pulmonary alveolar proteinosis (PAP) is a rare lung disease, the most common type of which is autoimmune PAP. The gold
standard therapy for PAP is whole lung lavage (WLL). Few studies have reported the optimal technique with which to evaluate the response
to WLL. In this study, we aimed to identify parameters with which to assess the need for repeat WLL during a long-term 8-year follow-up.
Methods: We conducted a retrospective analysis of 120 patients with autoimmune PAP with 80 of whom underwent WLL. Physiologic,
serologic, and radiologic features of the patients were analyzed during an 8-year follow-up after the first WLL treatment.

Results: Of the 40 patients without any intervention, 39 patients either achieved remission or remained stable and only one died of pulmonary
infection. Of the 56 patients who underwent WLL for 1 time, 55 remained free from a second WLL and 1 patient died of cancer. Twenty-four
required additional treatments after their first WLL. The baseline PaO, (P = 0.000), PA-aO, (P = 0.000), shunt fraction rate (P = 0.001), percent of
predicted normal diffusing capacity of the lung for carbon monoxide (DLCO%Pred) (P = 0.016), 6-min walk test (P = 0.013), carcinoembryonic
antigen (CEA) (P = 0.007), and neuron-specific enolase (NSE) (P = 0.003) showed significant differences among the three groups. The need for a
second WLL was significantly associated with PaO, (P=0.000), CEA (P=0.050),, the 6-minute walk test (P=0.026), and DLCO%Pred (P=0.041).
The DLCO%Pred on admission with a cut-off value 0f 42.1% (P=0.001) may help to distinguish whether patients with PAP require a second WLL.
Conclusions: WLL is the optimal treatment method for PAP and provides remarkable improvements for affected patients. The DLCO%Pred
on admission with a cut-off value of 42.1% may distinguish whether patients with PAP require a second WLL.

Key words: Diffusing Capacity of the Lung for Carbon Monoxide; Prognosis; Pulmonary Alveolar Proteinosis; Treatment;
Whole Lung Lavage

INTRODUCTION surgery, the current gold standard therapy for PAP is whole
lung lavage (WLL).! Studies of the clinical characteristics
and treatment options for PAP have already reported in
other countries.> However, few studies have provided
information on PAP therapy in Chinese patients. In this study,
we evaluated a cohort of 120 Chinese patients with PAP to

Pulmonary alveolar proteinosis (PAP) is a rare lung
disease characterized by the accumulation of massive
quantities of phospholipid, protein, and other amorphous
periodic acid-Schiff (PAS)-positive materials within
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identify parameters with which to assess the responsiveness
to WLL therapy at a long-term follow-up of 8 years.

MeTtHoDS

Study population

The diagnosis of PAP was based on the typical “crazy
paving pattern” on chest high-resolution computed
tomography (HRCT) images, milky bronchoalveolar
lavage fluid (BALF), and the presence of amorphous
PAS-positive material in the BALF or lung biopsy tissue
specimens.>! Patients with characteristic chest HRCT
findings and confirmed histologic findings in the BALF or
biopsy specimens were included. Patients aged <18 years
or with confirmed secondary conditions such as silicosis
and other inhalational syndromes, autoimmune diseases,
malignancies, and hematopoietic disorders were excluded.

In total, 120 patients with autoimmune PAP hospitalized
from January 1, 1990 to January 1, 2014 at our hospital in
China were enrolled in this retrospective study. The patients
information was recorded from their medical records. We
contacted the patients by telephone to ascertain the follow-up
information and outcomes. This study was approved by the
review board of our hospital.

Assessment

Arterial blood gas analysis (including the partial
pressure of arterial oxygen [PaO,], alveolar-arterial
oxygen gradient [PA-a0,], and shunt fraction rate) and
measurements of various serum biochemical markers (lactate
dehydrogenase [LDH], carcinoembryonic antigen [CEA],
neuron specific enolase [NSE], total cholesterol [TC],
and triglycerides [TGs]) were routinely performed in
the clinical chemistry laboratories according to internal
standard operative procedures. Pulmonary function
testing was performed in accordance with the American
Thoracic Society and European Respiratory Society
standards and included the following parameters: Percent
of predicted normal forced vital capacity (FVC%Pred),
percent of predicted normal forced expiratory volume in
1 s (FEV1%Pred), FEVI/FVC%Pred ratio, percent of
predicted normal total lung capacity (TLC%Pred), and
percent of predicted normal diffusing capacity of the lung for
carbon monoxide (DLCO%Pred). We objectively assessed
patients’ exercise capacity by performing the 6-min walk test
according to the criteria in the American Thoracic Society
statement on the 6-min walk test.[''! Chest HRCT was
conducted in all patients, and the findings were downloaded
from our hospital’s image bank. Two radiological specialists
reached a consensus on the HRCT imaging findings.

Management

Close observation without intervention was recommended
for patients with mild and moderate symptoms, as
reported in most studies.” We conducted WLL following
specific criteria, including a resting PaO, <65 mmHg
(I mmHg = 0.133 KPa), PA-aO, >40 mmHg, or shunt
fraction >10%.['¥ An additional WLL was conducted when

a patient exhibited worsening symptoms or progressive
respiratory failure (>10 mmHg decrease in PaO, or need for
oxygen treatment or exercise desaturation) or chest images
showed a worsening of previous findings or the appearance
of new infiltrates characteristics of PAP. A stable condition
was defined as the absence of new PAP symptoms, or no
worsening of the previous symptoms and no new radiological
infiltrates after treatment or spontancously. Remission
was defined as clinical improvement during the follow-up
period, while for the patients who accepted WLL, which was
particularly defined as without additional therapy after the
first WLL. The duration of remission for the patients who
accepted WLL was defined as the period of time from the
initial WLL to the second WLL.

Statistical analysis

Quantitative variables are expressed as the mean value and
standard deviation (SD) or the median value and interquartile
range (IQR). The Kolmogorov—Smirnov test was used to test
the normal distribution of quantitative variables. Qualitative
variables are summarized as counts and percentages. The
paired t-test was used to compare the data before and after
the WLL. Multiple comparison analysis of variance and the
Kruskal-Wallis test were performed to investigate differences
in parameters among the three groups according to WLL times.
The correlations between DLCO%Pred and PaO,, CEA, and
NSE were assessed by Pearson correlation analysis. Cox
regression analysis was used to distinguish patients with the
need for repeated WLL by univariate and multivariate analyses.
Receiver operating characteristic curve analysis was used to
determine the most suitable cut-off value of DLCO%Pred.
The Kaplan—-Meier method with log-rank test was employed
to compare the difference in the cumulative rate of patients
who did not require repeated WLL between the high and low
DLCO%Pred groups. A two-sided P < 0.05 was considered
statistically significant. Statistical analysis was performed with
SPSS version 19 (SPSS, Inc., Chicago, IL, USA).

ResuLts

Clinical features and examination results

In total, 120 patients with autoimmune PAP were
identified (88 male, 32 female). Their age (mean + SD)
was 43 £ 11 years. Fifty-seven patients (47.5%) had a history
of smoking. The most common symptoms at presentation
were dyspnea (75.8%) and cough (70.8%). Other symptoms
included expectoration (54.2%), fever (21.7%), chest
distress (15.8%), chest pain (9.2%), and fatigue (1.7%).
Ground glass opacification (91.7%) was the most common
finding in chest HRCT among the 120 patients with
PAP, followed by the crazy paving pattern (75.0%).
Less commonly, reticular interstitial opacity (25.0%),
patching (17.5%), and consolidation (7.5%) were seen.
The mean FVC%Pred was 77.3% + 18.4%, and the mean
TLC%Pred was 79.0% =+ 12.0%. The mean DLCO%Pred
was 57.2% + 19.6%. The average value of the 6-min
walk test was 490.9 + 131.5 m. The patients were mildly
hypoxemic with a mean PaO, of 64.5 + 13.8 mmHg and a
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median PA-a0, of 41.4 mmHg (IQR, 32.6-54.2 mmHg). The
serum LDH level was mildly elevated, with a median value
of 269 TU/L (IQR, 213-390 IU/L). The cancer biomarkers
CEA and NSE were also elevated, as shown in Table 1.

Diagnostic methods

In this study, the median time from the onset of symptoms
to diagnosis was 9.5 months. BALF analysis was the most
frequently applied diagnostic method in 102 (85.0%)
patients; it was used alone in 37 (36.3%) patients and
combined with transbronchial lung biopsy in 65 (63.7%)
patients. Surgical lung biopsy was conducted in 9 patients.
Computed tomography guided percutaneous lung biopsy
and video assisted thoracic surgery were used for diagnosis
in seven and 2 patients, respectively.

Patients’ outcomes

According to therapeutic criteria, 56 of 120 patients with
PAP (46.7%) underwent a single WLL, 24 (20%) underwent
multiple WLL, and 40 (33.3%) underwent surveillance
without any intervention. None of the 80 patients developed
severe complications after WLL. During the 8.6-year
follow-up period, 1 patient among those who did not undergo
WLL died of severe pulmonary infection and respiratory
failure 21 days after diagnosis. Eleven patients underwent
spontaneous remission, and the remaining 28 patients (no
intervention) were in stable condition. Only one patient
among those who underwent a single WLL died of lung
cancer about 3 years after the diagnosis of PAP, the other
55 patients who underwent a single WLL remained in
remission. Of the 24 patients who underwent multiple WLL,

Table 1: Clinical features of 120 Chinese PAP patients

Characteristics n Baseline
Age (year, mean + SD) 120 43+ 11
Pulmonary function test (%, mean + SD)

FVC%Pred 92 773 +18.4

FEV1%Pred 92 76.8+17.5

FEV1/FVC%Pred 92 85.8+9.4

DLCO%Pred 92 57.2+19.6

TLC%Pred 92 79.0+12.0
6-min walk test (m, mean + SD) 81 490.9 £ 131.5
Arterial blood gas

PaO, (mmHg, mean = SD) 106 64.5+13.8

PA-a0, (mmHg, median) 106 41.4 (32.6-54.2)*

Shunt fraction rate (mean + SD) 106 21.2+13.0
Serum biochemical markers

LDH (IU/L, median) 99 269 (213-390)*

CEA (ng/ml, median) 82 6.8 (4.4-15.0)*

NSE (ng/ml, mean + SD) 89 126 +7.1

TC (mmol/L, mean + SD) 93 53+13

TG (mmol/L, median) 93 1.8 (1.3-2.4)
*Range. SD: Standard deviation; PAP: Pulmonary alveolar

proteinosis; %Pred: Percentage of the predicted value; FVC: Forced
vital capacity; FEV1: Forced expiratory volume in one second;
DLCO: Diffusing capacity of the lung for carbon monoxide;
TLC: Total lung capacity; PaO,: Partial pressure of oxygen in arterial
blood; PA-aO,: Alveolar-arterial oxygen gradient; LDH: Lactate
dehydrogenase; CEA: Carcinoembryonic antigen; NSE: Neuron-specific
enolase; TC: Cholesterol; TG: Triglyceride. 1 mmHg = 0.133 KPa.

13 (54%) were in stable condition, 6 (25%) underwent
remission, and the remaining 5 (21%) had developed
progression at the end of the follow-up period.

Comparison of baseline parameters among the three
groups

We compared the baseline parameters among the three
groups according to the WLL times. The arterial blood gas
analysis results, DLCO%Pred (P = 0.016), 6-min walk
test (P = 0.013), CEA (P = 0.007), and NSE (P = 0.003)
showed statistically significant differences among the three
groups. Although LDH, TGs, and TC were elevated, the
differences in these parameters among the three groups
failed to reach statistical significance [Table 2]. There was
no correlation between DLCO%Pred and age (P = 0.316),
sex (P = 0.240), smoking history (P = 0.551) or 6-min
walk test (P = 0.363), but correlations were found between
DLCO%Pred and PaO, (P = 0.023), CEA (P = 0.019), and
NSE (P = 0.005).

Comparison of test results before and after whole lung
lavage

We analyzed the serum biochemical markers, pulmonary
function test results, and 6-min walk test results before
and after WLL in the 80 patients who underwent WLL
therapy. PaO, (P = 0.000), FVC%Pred (P = 0.032),
TLC%Pred (P = 0.020), DLCO%Pred (P = 0.001), and the
6-min walk test (P=0.016) improved after WLL. In contrast,
PA-aO, (P = 0.002) and LDH (P = 0.000) decreased after
WLL [Table 3].

Predictive value of baseline percent of predicted normal
diffusing capacity of the lung for carbon monoxide for
the necessity of a second whole lung lavage
Comparison of the patients who underwent a single
WLL and those who underwent multiple WLL therapies
revealed significant differences in PaO, (P = 0.000),
DLCO%Pred (P = 0.041), the 6-min walk test (P = 0.026),
and CEA (P = 0.050). When the DLCO%Pred cut-off level
was set at 42.1%, the baseline DLCO%Pred predicted a
second WLL with a sensitivity of 66.7% and specificity
of 80.0% [Figure 1]. For Kaplan—Meier analysis of the
time to a second WLL, we divided the patients into two
groups: The low DLCO%Pred group (<42.1%) and the high
DLCO%Pred group (>42.1%). A significant difference in
the need for a second WLL was observed between the two
groups (P = 0.001) when the entire follow-up period was
compared [Figure 2].

The univariate analysis results demonstrated that the
DLCO%Pred (P = 0.015, odds ratio [OR] = 0.961, 95%
confidence interval [C/] = 0.931-0.992), 6-min walk
test (P = 0.025, OR = 0.995, 95% CI = 0.991-0.999),
CEA (P=0.009, OR = 1.053, 95% CI = 1.013-1.059), and
NSE (P=0.041, OR=1.090, 95% CI=1.003-1.184) could
identify patients who needed a second WLL, whereas no
correlations were found between a second WLL and age, sex,
smoking history, PaO, or LDH. In the multivariate model
taking into account baseline demographics (age, sex, and
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Table 2: Analysis of baseline parameters among PAP patients according to the WLL times

Characteristics WLLO WLLA1 WLL > 1 F P
(n = 40) (n = 56) (n = 24)
Pulmonary function test
FVC%Pred (%, mean + SD) 79.3+18.6 80.2+18.0 68.9+172 2.119 0.129
FEV1%Pred (%, mean + SD) 78.0+£17.9 80.2 +16.7 69.1 £16.9 2.238 0.115
FEV1/FVC%Pred (%, mean + SD) 83.5+11.7 86.5+9.0 87.9+6.0 1.076 0.347
DLCO%Pred (%, mean + SD) 64.0+£19.8 57.7+16.8 45.7+20.3 4.400 0.016
TLC%Pred (%, mean + SD) 80.6 +13.1 80.5+10.8 7324122 1.984 0.647
6-min walk test (m, mean + SD) 547.0+139.4 495.1 +60.6 389.4 £ 166.1 4.834 0.013
Arterial blood gas
PaO, (mmHg, mean + SD) 72.2+13.2 62.4+13.2 58.1+11.2 9.414 0.000
PA-a0, (mmHg, median) 33.0 (24.9-39.2)* 47.8 (37.2-60.5)* 49.4 (38.8-57.6)* NA 0.000
Shunt fraction rate (mean + SD) 14.1+9.3 243+ 13.5 269+ 12.9 7.482 0.001
Serum biochemical markers
LDH (IU/L, median) 241 (214-337)* 279 (210-383)* 338 (214-461)* NA 0.383
CEA (ng/ml, median) 4.3 (3.0-6.6)* 7.6 (5.1-15.2)* 11.5 (8.3-30.6)* NA 0.007
NSE (ng/ml, mean + SD) 9.4+42 129+5.9 19.2+9.7 6.811 0.003
TC (mmol/L, mean + SD) 51+1.6 54+1.1 57+1.1 1.006 0.371
TG (mmol/L, mean + SD) 1.6 (1.0-2.5) 1.8 (1.3-2.3) 1.8 (1.4-3.1) 0.005 0.659

P value was calculated by comparing the baseline parameters among the three groups according to the WLL times; *Range. PAP: Pulmonary alveolar
proteinosis; WLL: Whole lung lavage; PaO,: Partial pressure of oxygen in arterial blood; PA-a0,: Alveolar-arterial O, gradient; FVC: Forced vital
capacity; %Pred: Percentage of the predicted value; FEV1: Forced expiratory volume in one second; DLCO: Diffusing capacity of the lung for carbon
monoxide; TLC: Total lung capacity; LDH: Lactate dehydrogenase; CEA: Carcinoembryonic antigen; NSE: Neuron-specific enolase; TC: Cholesterol;

TG: Triglyceride; SD: Standard deviation. | mmHg = 0.133 KPa.

Table 3: Prelavage and postlavage parameters for
80 PAP patients accepted the WLL

Characteristics Before lavage After lavage P
Pulmonary function test
FVC%Pred (%) 77.8+18.7  81.3+153 —2.263 0.032
FEV1%Pred (%) 78.8+18.0  81.0+14.1 —1.276 0.213
FEVI/FVC%Pred (%) 86.4+9.5 84.1+£62 1913 0.067
DLCO%Pred (%) 56.2+17.6  66.8+22.7 —3.612 0.001
TLC%Pred (%) 783+112  83.6+13.4 —2.475 0.020

6-min walk test (m) 445.0+132.4 546.2+88.1 —2.681 0.016

Arterial blood gas

PaO, (mmHg) 59.0+12.0 68.2+12.9 —4.713 0.000
PA-a0, (mmHg) 73.3+88.6 52.6+43.5 2.526 0.002
Shunt fraction rate 274+£132 19.4+£10.9 3.280 0.002

Serum biochemical markers

LDH (IU/L) 339.7+119.0 250.3+75.5 5.371 0.000
CEA (ng/ml) 184133  16.1=140 0.632 0.551
NSE (ng/ml) 16260 11793  1.989 0.118
TC (mmol/L) 55413 48+1.0 1.906 0.081
TG (mmol/L) 28435 1.6+0.7  7.723 0.388

P value was calculated by comparing the parameters before and after
WLL in the 80 patients who underwent WLL therapy. Data are presented
as a mean =+ standard deviation. PAP: Pulmonary alveolar proteinosis;
WLL: Whole lung lavage; PaO,: Partial pressure of oxygen in arterial
blood; PA-aO,: Alveolar-arterial oxygen gradient; FVC: Forced
vital capacity; FEVI1: Forced expiratory volume in one second;
DLCO: Diffusing capacity of the lung for carbon monoxide; TLC: Total
lung capacity; %Pred: Percentage of the predicted value; LDH: Lactate
dehydrogenase; CEA: Carcinoembryonic antigen; NSE: Neuron-specific
enolase; TC: Cholesterol; TG: Triglyceride. | mmHg = 0.133 KPa.

smoking history), DLCO%Pred (P=0.015, OR=0.961, 95%
CI=0.931-0.992) could also identify patients who needed
a second WLL. However, when the data were adjusted for
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Figure 1: Receiver operating curve of DLCO%Pred. The baseline
DLCO%Pred with the cut-off level of 42.1% could predict a second WLL
with a sensitivity of 66.7% and specificity of 80.0%. WLL: Whole lung
lavage; AUC: Area under the receiver operating curve; DLCO%Pred:
Percent of predicted normal diffusing capacity of the lung for carbon
monoxide.

covariates (PaO,, LDH, 6-min walk test, CEA, and NSE),
DLCO%Pred failed to reach statistical significance.

Discussion

PAP was first recognized in 1958 by Rosen ef al.ll Since then,
increasing numbers of reports on PAP have been published;
however, only a few studies have evaluated Asian populations®®®!
and the response to WLL treatment with a long-term follow-up.
In this study, we retrospectively reviewed 120 Chinese adults
with autoimmune PAP, 80 of whom underwent WLL.
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Figure 2: Kaplan—Meier plot showing patients between two groups.
The green line shows the cumulative rate free from the necessity of a
second WLL for the high DLCO%Pred (>42.1%) group, the blue line
shows the cumulative rate free from the necessity of a second WLL
for the low DLCO%Pred (<42.1%) group. The P value of the need for
a second WLL between the two groups was 0.001. WLL: Whole lung
lavage; AUC: Area under the receiver operating curve; DLCO%Pred:
Percent of predicted normal diffusing capacity of the lung for carbon
monoxide.

Our results seem to be different from those of previous
large studies in many aspects. The mean age at diagnosis
in our study was 43 years. However, in the studies of Asian
populations from Japan® and Korea,!®! the mean age was
older at 51 and 52 years, respectively. A low proportion of
our cohort constituted smokers (48%), while the proportion
of smokers in a Germany cohort (79%) was nearly 2 times
higher than this. Spontaneous remission occurred in 9%
of patients (n = 11) in this study, which is lower than
that (13%) in a Korean study.®®! Only 2 patients died in our
cohort, representing the lowest percentage of 2%. Because
the morbidity rate was low, we did not analyze the overall
survival rate.

Comparison of the results before and after WLL shows that
patients experienced objective improvements after WLL. The
results of the arterial blood gas analysis are corroborated by
the data in a Korean™ and Italian study.!"*! The improvement
of all parameters in the pulmonary function tests except
TLC%Pred is also in agreement with the results of the above
mentioned Korean!® and Italian studies.!'> The results of the
6-min walk test support the increase in the treadmill distance
in the Italian study.['! Considering that we reexamined
the results about 4-6 weeks after the first WLL, not only
were the materials in the alveolar spaces removed, but the
engorgement of the lymphatic vessels within the interlobular
septae was almost completely relieved, which is the basis
for the improvement in the test results described above.[')
Multiple WLL treatments were conducted in 24 (30%) of
the 80 patients, which is similar to the frequency reported
in the Italian study.”

Although WLL has been performed in many centers for
almost 50 years,['J no consensus on how to best evaluate

the effectiveness of WLL has been established. In practice,
many physicians evaluate the indications for treatment and
establish the management strategy intuitively. In the present
study, a 42.1% cut-off value for DLCO%Pred might help to
distinguish patients who require a second WLL and possibly
allow for early prognostic assessment of the responsiveness
of PAP to WLL. Large quantities of surfactant lipids and
proteins accumulate in the alveolar spaces, leading to a
decrease in the alveolar capillary membrane surface area,
an increase in the diffusion path length, and ventilation
perfusion mismatch, which are the main reasons for the
disproportionate reduction of DLCO%Pred in patients with
PAP.I'! Consequently, DLCO%Pred is well correlated with
the severity of PAP. When combined with other parameters,
DLCO%Pred failed to reach statistical difference in our
study, which might have been caused by the potential
correlation between DLCO%Pred and PaO,, CEA, and NSE.
However, DLCO%Pred is still associated with the need for
lavage, as reported in the above mentioned study from Italy™
and another from Germany.l'® Although the serum KL-6
level seems to predict the outcome of PAP,!'*) measurement
of the serum KL-6 level is not widely used as a routine test
in most hospitals in China. In contrast, nearly all hospitals
can routinely conduct pulmonary function tests at reasonable
cost; thus, DLCO%Pred may provide higher practicability.

During the 8.6-year follow-up period of this study, no
patients in the multiple WLL group died; however, all of
these patients required additional WLLs or other methods to
relieve symptoms. Two patients (one female!'”! and one male)
exhibited a good initial response to WLL. However, multiple
sessions of WLL were subsequently required. These patients
then underwent several sessions of plasmapheresis with very
little improvement. Finally, supplementation with inhaled and
subcutaneously injected GM-CSF was performed. The patients
were in stable condition at the end of the follow-up period.

As reported, up to 10% of patients are resistant to WLL,
and this treatment is associated with various complications,
including hypoxemia, hydropneumothorax, acute respiratory
distress syndrome, and infections. However, various modern
techniques are being applied to increase the effectiveness and
safety, and the percentage of complications is decreasing.!'
Other approaches or combined therapy is recommended
for patients who develop recurrence after WLL or cannot
accept the risks and potential complications of an invasive
procedure.l'” GM-CSF followed by WLL could be
attempted; the response rate to this combination in one study
varied from 43% to 92%, and the relapse rate in GM-CSF
responders was 29.7%.[""1 Inhaled GM-CSF was effective in
62-92% of patients with few complications such as fever or
upper respiratory infection.?>2! In contrast, subcutaneously
administered GM-CSF was effective in 43—75% of patients
in other studies.?*?*1 However, local reactions at the
injection sites and other minor toxicities occurred in 85% of
patients,’ and 45% of patients required additional WLL.24
Consequently, with the better responsiveness and tolerance,
inhaled GM-CSF is more highly recommended.!"”! If there
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is an inadequate response to GM-CSF or unacceptable side
effects, rituximab or plasmapheresis can be attempted.
Rituximab has a high response rate ranging from 78% to
100% and is associated with minor adverse reactions such
as fatigue, nausea, and nasal congestion.*>?” Plasmapheresis
removes circulating antibodies with Gram-negative sepsis as
a complication.?*?%*1 However, the approaches mentioned
above are not yet validated for routine use. Systematic
evaluation and standard principles should be conducted in
future research.

Our study was limited by its retrospective nature. First, not all
data were collected from the patients’ clinical notes, affecting
the quality in some cases. Second, we could not test and
monitor the GM-CSF autoantibody levels. Finally, the number
of patients enrolled was limited because of the single-center
nature of the study. Given the rarity of autoimmune PAP,
we collected a remarkable number of samples to clarify the
epidemiology, clinical features, and prognosis in Chinese
patients and shared our experience with WLL to promote the
development of a better management strategy.

In conclusion, the prognosis of patients with PAP is relatively
good. Some patients achieve remission and remain stable
without any intervention. WLL is the optimal treatment
method and provides remarkable improvements. The need
for a second WLL is significantly associated with CEA, NSE,
the 6-min walk test, and DLCO%Pred. The DLCO%Pred
on admission with a cut-off value of 42.1% may distinguish
patients with PAP, who require multiple WLL, which
provides a promising approach for clinicians in evaluating
the responsiveness to WLL in patients with PAP.
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