CYFRA 21-1 as a serum marker for APAP

idiopathic pulmonary alveolar proteinosis have been
shown to decrease following whole lung lavage
(WLL).® We demonstrated for the first time that
serum KL-6, SP-A, SP-D, CEA and lactate dehydro-
genase levels are elevated and are significantly corre-
lared with disease severity in patients with APAP?

Cytokeratins are the main protein components of
the cell cytoskeleton and belong to the family of inter-
mediate filaments. Cytokeratin 19 is a low-molecular
weight (40 kD) protein and is expressed in simple epi-
thelia, including bronchial epithelial cells.” A frag-
ment of cytokeratin 19, called CYFRA 21-1, can be
measured in serum and has been evaluated as a
useful tumour marker for non-small cell lung
cancer. Moreover, it is also known to be elevated in
various types of non-malignant lung disorders,” such
as bacterial pneumonia, tuberculosis, bronchiectasis
and interstitial pneumonia, particularly acute inter-
stitial pneumonia.’® In addition, increased serum
CYFRA 21-1 levels and its decrease after WLL have
been reported in pulmonary alveolar proteinosis
patients.”” We have previously reported in a pulmo-
nary alveolar proteinosis patient that high levels of
serum CYFRA 21-1 declined following successful
GM-CSF inhalation therapy, accompanied by an
improvement in arterial blood gas levels and the dif-
fusing capacity of carbon manoxide (DLco).”® Thus,
serum CYFRA 21-1 levels may be related to pulmo-
nary alveolar proteinosis severity.

To assess the value of serum CYFRA 21-1 as a
biomarker of APAP reflecting disease severity, we
measured serum CYFRA 21-1 levels in APAP patients,
and examined the relationship between serum
CYFRA 21-1 levels and disease severity using respira-
tory function tests and arterial blood gas analysis.
This is the most comprehensive and largest study to
assess the role of serum CYFRA 21-1 as biomarker of
APAPR

METHODS

Subjects

Forty-eight consecutive patients diagnosed with
APAP at the Kinki-Chuo Chest Medical Center
between 2002 and 2010 were enrolled in the study.
The diagnosis of APAP was confirmed based on
transbronchial lung biopsy, bronchoalveolar lavage,
radiological findings and the presence of anti-GM-
CSF autoantibody (Table 1). Serumn levels of anti-GM-
CSF autoantibody were measured at diagnosis by
enzyme-linked immunosorbent assay as previously
reported with minor modification,*” and its cut-off
level to diagnose APAP was 0.5 pg/mlL.

Serum CYFRA 21-1 levels of APAP were compared
with that of 68 patients with interstitial lung diseases
diagnosed at the Kinki-Chuo Chest Medical Center,
including idiopathic pulmonary fibrosis {(n =25},
non-specific interstitial pneumonia (n = 6), collagen
vascular disease associated interstitial pneumonia
(n = 15), chronic hypersensitivity pneumonia (2 = 13)
and sarcoidosis (n=9) (Table S1 in the online sup-
porting information).

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology

247

Table 1 Patient characteristics at the time of diagnosis
of APAP
Mean + SE or

number of cases
Number of patients 48
Age (years) 52.9+18
Gender (M/F) 31/17
Smoking history (NS/ES/CS} 17/20/11
Dust exposure {Yes/No) 18/29
MRC (0/1/2/3/4) 9/18/18/3/0
DSS (HAIAVIVY 4/20/8/9/6
Pa0, (Torr) 66.5+2.0
AaDO, {Torr} 36.3+2.1
VC, %predicted 87.56+2.8
Dlco, %predicted 549+28
CYFRA 21-1 {ng/ml) 9.03 1 1.64
KL-6 (U/mL) 7320 % 1224
SP-D (ng/ml) 224 £ 24
CEA (ng/mL) 70.0%1.3
Anti-GM-CSF 48.5+ 4.7

autoantibody {ng/mL)

Normal serum ranges were CYFRA 21-1 (<2.8 ng/ml), KL-6
{<B00 U/mL), SP-D (<110 ng/mlL} and CEA (<5.0 ng/mL). The
serum CYFRA 21-1 levels of 8 cases out of the total 48 cases were
within the normal range. The 8 cases were mild or moderate
diseases categorized in DSS 1, 2 and 3, and complaint of mild
dyspnoea {(MRC 0 and 1).

AaDQ,, alveolar-arterial oxygen gradient; APAP, autoimmune
pulmanary alveolar proteinosis; CEA, carcinosmbryonic antigen;
CS, current smokar; Dleo, diffusing capacity of carbon monox-
ide; DSS, disease severity score; ES, ex-smoker; GM-CSF,
granulosyte-macrophage colony-stimulating factor; KL-6, Krebs
von den Lungen-6; MRC, British Medical Research Council score
for shortness of breath upon exertion; NS, non-smoker; PaO,,
partial pressure of oxygen; SP-D, surfactant protein-D; VC, vital
capacity.

WLL was performed in 10 patients, and inhaled
GM-CSF was administered to 20 patients (Table S3
in the online supporting information). A positive
response to the therapy was defined as improvement
of alveolar-arterial oxygen gradient (AaDO,) by 10
Torr.

Comprehensive informed consents for measure-
ments of serum biomarkers and comparison with
clinical measures were obtained from all subjects.
Additional informed consents were obtained on
GM-CSF inhalation therapy. The review board of
Kinki-Chuo Chest Medical Center approved this pro-
spective study (Approval Number 73, 99).

Procedure of WLL

WLL was performed as previously described by
Ranrez,” with slight modifications. The patient was
in supine position, and a left-sided double-luumen
tube was placed, after which one-lung ventilation
with an inspiratory oxygen fraction of 1.0 was per-
formed. Saline, warmed to body temperature, was
delivered by gravity, and the lavage fluid was also
drained by gravity after chest-wall percussion. Lavage
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was completed when the appearance of the lavage
{luid turned from milky to clear, and the total saline
delivered usually reached 15-20 L for a single lung,
WLL for the other side was performed about 2 weeks
after the first WLL, Response to WLL was evaluated 1
month after the first WLL.

GM-CSF inhalation

Twenty patients were treated with GM-CSF inhala-
tion. Three protocols for GM-CSF inhalation were
employed in 15 patients, as described by Tazawa
eral® One patient from our first pilot study™ was
treated with a daily inhalation of 250 ug of GM-CSF
every second week for 24 weeks starting on the first
week. Two patients from our second pilot study
received 125 ug of GM-CSF inhalation daily during
the first 6 weeks, and an additional 125 pg of GM-CSF
inhalation daily during the second 6 weeks if the
change in AaDO; was 210 Torr, or an additional 250 ng
of GM-CSF inhalation daily during the second 6
weeks if the change in AaDO; was <10 Torr, Twelve
patients were from a phase II trial.” The remaining
five APAP patients were treated with 50 pg of GM-CSF
inhalation twice on days 1-8 and no GM-CSF inhala-
tion on days 9-14 for 12 weeks, and 50 pg once on
days 1-4 and no GM-CSF inhalation on days 5-14 for
the next 12 weeks.

Evaluation of disease severity

Disease severity of the patients were evaluated at the
time of diagnosis, and before and after WLL or
GM-CSF inhalation using the following parameters:
AaDO;, partial pressure of oxygen (Pa0.), percentage
of predicted DLco (%DLco), percentage of predicted
vital capacity, the British Medical Research Council
score for shortmess of breath upon exertion and the
disease severity score of APAB as defined by Inoue
et al.’ The severity was classified into five grades:
grade 1, Pa0, 2 70 Torr without respiratory symptoms;
grade 2, Pa0,270 Torr with respiratory symp-
toms; grade 3, 70 Torr > PaO, 2 60 Torr; grade 4, 60
Torr > Pa0, 2 50 Torr; and grade 5, PaO, <50 Torr.
Arterial blood gas analyses were performed on
samples obtained with the patient breathing room air
at rest in the supine position for at least 15 min.

Measurement of CYFRA 21-1 and other

serum markers

Serum CYFRA 21-1, KL-6, SP-D and CEA levels were
measured by commercial enzyme-linked immuno-
sorbent assay kits (CYFRA, Boehringer Mannheim,
Tokyo, Japan; KL-6, Eizai, Tokyo, Japan; SP-D, Kyowa
Medex, Tokyo, Japan; CEA, Abbott Japan, Tokyo,
Japan). These markers were measured at diagnosis,
and before and after therapy.

Immunohistochemistry

To detect the location of CYFRA 21-1 in the lung, we
performed immunohistochemistry using the modi-
fied method of Nakayama ef al.”® Immunohistoche-
mistry was performed by the avidin-biotin peroxidase
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complex method using the VECTASTAIN ABC mouse
1gG Kit (Vector Laboratories, Burlingame, CA, USA)
and a murine monoclonal anti-cytokeratin-19 anti-
body, Ks 19.1 {Progen, Biotechnik GmbH, Heidelberg,
Germany), which is used for the measurement of
serum CYFRA 21-1, at the concentration of 5 pg/mlL.
As anegative control, mouse IgG was used at the same
concentration,

Statistical analysis

Each parameter was presented as mean & SE. Corre-
lations between serum CYFRA 21-1 and parameters of
disease severity were evaluated by Spearman's rank
correlation analysis. The differences in serum CYFRA
21-1 levels before and after GM-CSF inhalation or
after WLL were determined by the paired f-test.
Serum CYFRA 21-1 levels of GM-CSF responders and
non-responders were compared by the Student t-test.
Receiver operator characteristic curve analysis was
performed to evaluate serum markers as diagnostic
tests for APAP. The correlation between the change in
serum CYFRA 21-1 and the change in AaDO. was
assessed using the Pearson correlation analysis. A
P-value of <0.05 was considered statistically signifi-
cant. All statistical calculations were performed using
the JMP version 8.0.2 for Macintosh (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Cut-off level of CYFRA 21-1 for diagnosis

of APAP

Serum CYFRA 21-1 levels were significantly elevated
in APAP (9.03 + 1.64 ng/mL) (Table 1) as compared
with interstitial hung diseases (2.96 4 0.22 ng/mlL)
(Table S1). Cut-off level of serum CYFRA 21-1 to diag-
nose APAP was 3.80 ng/ml by receiver operator
characteristic analysis (Fig. 1). Area under receiver
operator characteristic curve of CYFRA 21-1 was
similar to that of KL-6 (Fig. 1, Table 52 in the online
supporting information).

Correlation between serum CYFRA 21-1

levels and other parameters reflecting

disease severity

Serum CYERA 21-1 levels were significantly correlated
with British Medical Research Council score, disease
severity score, AaDO, and %DLco, but not with per-
centage of predicted vital capacity. Serum KL-6 and
SP-D were significantly correlated with all five param-
eters (Table 2).

Change in serum CYFRA 21-1 and AaDO, levels
1T month after WLL

In all 10 patients treated with WLL, serum CYFRA
levels significantly decreased 1 month after WLL
(Fig. 2a). AaDO; before WLL and 1 month after WLL
was evaluated in nine patients, except for one patient
whose disease was too severe to evaluate AaDO;
under room air conditions. The decrease in AaDO, in
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Figure 1 Receiver operator characteristic (ROC) curves showing
comparison of serum markers including KL-6, surfactant
protein-D (8P-D}, carcincembryonic antigen (CEA) and CYFRA
21-1 as diagnostic test for autoimmune pulmonary alveolar
proteinosis (APAP). Levels of serum markers were measured in
68 patients with interstitial lung diseases {ILD), including idi-
opathic pulmonary fibrosis; 26 patients, non-specific interstitial
pneumonia; 6 patients, collagen vascular disease associated
interstitial prneumonia; 15 patients, hypersensitivity pneumonia;
13 patients and sarcoidosis; @ patients, and 48 patients of APAP.
Area under ROC curve of CYFRA 21-1, KL-6, CEA and SP-D was
0.8171, 0.8516, 0.7505 and 0.4851, respectively. Cut-off level of
serum CYFRA 21-1 to diagnose APAP was 3.80 ng/mL. Details of
serum markers in ILD {Table $1) and results of ROC curve analy-
sis {Table S$2) were deseribed in the online supporting informa-
tion., — , CYFRA 21-1; -~ , KL-8; ~—~, 8P-D; - - -, CEA.

Table 2 Relationship {p) bstween serum markers and
disease severity markers in APAP patients

CYFRA 2141 KL-8 SP-D CEA
MRC 0.6127% 0.6113* 0.5117%*  0.5809*
Dss 0.6441% 0.6991* 0.5044% 0.5635%
AaDO; 0.7474* 0.723g* 0.6091* 0.5914*
%Dleo —-0.8793% -0.7308%  -0.8878%  -0.4356%%*
%VC -0.2326 -0.5087%* -0.5222*  -0.2403

* P<0.0001; ¥* P<0.001; *** P<0.01.

The relationship between serum markers and disease severity
markers was evaluated by p using the Spearman rank correlation
analysis.

AaDOQ,, alveolar-arterial oxygen gradient; APAP, autoimmune
pulmonary alveolar proteinosis; CEA, carcinoembryonic antigen;
DlLco, diffusing capacity of carbon monoxide; DSS, disease
severity scorg; KL-8, Krebs von den Lungen-8; MRC, British
Medical Research Council score for shortness of breath upon
exertion; SP-D, surfactant protein-D; VC, vital capacity.

nine patients following WLL (AAaDQ,) was signifi-
cantly correlated with the decrease in CYFRA 21-1
after WLL (ACYFRA 21-1) (Fig. 2b; n=9, r=0.7621,
P=0.0170), but not with AKL-6 (n=9, r=04378,
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P=0.2386), ASP-D (n=9, r=0.4686, P=0.2033) and
ACEA (n=9, r=0.3948, P = 0.2930).

Change in serum CYFRA 21-1 and AaDO;
following GM-CSF inhalation therapy

In GM-CSF-effective cases (n=11), serum CYFRA
21-1 levels diminished significantly after GM-CSF
inhalation therapy (P = 0.002); however, in GM-CSF-
ineffective cases (11 = 9), serum CYFRA 21-1 levels did
not change significantly (Fig. 3). Although the charac-
teristics of responders were not different from that of
non-responders, except for age (Table $3), the serum
CYFRA 21-1 levels in responders were significantly
higher compared with non-responders before
GM-CSF inhalation therapy (Fig. 4). There was no sig-
nificant difference in serum KL-8, SP-D and CEA
between responders and non-responders (Table §3).
Multivariate logistic regression analysis with a
stepwise method to predict effectiveness of GM-CSF
inhalation revealed that serum CYFRA level (ng/mlL)
is a significant predictive factor; however, other
factars, including the other serum markers, were
insignificant (Table 3, Table $4 in the online support-
ing information).

Immunohistochemistry for

CYFRA 21-1 detection

Immunohistochemical analysis of the transbronchial
lung biopsy specimens obtained from one patient
was performed. CYFRA 21-1-positivity was detected
in the proteinaceous material in the alveolar spaces
and in the hyperplastic alveolar epithelial cells
{(Fig. 5).

DISCUSSION

Receiver operator characteristic curve analysis
revealed that CYFRA 21-1 is a diagnostic marker of
APAP. CYFRA 21-1 is also a sensitive serum marker for
APAP reflecting disease severity that is comparable to
KL-6 and CEA, two markers that we have previously
described.**? In the present study, serum CYFRA 21-1
levels were significantly correlated with other disease
severity parameters. Serum CYFRA 21-1 levels signifi-
cantly decreased in APAP patients in whom AaDO,
improved following GM-CSF inhalation therapy and
WLL. Thus, we propose that CYFRA 21-1 is an impor-
tant serum marker for diagnosis and disease severity
of APAP. No significant relationship of CYFRA 21-1
with percentage of predicted vital capacity was found.
However, no significant correlation might be a natural
consequence of the percentage of predicted vital
capacity decreasing below normal levels only in
severe APAP as previously reported.”

Elevation of serum markers in APAP patients is
associated with impaired metabolism through the
dysfunction of alveolar macrophages and through
augmented permeability of each marker observed in
interstitial lung diseases.™* Increased permeability is
necessary for KI.-6, a large molecule with a molecular
weight of more than 1000 kD,* to flow into the blood.

Respirology {2014} 19, 246-252
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Figure 3 Measurement of serum CYFRA 21-1 levels (mean + SE)
befare and after granulocyte-macrophage colony-stimulating
factor (GM-CSF) inhalation. [n GM-CSF-ineffective cases (non-
responders, n=9), there was no significant difference before
(5.13 £ 0.82 ng/mL) and after the inhalation therapy (510
L1 ng/mb) {a), and in GM-CSF-effective cases (responders,
n= 11}, the serum CYFRA 21-1 levels significantly decreased
from B8.29 + 1.04 ng/mlL to 3.74 £ 0.71 ng/mL after the inhalation
therapy (P= 0.002) (b). Statistical analysis was performed by the
paired t-test.

Inoue et al. reported that the increase in serum KL.-6
level was due to increased permeability of the alveolar
wall to blood flow in berylliosis.” The permeability of
the alveolar-airway barrier might be modulated by
GM-CSE GM-CSF increases alveolar epithelial barrier
function in vitro*” and suppresses the apoptosis of
alveolar epithelial cells.” Thus, it is possible that the
deficiency of GM-CSF caused by the presence of anti-
GM-CSF autoantibodies in APAP conversely leads to
the dysfunction of the alveolar epithelial barrier and
increased permeability.

Based on a previous report on non-malignant pul-
monary diseases, elevation of serum CYFRA 21-1 is
due to epithelial damage and its increased production
in the epithelium.” CYFRA 21-1 is expressed in
hyperplastic type II pneumocytes and metaplastic
cells in patients with idiopathic pulmonary fibrosis.”
Although the pathophysiology is unknown, alveolar
epithelial cell hyperplasia is sometimes observed in
the lung specimens of APAP patients.”® In agreement
with this finding, we also pointed out the existence of
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Figure 4 Serum CYFRA 21-1 levels before the inhalation of
granulocyte-macrophage colony-stimulating factor (GM-CSF)
were significantly higher in GM-CSF-effective cases (responders,
n=11,8.29 + 1.04 ng/ml) than those in GM-CSF-ineffective cases
{non-responders, n=9, 5,13 £ 0.82 ng/ml), as demonstrated by
the Student ttest (P=0.017). Three GM-CSF-effective cases
showed comparatively low levels of serum CYFRA 21-1, although
alveolar-arterial oxygen gradient of three patients was more than
40 Torr. Serum levels of Krebs von den Lungen-6, surfactant
protein-D and carcinoembryonic antigen were also low in two
out of three patients (data not shown) {values were presented as
mean  SE).

alveolar epithelial cell hyperplasia in the present
study. Thus, increased production of CYFRA 21-1
from alveolar epithelial cells may be another reason
for the elevation of serum CYFRA 21-1 levels in APAP
paltients.

Yoshimasu et al. calculated the half-life of CYFRA
21-1 to be 1.5h from the disappearance curve of
serum concentration after the resection of lung
cancer.” The half-lives of SP-D and KL-6 are not
known; however, they are predicted to be longer than
that of CYFRA 21-1 when considering their higher
molecular weights. A short half-life is an important
characteristic as a serum marker because levels of a
seruim marker with a short half-life can change sim-
ultaneously with the change in disease activity. To
evaluate this point, the disappearance rate of each
serum marker 1 month after WLL was examined in the
present study; however, there was no significant dif-
ference between the markers (data not shown). This is
because 1 month is too Jong an interval to evaluate
the disappearance rate of each of the serum markers.

© 2013 The Authors
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Table 3 Multivariate logistic regression analysis to predict effectiveness of GM-CSF inhalation in APAP

Parameters Odds ratio 95% Cl P-value

CYFRA 21-1 2 6.4 ng/mL 9.333 1.372-94.188 0.0213

Multivariate logistic regression analysis with a stepwise method to predict effectiveness of GM-CSF inhalation was performed, using
serum levels of CYFRA 21-1, carcinoembryonic antigen {CEA), Krebs von den Lungen-6 (KL-6), surfactant protein-D (SP-Dj, %vital
capacity {(VC), % diffusing capacity of carbon monoxide (DLeo), alveolar-arterial oxygen gradient (AaDO;), disease severity score {DSS),
gender, age and British Medical Research Council score for shortness of breath upon exertion (MRC score). Each parameter was
classified into two groups by median except for gender: CYFRA 21-1 2 6.4 ng/mL, CEA 2 7.3 ng/mL, KL-6 2 4090 U/mL, SP-D 2 213 ng/
mi, %VC 2 89%, %DLco 2 47.5%, AaDO; 2 44 Torr, DSS 2 4, MRC 2 3, age 2 53. Univariate analysis revealed that serum CYFRA 21-1 level
was only a significant factor 1o predict good response of GM-CSF inhalation to GM-CSF inhalation {Table $4 in the online support
information). Using stepwise method, serum CYFRA 21-1 level was also only a significant predictor for the response of GM-CSF
inhalation therapy and other serum factors were insignificant.

APAP, autoimmune pulmonary alveolar proteinosis; Cl, confidence interval; GM-CSF, granulocyte-macrophage colony-stimulating

factor.

"

Figure 5 Immunohistochemical analysis of transbronchial lung
hiopsy specimens obtained from one patient. CYFRA 21-1-
positivity was observed in lipoproteinaceocus material in the
alveolar spaces {arrowhead) and in the hyperplastic alveolar epi-
thelial cells (arrow).

Serum CYFRA 21-1 levels in responders to GM-CSF
inhalation were significantly higher compared with
non-responders. The same tendency has been
reported for serum KL-8;* however, there was no dif-
ference in the levels of the other serum markers
between responders and non-responders in our
examination. Serum CYFRA 21-1 was a significant
factor to predict effectiveness of GM-CSF inhalation
therapy by multivariate logistic regression analysis.
Hence, serum CYFRA might be a useful serum marker
to predict the effectiveness of GM-CSF inhalation.
However, studies of additional APAP patients treated
with GM-CSF inhalation are needed to make definite
conclusions, and response to GM-CSF itself needs to
be judged cautiously considering the possibility of
spontaneous regression of some cases of APAP

It remains unresolved from our investigation which
is the best seruum marker of APAP. KL-6 is a very good
marker, and is highly correlated with both symptoms
and pulmonary function tests. However, another
important ability requested for a good marker is to
predict treatment response and prognosis. We expect

© 2013 The Authors
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that serum CYFRA 21-1 might be able to forecast
elfectiveness of GM-CSF inhalation shown above and
disease severity changes, for example spontaneous
regression, due to its short half-life. Future studies are
needed to reach definite conclusions.

We conclude that serum CYFRA 21-1 is a sensitive
and useful serum marker for diagnosis and evaluation
of disease severity of APAP. CYFRA 21-1 levels might
predict the response to GM-CSF inhalation.

Acknowledgements

We thank M. Kitaichi and M. Akira for pathological and radiologi-
cal diagnostic comments; T. Yamasaki, A. Nishiyama, T. Kagawa,
A, Hirooka, S. Minomo, Y. Kohashi, M. Tamaya, 8. Shiraishi and
J. Otsuka for performing the whole lung lavage and GM-CSF
inhalation; M. Nakagawa for secretarial work; and N. Sakamoto
for data management. All of these persons were in Kinki-Chuo
Chest Medical Center. This study was partially supported by
grants from the Japanese Ministry of Health, Labour, and Waifare
for PAP (H24-Nanchito{Nan}-lppan-035) (Y1, TA, KN}; and Grant-
in-Aid for Scientific Research, from the Japan Society for the
Promotion of Science (Kiban B, Kaigai, B24406027) (Y1, KN, MH)
and from the National Hospital Organization (Y1, TA}.

REFERENCES

i

Rosen SH, Castleman B, Liebow AA. Pulmonary alveolar
proteinasis. N. Engl. J. Med. 1958; 258: 1123-42.

Kitamura T, Tanaka N, Watanabe J, Uchida ], Kanegasaki S,
Yamada Y, Nakata K. Idiopathic pulmonary alveolar proteinosis
as an autoimumune disease with neutralizing antibody against
granulocyte/macrophage colony-stimulating factor Nakata K.
J. Exp. Med. 1999; 180: 875-80.

Trapnell BC, Whitsett JA, Nakata K. Pulmonary alveolar
proteinosis. N. Engl. J. Med. 2003; 349: 2527-39.

Inoue Y, Trapnell BC, Tazawa R, Arai T, Takada T, Hizawa N,
Kasahara Y, Tatsumi K, Hojo M, Ichiwata T ef al. Characteristics
of alarge cohort of patients with autoinumune pulmonary alveo-
lar proteinosis in Japan. Am. J. Respir. Crit. Care Med. 2008; 177:
732-62.

Kuroki Y, Tsutahara S, Shijubo N, Takahashi H, Shiratori M,
Hattori A, Abe $, Akino T. Elevated levels of lung surfactant
protein A in sera from patients with idiopathic pulmonary fibro-
sis and pulmonary alveolar proteinosis. Am. Rew. Respir Dis.
1993; 147: 723-9.

Seymour JF, Dovle IR, Nakata K, Presneill JJ, Schoch OD,
Hamano E, Uchida K, Fisher R, Dunn AR. Relationship of anti-
SM-CSF antibody concentration, surfactant protein A and B

i)

I

-8

w

o

Respirojogy (2014} 19, 246-252



252

1

1

16

18

2

-3

o

2=

<

[~

e

v

[

-3

e

=

levels, and serum LDH to pulmonary patameters and response
o GM-CSE therapy in patients with  idiopathic  alveclar
proteinosis. Thoray 2003; 58: 252-7,

Honda Y. Kurokl Y, Matsuura £, Nagae H, Takahashi H, Akino
T, Abe & Pulmonary surfuctant protein D in sera and
bronchoalveolar lavage (uids, An £, Respir. Crit, Care Med. 1995;
152; 1860-6.

Hirakata ¥, Kobavashi ], Sugama Y, Kitamura S. Elevation of
tumor markers in serum and bronchoealveolar lavage fluid in
pulmonary alveolar proteinosis. Eur Respir [ 1995; 8: 689-46,
Takahashit T, Munakata M, Suzuki I, Kawakami Y. Scrum and
bronchoulveolar fluid KL-6 fevels in patients with pulmonary
alveolar proteinosis. Am. [ Respin Crit. Care Med. 1998; 158:
1294-8.

Sevmowr JIF, Presneill 1 Pulmanary alveolar proteinosis, Pro-
gress in the first 44 vears. A, L. Respin Crit. Care Med, 2002; 166:
215-35,

Usui ¥, Takavama S, Nakayama M, Miura H, Kimula Y. Interstitial
latiice shadow and mediastinal lymphadenopathy with an gleva-
tion ol carcinpembryonic antigen in severe pulmonary alveolar
proteinosis, nrern. Med, 1992; 310 422-5,

Nakajima M, Manabe T, Niki Y, Matsushima T. Serum KL-6 level
as a monitoring marker in a patient with pulmonary alveolar
proteinosis, Thorax 1994; 53: 80911,

Sugimoto C, Arai T, Nishiyama A, Inoue Y, Kagawa T, Akira M,
Maisumuro A, Hirose M, Kitaichi M, Hayashi § er a/. [Multidisci-
plinary assessment of efiects, safety and procedure of whole lung
lavage for 8 patients with autoimmune pulmonary alveolar
proteinosisl. Nilon Kokyuki Gakkai Zasshi 2011; 49: 56976,
Rapellino M, Niklinski J, Pecchio P, Furman M, Baldi S,
Chyczewski L, Rulfini I, Chyvezewska E. CYFRA 21-1 as a tumor
marker for bronchogenic carcinoma, Eur: Respir: /. 1995; 8: 407-
10.

Nakavarma M, Satoh H, Ishikawa H, Fujiwara M, Kamma H,
Ohtsuka M, Sekizawa K. Cytokeratin 19 fragment in patients with
nonmalignant respiratory diseases. Chest 2003; 123: 2001-6,
Dobashi N, Fujita J, Ohtsuki Y, Yamadori |, Yoshinouchi T, Kamei
T, Takahashi I. Elevated serum and BAL cytokeratin 19 [ragment
in pulmonary fibrosis and acute interstitial pneumonia. Eur
Respir. J. 1999; 14: 574-8,

Minakata Y, Kida Y, Nakanishi M, Nishimoto T, Yukawa 8.
Change in cytokeratin 19 fragment level according to the severity
of pulmonary alveolar proteinosis. lintern, Med. 2001; 40; 1024-7,
Aral T, Hamano E, Inoue Y, Ryushi T, Nukiwa T, Sakatani M,
Nakata K. Serum neutralizing capacity of GM-CSF reflects
discase severity in a patient with pulmonary alveolar proteinosis
successfully treated with inhaled GM-CSY. Respir. Med. 2004; 98:
1227-30.

Kitamuwra T, Uchida K, Tanaka N, Tsuchiva T, Watanabe ],
‘amada Y, Hanaoka K, Seymour JF, Schoch OD, Doyle | ¢t al.
Serological  diagnosis  of idiopathic  pulmonary alveolar
proteinosis, Am. J. Respir. Crit. Care Med. 2000; 162: 658-6G2.
Ramirez RJ. Bronchopulmonary lavage: new techniques and
observations. Dis. Chest 1996; 50: 581-8.

Respirclogy (2014) 19, 246-252

1

e

IS
S

s
5

e
o

[2%3
-3

2

(<=2

30

T Arai et al.

Tazawa I, Trapnell BC, noue Y, Arai T, Takada T, Nasubara Y,
Hizawa N, Kasahara Y, Tatsumi K, Hojo M eral. Inhaled
granlocye/macrophage-colony stimulating factor as therapy
for pulmonary alveolar proteinosis. Ann. [ Respin Crit. Core Med,
2010; 181: 1345-54,

inoue Y, Nakata K, Arai % Nukiwa 1, Kudo
K, Keicho N, Hizawa N, Yamaguchi © ¢r ol Epidemiologic and
clinical features of idiopathic pulmonary alveolar proteinosis in
fapan. Respirology 2006; 111 855-S60.

4 Doyle IR, Nicholas TE, Berstent AD, Partitioning lung and plasima

proteins: circulating  surfactant  proteins as blomarker of
alveolocapillary permeability, Clin. Exp, Pharmacol. Physiol.
14999; 26; 185-97.

Hermans €, Bemard A, A lung epithelium-specific proteins:
characteristics and potential applications as markers, Ann L
Respir. Crit, Care Med. 199%; 159: 646-74,

Kohno N, Kyoizumi 5, Awava Y, Fukuhara H, Yamakido M,
Akiyama M. New serum indicator of interstitial pneumonitis
activity, Sialylated carbohydrate antigen KL-6. Chesr 1989; 96:
6573,

Inoue Y, Barker E, Daniloff E, Kohno N, Hiwada K, Newman LS.
Pulmonary epithelial cell injury and alveolar-capillary perme-
ability in bervlliosis. Amn. J. Respir: Crit. Care Med, 1997; 156: 109~
15,

Pelacz A, Bechara RI, Joshin PC, Brown LA, Guidot DM,
Granulocyte/macrophage colony-stimulating factor treatment
improves alveolar epithelial barrier function in alcohelic rat
lung. Am. J. Physiol. Lung. Cell Mol. Physiol. 2004; 286: L106-11.
Paine R 3rd, Wilcoxen SE, Morris SB, Sartori €, Baleeiro CO,
Matthay MA, Christensen Pl Transgenic overexpression of
Granulocyte Macrophage-colony stimulating factor in the lung
prevents hyperoxic lung injury. A J. Pathol, 2003; 163: 2397~
406.

Katzenstein AL, Miscellaneous specific disease of uncertain eti-
ology, In: Katzenstein AL (edl) Katzenstein and Askin's Surgical
Pathology of Non-Neoplastic Lung Disease, 3rd edn. WB,
Saunders, Philadelphia, PA, 1997; 393116,

Yoshimasu T, Maebeva S, Suzuma T, Bessho 1, Tanino H,
Arimaoto I, Sakurai T, Naito Y. Disappearance curves for tumor
markers after resection of intrathoracic malignancies, Int. J. Biol.
Markers 1999; 14: 99-105,

Supporting information
Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site:

Table $1 Patient characteristics of interstitial lung diseases

Table S§2 Details of ROC curve analysis of serum markers

Table S3 Patient characteristics before therapy

Table 84 Univariate Jogistic regression analysis to predict effec-
tiveness of GM-CSF inhalation in APAP

© 2013 The Authors
Respirology © 2013 Asian Pacific Society of Respirology



CHESPﬂ Original Research

DIFFUSE LUNG DISEASE

Duration of Benefit in Patients With
Autoimmune Pulmonary Alveolar Proteinosis
After Inhaled Granulocyte-Macrophage
Colony-Stimulating Factor Therapy

Ryushi Tazawa, MD; Yoshikazu Inoue, MD; Toru Arai, MD; Toshinori Takada, MD;
Yasunori Kasahara, MD, FCCP; Masayuki Hojo, MD; Shinya Ohkouchi, MD;
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Hideaki Nakayama, MD; Haruyuki Ishii, MD; Takahito Nei, MD;

Konosuke Morimoto, MD; Yasuyuki Nasuhara, MD, FCCP; Masahito Ebina, MD;
Masanori Akira, MD; Toshio Ichiwata, MD; Koichiro Tatsumi, MD, FCCP;
Etsuro Yamaguchi, MD; and Koh Nakata, MD

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 lnha}atlon, 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
FMAYIA00013; URL: http://www.isrctn.org and http://www.jmacct.med.or.jp

CHEST 2014; 145(4):729-737

Abbreviations: A-aDO, = alveolar-arterial oxygen difference; Ab = antibody; aPAP = autoimmune pulmonary alveolar
proteinosis; AT = additional treatment; BALF = BAL fluid; CEA = carcinoembryonic antigen; Drco = diffusing capacity of
the lung for carbon menoxide; DSS = disease severity score; FR = free from additional treatment; GM-CSF = granulocyte-
macrophage colony-stinulating 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

Aui‘oim mune 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
journal.publications.chestnet.org CHEST/ 145/ 4 / APRIL 2014 729
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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 (Drco) rela-
tive to a modest impairment of vital capacity (VC).2 The
disease is usually treated by whole-lung lavage (WILL),
which remains the standard therapy to date,

The first patient successfully treated with subcuta-
neously administered GM-CSE was reported in 1996.7
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-CSFE 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-CST" therapy have reported simi-
lar outcomes. 3" 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. 115
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 (K1-6) levels, between the responders
and the nonresponders. '

There is limited information regarding the duration
of benelit 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.> A phase 2 study of subcu-
tancous 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 JMAITA00013} of GM-CSF inhalation
therapy described previously. In brief, patients who had lung
biopsy or eytologic 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 g bid on days 1-8,
none on days 9-14; sargramostim) for six repetitions of 2-week
cycles, then low-dose administration (125 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!s 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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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
office 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 cbservation. 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
findings 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.’2 The concentration of GM-CSF auto-

l Multicenter Phase Il Study l

‘ Baseline evaluation l
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FIGURE 1. Profile of the study cohort. AT = additional treatment;
DSS = disease severity score; FR = free from additional treatment.
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antibodies in BAL fluid (BALF) or in serum were measured using
a sandwich enzyme-linked immunosorbent assay as described
previously.s2!

Statistical Analysis

Numerical results are presented as the mean * SE or the median
and interquartile range (IQR). The X2 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-
mietric data were made using the Wilcoson signed-rank test. For
group comparisons, unpaired ¢ 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,'s were designated as AT (addi-
tional treatment). Of those, two patients maintained
most severe disease (IDSS 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 Pao, and cough <md
had WLL 12 months after the GM-CSF mhalatlon.
The other eight patients with dyspnea showed wors-
ening in Pao,/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 acetyleysteine 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 significant difference in
age, sex, symptoms, smoking status, history of dust expo-
sure, arterial blood gas analysis, numbers 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 significant difference
in disease markers, including baseline levels of Pao,,
A-aDO,, %VC, %Drco, CT scan scores, lactate dehy-
drogenase (LDH), and KL-6 between the patients who
underwent WLL (n = 6, AT-WLL group) and those
treated with GM-CSF inhalation (n =5, AT-GM group)
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Table 1—Baseline Clinical Characteristics of Patients Free From Additional Treatment and Those Who Required
Additional Treatment After GM-CSF Inhalation

FR (n=23) AT (n=12)
Characteristic No. % Median (IQR) or Mean = SE No. Y% Median (IQR) or Mean + SE P Value
Age,y 23 . 52.5 (48-6G1) 12 o 52.5 (41.75-58) 33
Sex o e .54h
Female 9 39 6 50
Male 14 61 G 50
Responders 17 7 . 7 58 . .35b
Duration of symptoms, mo 23 20 (11-61) 12 - 16 (7.75-72) 78
Symptoms e
Dyspnea 22 96 12 100 36"
Cough 10 43 7 58 650
Sputum 8 35 4 33 T1v
Smoking status 390
Current smoker § 35 2 17
Ex-smoker 5 22 2 17
Never smoked 10 43 8§ 67
Dust exposure 22 .. 11 - a7
Yes 5 36 3 18
No 14 G4 8 82
Arterial blood gas analysis
Paco,, Torre 23 380207 12 39.0%0.9 40
Pao,, Torre 23 60.6+2.1 12 s 56.343.0 254
A-aDO,, Torr 23 435424 12 46233 514
Disease severity score 23 3(3-4) 12 - 3.5 (3-5) 58
GM-CSF autoantibody, pg/imL 23 22.8 (8.5-33.2) 12 . 23.1(16.9-34.2) 940
Previous lung lavage (>6 mo 290
prior to study)
Yes 5 22 5 42
No 18 78 7 58

Thirty-five patients completed both the high-dose and low-dose period of GM-CSF inhalation therapy. A-aDO, = alveolar-arterial oxygen difference;
= additional treatment; FR = free from additional treatment; GM-CSF = granulocyte-macrophage colony-stimulating factor; IQR = interquarlile

range (range from the 25th to the 75th percentiles of the distribution).

“Caleulated using the Wilcoxon rank sum test,

"Caleulated using the ¥ test.

“Measured with patient in a supine position and breathing room air.
Caleulated using Student ¢ test.

“Calculated using the following equation: A-aDO, = (PB — P11,0) X F10, — Paco,/R + {Paco, X F10, X (1~ R)/R} — Pao,, where PB = barometric
pressure measured by local observatories; PH20 = partial pressure of water vapor in inspired air (assumed to be 47 mm Hg); F1o, = fractional
concentration of oxygen in dry gas (assumed to be 0.21); and R = respiratory quotient (assumed to be 0.8).

(e-Table 1* However, changes in A-aDO, during the
GM-CSF reatment were significantly higher in the
AT-GM group,

Association of Clinical Parameters With Requirement
for Additional Treatment

There was no significant difference in baseline find-
ings in terms of Pao,, Paco,, FEV|, and DLCO between
AT and FR groups. Both %VC (% predicted value) and
%¥VC were higher in the FR group (P<<.01) (Fig 24,
Table 2, e-Fig 2). There was no correlation between
baseline %VC and age (P = .97), sex (P = .41), baseline
Pao, (P =.18), or baseline %Dwrco (P =.34). There was
no significant 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).

732

As for differential blood cell counts, no significant 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.

Nest, clinical parameters at the end of treatment
were evaluated. The %DLco 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 scorves
were higher in the AT group than those in the FR group
at the end of treatment (P < .05). However, there was
no significant difference in A-aDO,, 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).
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FIGURE 2. The association between VC (% predicted, %VC)
and additional treatments during the 30-mo observation period
(#kP <.01). A, Baseline levels of % VG 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 = area under the recejver
operating curve; VC = vital capacity. See Figure 1 legend for
espansion of other abbreviations.
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Predlictive 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 defined 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 specificity 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 significant difference
in the time to additional treatment between the two
groups was seen when the whole period of follow-up
was compared (P =.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 Pao,, changes
in A-aDO,, 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 Pao,; change in A-aDO,;
baseline levels of LDH, KL-6, SP-A, CEA; and anti-

SM-CSF-Ab. In these subgroups, a significant 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.’s 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 pg/mlL,
and one case required an additional ’aeatmeut whereas
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Table 2—Baseline Pulmonary Function, Radialogaic Appearance, Serum Biomarkers, Hemalologic Indexes, and BALF
Cell Findings in Patients Wi ith PAP in FR and AT Groups Before GM-CSF Inhalation Treatment

FR AT
Measure No. Mean = SE or Median (IQR) No. Mean = SE or Median (IQR) P Value
Pulmonary function
VC, % predicted 23 85.9:+2.7 12 71.6+:3.8 L0045
FVC, % predicted 23 85.3£2.8 12 714E3.9 .0064¢
FEV/FVC 23 §7.1%20 12 549227 .51#
Drco, % predicted 23 57.0%3.4 10 46.0:%5.1 L0820
HRCT scan scores®
Upper lung region 23 3 (2-5) 2 4.5 (2-5) A2
Middle lung region 23 4 (3-5) 1 4 (3-5) .38¢
Lower lung region 23 4 (3-5) 12 5 {4-5) 36¢
Serum biomarkers of PAP
LDH, IU/L 23 287+ 19 325 & 26 260
CEA, ng/mlL, 23 6.2+1,0 50*+14 300
KL-6, U/L, 23 10,038 =+ 1,531 0,434 £ 2,120 .8ls
SP-A, ng/mL 23 127+ 15 2 153220 204
SP-D, ng/mL 23 227+ 25 12 290 + 34 RES
Hematologic indexes
WBC count, cells/p L, 23 5,608 # 267 12 6,358 + 370 s
Neutrophils, cells/pLs 29, 3,428 = 200 12 3,596 £ 271 .62
Monocytes, cells/pL 22 34421 12 396+ 28 .15
Lymphocytes, cells/l 22 1,730 = 147 12 2,122+ 198 J2e
Eosinophils, cells/ L 22 107+ 28 12 199 + 38 058
Basophils, cells/p.L 22 183443 12 45315.9 L0008
Hemoglobin, g/dL 23 15.4£0.3 12 144404 058
Platelets, X 107 cells/pL, 23 224 +9.1 11 27113 .0046
BALF cell classification, %
Alveolar macrophages 17 63£3.6 5 3867 L0036
Neutrophils 7 521 1.5 5 108227 L0820
L‘osmol ohiils 17 0.84+0.32 5 0.40 = 0.60 .52
Lymphocytes 17 312+ 3.8 5 50471 027

BALF = BAL fluid; CEA = carcinoembryonic antigen; DLco = diffusing capacity of the lung for carbon monoxide; HRCT = high-resolution CT;
KL-6 = Krebs von den Lungen-G; LDH = lactate dehydrogenase: PAP = pulmonary alveolar proteinosis; SP = surfactant protein; VC = vital capacity. See

Table 1 legend for expansion of other abbreviations.
Caleulated using Student £ test.

"Described previously,'s left lung,

Caleulated using the Wilcoxon rank sum test.

the others did not, In the third case, the serum levels
decreased to 0.47 pg/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.

734

WLL remains the standard of care today. A retro-
spective analysis of 231 cases found clinically signifi-
cant improvement in Pao,, FEV,, VC, and DLCO and
reported that the median duration of clinical benefit
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. 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, during the GM-CSF treatment between
the AT-WLL group patients and the AT-GM group
patients suggests that nonresponders to the first GM-
CST 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'2
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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

FR AT
T i 1
Measure No. Mean = SE or Median IQR) No. Mean * SE or Median (IQR) P Value
Pulmonary function
VC, % predicted 23 93.4+3.0 12 74.2:+42 0007
FVC, % predici‘ed 23 50.5+33 12 72245 0025
FEV/FVC 23 85.6+16 12 84.7+22 T3
Drco, % pl‘ed,ici'ed 23 68434 11 46.8 4.7 00060
HRCT scan scorest
Upper lung region 23 2 (2-3) 12 3.5 (2-4) 036¢
Middle lung region 23 3(2-3) 12 4 (2.25-4.75) 023¢
Lower lung region 23 2 (2-3) 12 4 (2.25-5) .0039¢
Serum biomarkers of PAP
LDH, IU/L 23 242 + 13 12 308+ 18 .0064»
CEA, ng/mL 23 2.7%0.6 12 5.7+08 0075
XL-6, U/L 23 3,675 £735 12 6,565 % 1,017 0280
SP-A, ng/mL 23 8012 12 131 %16 0150
SP-D, ng/mL 23 170 £34 12 304 =47 .027»
Hematologic indexes
WRBC count, cells/pL 23 5,213+ 306 12 5,797 =424 27
Neutrophils, cells/pL 22 2,961 + 205 12 3,026 =277 853
Monocytes, cells/pL 22, 320+ 30 12 338 =41 T4
Lymphocytes, cells/uL. 22 1,755 = 131 12 2,153+ 177 0802
Eosinophils, cells/iL 22 145 + 40 12 233+ 55 200
Basophils, cells/pL 29 27.4%+5.9 12 437%84 19
Hemoglobin, g/dL. 23 14.8+1.3 12 144%14 52
Platelets, X 107 cells/plL 23 214+9.0 12 235 %12 a7
BALF cell classification, %
Alveolar macrophages 13 67x4.1 5 58 £6.7 980
Neutrophils 13 6622 5 74%35 860
Eosinophils 13 0.90=0.46 5 0.82+0.75 93
Lymphocytes 13 25.6+48 5 33277 Al

See Table 1 and 2 legends for expansion of abbreviations.
*Calculated using Student ¢ test.

"Described previously, left lung.

Calculated using the Wilcoxon’s rank sum test.

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'7 reported
that five of 11 responders had recurrence of disease.
In four of five patients, the mean time to relapse was
6.3 months and ranged from 5.5 to 12 months.’ 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 physmlogy 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.?
Seymour et al® investigated 14 patients who under-
went subcutaneous GM-CSF administration and sug-
gested that higher VC before treatment was one
marker to define responsiveness to GM-CSF therapy.
In the present study, VC did not correlate with respon-
siveness to GM-CSF therapy, but it showed signifi-

journal.publications.chestnet.org

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 Pao,,
change in A-aDO,, and baseline levels of serum mark-
ers, mdudmg 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 influenced 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 significantly 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 fibrotic changes of lung tissue.
In a study of a quantitative CT scan analysis of patients
with PAP who underwent WLL and showed i improve-
ments in BDLco and BFVC, Perez et al?” demon-
strated that there was a reduction in lung weight
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following lavage, which correlated with the dry weight
of the lavage effluent. The study demonstrated a shift
in the regional lung inflation toward more inflated
lung with a corresponding increase in the mean lung
inflation. Surfactant accumulation might be associated
with an elevated ventilation-perfusion mismatch and
disproportionately impaired DLco in patients with
aPAP2 Seymour et al® 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 alter
treatment. However, requirement ol additional therapy
was not significantly 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, fibrotic changes of lung tissue,
might be maintained even after GM-CSF therapy
or WLL. Pulmonary fibrosis has been reported to
be associated with PAP, and exposure to oxygen or
repeated WLL have been suggested as potential con-
tributors to fibrosis. 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
findings 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
bullac 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 'R 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 fibrosis 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 produe-
tion of anti-GM-CSF-Ab.

736

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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Abstract

Lymphangioleiomyomatosis (LAM) is an uncommon lung disease that affects mostly female.
LAM has an insidious onset, and is typically slowly progressive. Until recently, there was no
proven therapies for LAM except for lung transplantation. To assess the effect of sirolimus, a
mTOR inhibitor, on biological and clinical markers of lung function and to assess the safety, a trial
was designed as a multi - center international, phase III, randomized, double - blind, placebo ~ con -
trolled intention to treat (MILES trial). Respiratory disease group in The Second Department of
Medicine and Bioscience Medical Research Center, Niigata University Hospital participated in the
trial with Kinki Chuo Chest Medical Center and enrolled total 24 patients in Japan. On one year of
oral sirolimus, patients with LAM and moderate respiratory impairment had significant but modest
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benefits on lung function and measures of quality of life or functional performance. The safety pro -
file of the drug was acceptable and consistent with the known toxicities. Thus, Japanese research

group contributed to the success of MILES trial.

Key words: Lymphangioliomyomatosis, clinical trial, FEV1.0, FVC
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