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GM-CSF Autoantibody-positive Pulmonary Alveolar
Proteinosis with Simultaneous Myeloproliferative Neoplasm
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Abstract

Pulmonary alveolar proteinosis (PAP) is classified as autoimmune, secondary, or genetic. We herein de-
scribe a 69-year-old man with autoimmune PAP, simultaneously diagnosed with myeloproliferative neoplasm
(MPN). Two years after the diagnosis, the MPN progressed to acute myeloid leukemia, and the patient died
from an alveolar hemorrhage during remission induction chemotherapy. Throughout the clinical course, no
progression of PAP was observed, despite the progression to leukemia. There are few reports of autoimmune
PAP with hematological malignancy, and this case demonstrated that an evaluation for GM-CSF autoantibod-
ies is important for distinguishing the autoimmune and secondary forms of PAP, even if the patient has hema-

tological malignancy.
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Introduction

Case Report

Pulmonary alveolar proteinosis (PAP) is a rare disease
characterized by the excessive accumulation of lipoproteins
containing periodic acid/Schiff reagent (PAS)-positive sur-
factant in the lower respiratory tracts. It can be classified as
autoimmune, secondary, or genetic. Regarding the secondary
type, complications from blood disorders are well known
causes. Secondary PAP is believed to be caused by a relative
deficiency of granulocyte macrophage colony-stimulating
factor (GM-CSF) and related macrophage dysfunction. In
contrast, autoimmune PAP is thought to be primarily caused
by anti-GM-CSF autoantibodies (1-3). In the present report,
we describe a patient with PAP who was positive for GM-
CSF simultaneously exhibited a
myeloproliferative neoplasm.

autoantibodies and

A 69-year-old man experienced respiratory difficulty on
exertion for 6 months. He underwent an examination at a lo-
cal clinic after becoming aware of swelling of the dorsum of
the right foot for 2 weeks. Leukocytosis was observed, and
he was referred to our hospital. The patient had no pertinent
underlying diseases, medical history, or family history. Re-
garding his lifestyle, he had smoked 30 cigarettes per day
for 50 years and was never exposed to a dust explosion. On
a physical examination, a fine crackle was audible on both
sides of the back, and edema of the right dorsum of the foot
was evident.

The blood test results were as follows: white blood cells
(WBCs): 30,402/uL. (differential count = myeloblasts: 2%,
promyelocytes: 1%, myelocytes: 3%, metamyelocytes: 2%,
band cells: 9%, granulocytes: 68%, lymphocytes: 7%, baso-
phils: 1%, and monocytes: 7%), Hb: 15.6 g/dL, reticulocytes
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Figure 1.

———— el

(a, b) On plain chest radiography, bilateral alveolar opacities located centrally in mid and

lower lung zones are found. (c, d) On high resolution CT reveals ground glass opacity accompanied

by significant, diffuse hypertrophy of the interlobular septa of both lungs referred to as “crazy-

paving”.

(Ret): 2.2%, platelets (PIt): 195,000/uL, total protein: 7.4 g/
dL, albumin (Alb): 4.1 g/dL, blood urea nitrogen: 18.2 mg/
dL, creatinine (Cr): 1.18 mg/dL, aspartate amino transferase:
22 TU/L, alanine amino transferase: 19 U/L, lactate dehydro-
genase (LDH): 430 IU/L, total bilirubin: 0.5 mg/dL, uric
acid: 6.6 mg/dL, sodium: 138 mEq/L, potassium: 4.0 mEq/
L, chloride: 105 mEq/L, calcium: 9.3 mg/dL, C-reactive pro-
tein: 0.71 mg/dL, antinuclear antibody: (-), cytoplasmic anti-
neutrophil cytoplasmic antibodies: (-), perinuclear antineu-
trophil cytoplasmic antibodies: (-), cardioembryonic antigen
(CEA): 15.8 ng/mL, Krebs von den Lungen-6 (KL-6):
38,090 U/mL, surfactant protein D: 185.9 ng/mL, and B-D-
glucan: 9.5 pg/mL.

Plain chest X-ray and computed tomography (CT) showed
ground glass opacity (GGO) accompanied by significant,
diffuse hypertrophy of the interlobular septa of both lungs
(Fig. 1). No lymph node enlargement was noted, but the
spleen was mildly enlarged.

Respiratory function testing indicated that, on room air,
the blood oxygen saturation level (SpO.) was 93%, blood
gas was pH 7.437, partial pressure of carbon dioxide was
33.6 mmHg, partial pressure of oxygen was 72.2 mmHg,
base excess was -0.7 mmol/L, bicarbonate was 22.3 mEq/L,
vital capacity was 94.1%, forced expiratory volume in 1 sec-
ond (FEV1%) was 80.2%, and diffusing capacity for carbon
monoxide was 11.39 mL/min/mmHg (80.8%).

Regarding leukocytosis, bone marrow testing indicated
that the numbers of all types of granulocytes were elevated

in the hyperplasic bone marrow without any abnormalities in
differentiation of any lineages or dysplastic features. The
numbers of megakaryocytes were modestly increased, but no
morphological abnormalities were apparent. A small increase
in the numbers of reticular fibers was detected using the sil-
ver impregnation method. Chronic myelogenous leukemia
(CML) was excluded because the G-banding chromosome
analysis was 46,XY [20/20] and a fluorescence in situ hy-
bridization analysis of the BCR-ABL fusion gene was 0%.
It was difficult to make an accurate diagnosis according to
the WHO Classification 2008 because mutations in genes
such as JAK2, V617F, and CSF3R were not evaluated. On
clinical presentation, there was no splenomegaly. On a pe-
ripheral blood analysis, there was no leukoerythroblastosis,
anemia, polycythemia, thrombocythemia, or eosinophilia.
These findings excluded primary myelofibrosis, polycythe-
mia vera, essential thrombocythemia, and chronic eosino-
philic leukemia. There was no bone marrow dysplasia, so
we excluded myelodysplastic syndrome (MDS) and atypical
CML. Chronic neutrophilic leukemia was also excluded be-
cause a peripheral blood analysis revealed that the band cell
and granulocyte levels were less than 80% and myeloblast
levels over 1%. Therefore, we diagnosed the patient with
myeloproliferative neoplasm, unclassifiable (MPN U) by ex-
clusion diagnosis.

Lung shadows on X-ray imaging suggested PAP; there-
fore, bronchoscopy was performed. The bronchoalveolar lav-
age (BAL) had a milky appearance. BAL tests results were
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Figure 2.

(a, b) On trans bronchial lung biopsy, The terminal bronchioles and alveoli are filled with

a PAS-positive eosinophilic material with a granular pattern. (c, d) On bronchoalveolar lavage fluid

and suctioned sputum, we can find granule-like substances that tended to be stained light green and

the presence of macrophages.

as follows: LDH level was 81 IU/L, leukocytes were 1.1x
10°/mL, quantitative method for Alb was 246.8 mg/Cr, quan-
titative method for urinary protein was 70 mg/dL, and CEA
was 18.4 mg/mL. On transbronchial lung biopsy, the alveo-
lar space was filled with PAS-positive eosinophilic granule-
like substances, consistent with PAP (Fig. 2A and B). We
noted substances that tended to stain light green in the BAL
fluid and suctioned the sputum. Macrophages were also pre-
sent in the BAL and sputum (Fig. 2C and D). The GM-CSF
autoantibody levels were high, at 56.45 pg/mL. Taken to-
gether, these findings were consistent with PAP, and a diag-
nosis of PAP was made.

Our treatment strategy involved a conservative approach
with regular follow-up observations for MPN. Regarding
PAP, following discussion with respiratory specialists, given
that the dyspnea on exertion was mild and did not interfere
with the patient’s daily activities, we decided not to perform
alveolar lavage or GM-CSF inhalation therapy until more
severe symptoms manifested.

Two years after the diagnosis, the WBC count reached
over 70,000/uL, and we began treatment with hydroxyurea
(500 mg/day). At that time, the respiratory symptoms and
chest X-ray showed no signs of progression of PAP. After
that, the WBC count was gradually maintained at 15,000-
45,000/uL.

Three years after the diagnosis, the levels of blast cells in
the peripheral blood increased suddenly to 18%. At that
time, there were almost no respiratory symptoms like dys-

pnea on exertion. The SpO, was 94% on room air, and plain
chest X-ray and CT showed no marked changes from the
initial diagnosis of PAP. The blood test results were as fol-
lows: WBCs: 13,710/uL (differential count = myeloblasts:
18%, myelocytes: 1%, band cells: 2%, granulocytes: 42%,
lymphocytes: 19%, basophils: 1%, eosinophils: 1%, and
monocytes: 16%), Hb: 11.5 g/dL, Ret: 1.5%, and PlIt:
43,000/uL. Bone marrow testing showed that the blast cell
levels were at 37%, and peroxidase staining results were
positive. Blast cells were positive for CD13, CD33, and
HLA-DR and negative for CD34 and CD117. The levels of
monocytes also reached 10%, and a diagnosis of acute
myeloid leukemia (AML) was made. The G-banding chro-
mosome analysis was 46,XY[7/20], 46,XY,idic(17)[11/20],
47,XY,+21[2/20].

Soon after admission, remission induction therapy (30
mg/m’ daunorubicin for 3 days and 200 mg/m’ enocitabine
for 8 days) was introduced in accordance with The Japan
Adult Leukemia Study Group GML200 protocol (4). No se-
vere adverse events occurred during the course, although on
Day 27 of the recovery phase of remission induction ther-
apy, bone marrow aspirate showed residual myeloid blast
cells (about 5-10%), and the patient failed to achieve remis-
sion. We chose to start reinduction therapy. On Day 14 of
the second induction, a large volume of hemoptysis began to
continuously appear, and his oxygenation simultaneously
worsened rapidly. Plain chest X-ray and CT showed pro-
gression of bilateral GGO and pleural effusion. A respiratory
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Table. Case Reports of PAP with MPN.
reference  type of MPN MPN disease status at diagnosis of anti GM-SCF  treatment outcome
PAP antibody
11 CML Chronic phase not evaluated antibiotics of died due to septic shock
Mycobacterium
kansasii
treated for 3years by
interferon,imatinib and Hydroxyurea
disseminated Mycobacterium kansasii
infection
12 MDS/myelopro diagnosed at the same time not evaluated WLL improved dyspnea after WLL
liferative
syndrome
13 CML progress to accelerated phase occured died due to pneumonia
treated for 8years by negative WLL
interferon,imatinib and Hydroxyurea
14 CML progress to lymphoid blast crisis 34.9 ng/mL Switched from  died due to leukemia
occurred imatinib to
nilotinib

treated for 12 years by interferon and
imatinib

specialist determined the patient to have alveolar bleeding
due to thrombocytopenia and infection. Despite intensive
care, the patient died on Day 16 of the second induction.
Throughout the course from diagnosis to death, we deemed
the state of PAP to be unchanged, despite the progression to
leukemia. This meant that we did not provide therapy for
PAP, such as alveolar lavage. The GM-CSF autoantibody
levels could not be evaluated periodically because this was
not covered by his medical insurance.

Discussion

The abnormal GM-CSF function caused by autoimmune
mechanisms is the main cause of adult PAP (5-7). Of the
248 reported cases of PAP in Japan, 223 (89.9%) had auto-
immune PAP that was positive for GM-CSF autoantibodies.
Twenty-four patients (9.7%) were diagnosed with secondary
PAP that was negative for GM-CSF autoantibodies or an un-
derlying illness. The remaining patient (0.4%) had disease of
unknown cause (7). This report shows that autoimmune PAP
is the most common form. In the present case, tests for GM-
CSF autoantibodies were positive, and the disease was thus
considered to be autoimmune PAP.

The causes of secondary PAP are likely related to relative
decreases in the levels of GM-CSF and corresponding
macrophage dysfunction. Only one case of secondary PAP
related to indium-tin oxide exposure with GM-CSF autoanti-
bodies was observed (8). Other reports on secondary PAP
have shown that most cases were negative for GM-CSF
autoantibodies and did not involve autoimmune mecha-
nisms (1, 3, 9, 10).

One report showed that 40 cases of PAP secondary to he-
matologic malignancy were negative for GM-CSF autoanti-
bodies (3). In contrast, the present case of PAP was positive
for GM-CSF autoantibodies and had MPN. Although the
median antibody titer for autoimmune PAP was reported to
be 15.29 pg/mL (7), the antibody titer in our case was 56.45

pg/mL, which was relatively high. We cannot exclude the
possibility that the onset of PAP was a result of MPN, but
we regarded this case as one of autoimmune PAP with inde-
pendent MPN.

Secondary PAP with hematological disease and without
autoimmune mechanisms is common, but autoimmune PAP
with hematological disease, as in the present case, has rarely
been reported. Previous case reports of PAP with MPN are
listed in Table (11-14). As noted in other reports (9), CML
and MDS are the most common cause of PAP, and there are
no reports of PAP with MPN U such as ours. In one case of
PAP, GM-CSF autoantibodies were detected, and it was
speculated that ABL tyrosine kinase
mechanisms were involved (14). Interestingly, three out of
four cases listed in Table were diagnosed with PAP when
MPN progressed or disseminated infection occurred. In the
remaining case, MPN improved temporarily when whole-
lung lavage was provided as treatment for PAP. However, in
our case, the relationship between the clinical course of
MPN and PAP was not apparent.

One report compared the CT findings between autoim-
mune PAP and secondary PAP and showed that the typical
high-resolution CT (HRCT) findings for autoimmune PAP
were GGO with a patchy geographic pattern, subpleural
sparing, crazy-paving appearance, and predominance in the
lower lung field. These findings are uncommon for secon-
dary PAP (15). In the present case, the HRCT findings were
a geographic GGO pattern, rather than diffuse GGO. Addi-
tionally, subpleural sparing and the crazy-paving appearance
were seen, patterns which are more similar to autoimmune
PAP. However, GGO was not predominant in the lower lung
field, and we could not confirm the typical appearance of an
autoimmune PAP pattern.

When reviewing the therapeutic strategies for PAP, it is
important to note that the various forms of PAP may require
different treatments, even though whole-lung lavage is the
current therapeutic standard (16, 17). GM-CSF inhalation

inhibitor-induced
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therapy (18) and rituximab (19) may also be effective treat-
ments for autoimmune PAP. Several reports have shown that
alveolar lavage and serial measurements of serum GM-CSF
autoantibodies may prove useful for monitoring disease ac-
tivity and response to treatment (20).

Secondary PAP with hematological malignancy is consid-
ered to have poor prognosis (8). However, it has been re-
ported that PAP may also improve if hematological malig-
nancy can be controlled (2). PAP did not progress after
MPN transformed to AML in our case, and this observation
was consistent with autoimmune PAP.

This report shows that evaluating the levels of GM-CSF
autoantibodies is critical for distinguishing secondary and
autoimmune PAP, even if the patient has PAP with hemato-
logical disease.

The authors state that they have no Conflict of Interest (COI).
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