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Introduction

There are various guidelines for the management of a 
single pulmonary nodule. Although liquid biopsy alone 
may be able to diagnose lung cancer safely and easily in 
the future, clinical approaches based on radiological (CT 
with or without PET) appearance and cancer risk factors 
are currently common in guidelines. In addition, there 
are several prediction models that estimate the clinical 
probability of malignancy in a pulmonary nodule based on 
radiological appearance and cancer risk factors (1-3). In 
Asia, the American College of Chest Physicians (ACCP) 
guidelines for Asia are used for the management of a 
single pulmonary nodule (4). However, there is no useful 
prediction model validated in Asian populations, and the 
high prevalence of granulomatous and other infectious 
diseases, which may present as pulmonary nodules, needs to 
be considered in Asia (4). Furthermore, in clinical practice, 
we occasionally encounter cancer-negative specimens for 
which a histologically definitive diagnosis is difficult, or 
diagnostic outcomes are surprising.

Pulmonary alveolar proteinosis (PAP) is a relatively rare 
syndrome characterized by an unreasonable accumulation of 
eosinophilic and periodic acid-Schiff (PAS) staining-positive 
material within the alveoli generally due to insufficient 
surfactant catabolism by macrophages. The material is 
usually fine granular, but is occasionally condensed into 
large globules (5,6). The pathophysiologies of PAP can be 
classified into three groups: congenital surfactant proteins 
(SPs) or granulocyte macrophage-colony stimulating factor 

(GM-CSF) receptor gene mutations; secondary functional 
disorder or decreased numbers of alveolar macrophages due 
to various conditions such as haematologic malignancy and 
toxic inhalation; and idiopathic (the majority of this group 
have been found to be anti-GM-CSF antibody-positive and 
classified as autoimmune PAP, which accounts for more 
than 90% of all PAP cases) (7). The usual chest radiographic 
finding of PAP is diffuse airspace opacity showing a perihilar 
and basal distribution without pleural effusion. The high-
resolution (HR) CT image of ground-glass opacity (GGO) 
combined with inter- and intralobular septal thickening, the 
so called ‘‘crazy-paving’’ pattern, is a representative finding 
of PAP (8). In advanced PAP, confirmation of a typical 
crazy-paving appearance combined with milky PAS-positive 
bronchoalveolar lavage suggests a PAP diagnosis. However, 
the pattern is not present in approximately 1/5 of cases, and 
up to 1/3 of patients may be asymptomatic (9). Therefore, 
the pathophysiology of early stage PAP is not fully 
elucidated. In addition, localized PAP, which manifests no 
clinical symptoms, is extremely rare and, to the best of our 
knowledge, such case has not been reported in non-Asian 
patient (10-13). In this manuscript, we report an atypical 
anti-GM-CSF antibody-negative PAP case presenting as a 
mixed nodular GGO with focal mucinosis, which was not 
expected in a standard single pulmonary nodule diagnostic 
pathway.

Case presentation 

A 71-year-old male visited a nearby hospital due to persistent 
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dry cough following upper respiratory tract infection, and 
a 12-mm nodular GGO was detected in his right lower 
lobe by chest CT performed on suspicion of interstitial 
pneumonia (Figure 1A). Although a CT scan was scheduled 
after 2 months, the patient stopped visiting the hospital 
as the symptom disappeared after a short time. However, 
when the patient visited the hospital again 9 months  
later, concerned that he had not received follow-up 
observation, CT revealed an increase in density of the 
nodular GGO (Figure 1B). The patient was then referred to 
our hospital on clinical suspicion of lung cancer. 

The patient had no clinical history of COPD, pulmonary 
infections, extrathoracic cancers, haematologic malignancies, 
autoimmune diseases, dust or toxic inhalation, but he had 
smoked 5 cigarettes a day for 51 years (12.75 pack-years) up 
to the hospital visit. The clinical probability of malignancy 
based on a prediction model described in the ACCP 
guidelines for Asia on the evaluation of pulmonary nodules 
was 15% (moderate) (3,4). The prediction model reflects 
age, smoking status, history of cancers and diameter, 
spiculation, and location of the nodule. Laboratory 
data were as follows: white blood cell count, 6,170/μL 
(neutrophils, 60.9%; lymphocytes, 33.2%; monocytes, 
4.1%; basophils, 1.0%; eosinophils, 0.8%; abnormal cells, 

0.0%); hemoglobin, 13.9 g/dL; platelet count, 18.9×104/all;  
AST, 13 IU/L; ALT, 10 IU/L; γGTP, 35 IU/L; LDH, 
117 IU/L; Na, 145 mEq/L; K, 4.0 mEq/L; Cl,109 mEq/L;  
creatinine, 0.83mg/dl; C-reactive protein, 0.03 mg/dL.  
HRCT showed a mixed (or part-solid) nodular GGO 
with a slightly dilated air bronchogram, suggesting a well 
differentiated adenocarcinoma (Figure 1C) (14). Interstitial 
pneumonia was not observed. We originally planned to 
carry out a CT-guided transthoracic needle biopsy (CT-
TNB). However, the patient preferred to undergo video-
assisted thoracoscopic partial resection of the right lower 
lobe to get a definite diagnosis. After preoperative evaluation 
by the thoracic surgeon, partial resection was completed 
without complications. Histologically, no neoplastic cells 
were present in the resected specimen and the alveolar 
spaces were filled with eosinophilic and PAS staining-
positive material throughout the entire volume of the 
nodular GGO indicating PAP (Figure 1D,E). Eosinophilic 
large globules were not contained (Figure 1D,E) .  
Epithelial hyperplasia of bronchiole and fibrosis under 
the epithelium were observed in the nodular lesion 
(Figure 1D). Interlobular septa and small vessels were 
not included in the lesion. The immunohistochemistry 
of the protein-like material revealed that KL-6 was 

Figure 1 Chest CT images [(A) at presentation; (B,C) 9 months after the first examination] and pathological findings of the resected 
specimen [(D) hematoxylin and eosin staining; (E) periodic acid-Schiff (PAS) staining]. (A) A 12-mm nodular ground-glass opacity (GGO) 
was detected in the right lower lobe. (B) Increase in density of nodular GGO was observed. (C) High-resolution CT showed a part-solid 
nodular GGO with slightly dilated air bronchogram. (D) Alveolar spaces were filled with eosinophilic material. Epithelial hyperplasia of 
bronchiole and fibrosis under the epithelium were observed in the nodular lesion. (E) Eosinophilic material in alveolar spaces was positive 
for periodic acid-Schiff (PAS) stain.
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stained diffusely and SP-A was positive in a fine granular 
pattern (Figure 2A,B). However, SP-D was negative 
(Figure 2C). The material was also positive for diastase-
PAS, mucicarmine and alcian blue staining throughout 
the entire volume of the nodular GGO (Figure 2D,E,F). 
A serum anti-GM-CSF antibody test was negative and 
the KL-6 level was within the normal range (235 U/mL).  
Although genetic analysis was not carried out, the patient 
had no family history of PAP and had not taken any 
medications that could affect alveolar macrophage function. 
Three months after the resection, chest CT detected no 
recurrence.

Discussion 

About 5% of mixed nodular GGOs resected without 
preoperative tissue are supposed to be benign lesions (15).  
In the relevant literature, localized PAP is extremely rare 
(10-13) and is not generally assumed as a differential 
diagnosis of mixed nodular GGOs. However, PAP should 
be considered in cases of cancer-negative specimens for 
which diagnosis is difficult. Measurement of serum anti-
GM-CSF antibody levels is useful even in diagnosis of 
localized autoimmune PAP, since its titer does not correlate 
with severity of the clinical manifestations (16). In fact, 
several cases of anti-GM-CSF antibody-positive localized 
PAP have been reported (11-13). On the other hand, 

serum anti-GM-CSF antibody is negative in only 0.4% of 
Japanese idiopathic PAP (17). To the best of our knowledge, 
this manuscript is the first case of anti-GM-CSF antibody-
negative localized PAP with focal mucinosis. 

Within the range of our diagnostic examinations, underlying 
diseases known to induce secondary PAP were not observed 
in our case. In addition, tissue disorders such as fibrosis, 
organization, bleeding and inflammatory cell infiltration 
in the alveolar region, which are generally recognized in 
secondary PAP, were not found in this case (18). However, 
from a pathological point of view, there is a possibility that 
localized tissue damage of bronchiole due to unknown 
etiology induced epithelial hyperplasia. Since bacteriological 
examinations, such as tissue culture, were not carried out, 
local infection cannot be excluded.

KL-6 is mucinous high-molecular-weight glycoprotein 
and its levels in the serum and bronchoalveolar lavage fluid 
of PAP patients have been shown to be extremely high, 
correlating with disease activity (19,20). Previous studies 
indicated that KL-6 immunoreactivities were observed in 
type II pneumocytes in PAP patients, suggesting that KL-6 
positive staining in lung tissue supports diagnosis of PAP 
(19,20). The intra-alveolar material in PAP was also positive 
for KL-6, as well as SP-A and SP-D: KL-6 and SP-A were 
localized in the intra-alveolar fine granular substances and 
SP-D was localized in the SP-A-negative foci corresponding 
to eosinophilic large globules (6,21). However, the staining 

Figure 2 Additional pathological findings of the resected specimen [(A,B,C) immunohistochemical staining; (D) diastase-PAS staining; (E) 
mucicarmine staining; (F) alcian blue staining]. (A) KL-6 was stained diffusely. (B) Surfactant protein (SP)-A was positive in a fine granular 
pattern. (C) SP-D was negative. (D,E,F) Intra-alveolarly accumulated material was also positive for diastase-PAS, mucicarmine and alcian 
blue staining.
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patterns in our patient (KL-6, diffuse; SP-A, fine granular; 
SP-D, negative) were not consistent with those of previous 
cases, suggesting an unknown pathophysiology differing 
from typical PAP (6,21). Positive findings on diastase-PAS, 
mucicarmine and alcian blue staining indicated that the intra-
alveolar material was mainly derived from epithelial mucus. 
We speculated that epithelial mucus produced by mucus-
secreting cells in the epithelial hyperplasia of the bronchioles 
accumulated in the surrounding alveolar spaces, and that 
KL-6 and SP-A on the alveolar epithelium were incorporated 
into the mucus. Since mucus is positive for PAS staining, its 
accumulation in the alveolar region alone may appear to be a 
pathological image as PAP. However, it was unclear whether 
the accumulation of mucus was the main cause or secondary 
change of localized PAP in our patient.

ACCP guidelines for Asia define the diagnostic pathway 
depending on the size of the pulmonary nodule. In an 
individual with a solid nodule >8 mm in diameter and with 
moderate clinical probability of malignancy, 18F-FDG-PET 
is recommended, while in an individual with a part-solid 
nodule measuring >8 mm in diameter, the additional option 
of PET is recommended after a 3-month follow-up CT (4). 
On the other hand, PAPs with heterogeneous accumulation 
of 18F-FDG were reported, including a localized case 
(22,23). Therefore, it is difficult to suspect nodular PAP by 
noninvasive examination before surgical biopsy. The same 
guidelines recommend further evaluation with nonsurgical 
biopsy and/or surgical resection in a patient with suitable 
surgical risk for nodules persisting beyond 3 months, and our 
patient preferred to undergo video-assisted thoracoscopic 
partial resection of the right lower lobe. However, CT-
TNB seemed to be easily incorporated in the presented case 
with a superficial lesion compared with surgical resection. 
In addition, a recent meta-analysis found that CT-TNB had 
a 26% better diagnostic yield [pooled diagnostic yield: 92%, 
95% confidence interval (CI): 88–95] than transbronchial 
lung biopsy using radial endobronchial ultrasound and 
virtual bronchoscopic navigation (66%, 95% CI: 55–76) at 
tissue biopsy of small pulmonary lesions <2 cm in diameter, 
although complications of pneumothorax and hemorrhage 
were common with CT-TNB (24). 

Conclusions

Solitary pulmonary nodule assessment may create 
unexpected difficulties. In the case of cancer-negative 
specimens, specific staining for PAP, including the atypical 
type with focal mucinosis, should be considered in 

differential diagnosis. In future research, it may be valuable 
to observe patients with localized PAP to propose an 
optimal diagnostic model, and to understand whether such 
cases are examples of a distinctive disease phenotype or an 
early finding of potentially progressing diffused disease. 
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