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An enlarging ground-glass nodule (GGN) in the lungs closely resembles the characteristic appearance of a 
well differentiated lung adenocarcinoma or adenocarcinoma in situ (AIS).  Herein, we present an unusual 
case characterized by clinical features suggestive of AIS but pathologically confirmed as exhibiting 
pulmonary alveolar proteinosis (PAP)-like changes.  Patients with enlarging pure GGNs warrant 
consideration for diagnostic and curative surgery.  While a considerable proportion of such cases receives 
a pathological diagnosis of lung malignancy, it is imperative to consider alternative benign conditions in the 
differential diagnosis, such as PAP-like changes.
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Introduction 
A ground-glass opacity (GGO) is a radiological find-

ing on high-resolution computed tomography (HRCT), 
manifesting as a nebulous opacity that does not obscure the 
underlying bronchial structures or pulmonary vessels 
(Hansell et al. 2008).  A ground-glass nodule (GGN), which 
progressively expands, closely resembles well differentiated 
lung adenocarcinoma (LUAD) and preinvasive lesions such 
as adenocarcinoma in situ (AIS) (Miller et al. 1981, Lee et 
al. 2014).  The curative efficacy of surgery for AIS 
approaches 100%, and has a low perioperative rate of com-
plications (Wang et al. 2019; Yotsukura et al. 2021).  
Consequently, surgical intervention is considered when the 
lesion gradually enlarges or a solid component becomes 
apparent on imaging performed during monitoring.  

GGOs can also manifest as a wide variety of benign 
conditions (Miura et al. 2013).  Pulmonary alveolar pro-
teinosis (PAP) is a rare disease characterized by excessive 
accumulation of phospholipids and surfactant apoproteins 
in distal air spaces.  A hallmark feature of PAP on HRCT is 
the presence of smoothly thickened intralobular interstitial 
and septal lines, set against a background of widespread 

GGOs.  This pattern is often referred to as ‘crazy-paving’ 
and is typically distributed in a bilateral and geographic 
manner (Khan and Agarwal 2011; Akira et al. 2016).  On 
the other hand, some patients with fibrosis and chronic 
inflammation exhibit focal histological characteristics 
resembling PAP (Katzenstein 2016; Nunomura et al. 2016).  
Herein, we present an unusual case of a patient with patho-
logically confirmed focal PAP-like changes that were ini-
tially not suspicious, but then manifested as a progressively 
enlarging pure GGN mimicking AIS.

Case Presentation
A 63-year-old man with a history of smoking and 

exposure to dust underwent a wedge resection of his right 
lower lobe for lung cancer.  The histopathological evalua-
tion of the surgical specimen revealed AIS.  Postoperative 
follow-up CT examinations four years after surgery 
revealed a pure GGN in the right upper pulmonary lobe, 
which gradually increased in size over the course of two 
years.  At the time of evaluation for his GGN, the patient 
was asymptomatic, and his physical examination was unre-
markable.  Chest radiography and pulmonary and cardiac 
function tests, and blood tests that included levels of lactate 
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dehydrogenase (LDH), Krebs von den Lungen-6 (KL-6), 
and pulmonary surfactant protein-D (SP-D), yielded unre-
markable results.  HRCT of the chest showed a pure GGN 
enlarging to 1.6 cm in the right pulmonary apex (Fig. 1A, 
B).  The patient was clinically diagnosed with AIS and 
underwent wedge resection.

The surgical specimen was negative for malignant 
findings, whereas it contained airspaces filled with granular 
proteinaceous exudate that was positive on periodic acid-
Schiff (PAS) staining and immunohistochemical staining 
for surfactant protein A (SP-A) (Fig. 2A-D).  Foamy macro-
phages were also present in the airspaces.  The stroma was 
mildly infiltrated by lymphocytes and macrophages (Fig. 
2B).  These pathological features were similar to those of 
PAP, except for their distribution and focal and localized 
manifestations, which deviated from the typical presenta-
tion of PAP.  Measurement of the serum concentration of 
antibodies to granulocyte-macrophage colony-stimulating 
factor (GM-CSF) could not be performed.  We ultimately 
concluded that the available evidence provided limited sup-
port for a diagnosis of PAP, leading to the diagnosis of PAP-
like pathological changes in this particular patient.  Fifteen 
months after his surgery, the patient appeared stable, with-
out further progression of the condition.  	

Discussion  
The findings in this case highlight the histopathologi-

cal PAP-like changes that were initially unsuspected and 
ultimately manifested as a progressively enlarging pure 
GGN clinically mimicking AIS.  A crazy-paving pattern 
with a bilateral and geographic distribution is the primary 
HRCT feature that is generally considered to be diagnostic 
of PAP (Khan and Agarwal 2011; Akira et al. 2016).  
Granular proteinaceous materials that are positive for PAS 
and SP-A staining within the alveolar spaces are the histo-
pathological characteristics of PAP (Khan and Agarwal 
2011).  The diagnosis of autoimmune PAP, which encom-

passes over 90% of all PAP cases, relies predominantly on 
laboratory testing for antibodies to GM-CSF (Khan and 
Agarwal 2011).  In our patient, the histopathological find-
ings indicated PAP; however, a definitive diagnosis of PAP 
could not be established because the lesion was focal and 
localized and we could not obtain data on GM-CSF testing.  
Secondary PAP is recognized to emanate from underlying 
conditions such as hematopoietic and immunodeficiency 
disorders, dust inhalation, or infection.  However, such etio-
logical factors were not applicable to this case.  

Throughout the six-year follow-up period subsequent 
to the initial surgical intervention for lung cancer, there 
were no appearances of typical GGOs indicative of PAP, 
except for enlargement of the pure GGN in the right upper 
lobe.  The patient remained asymptomatic, and blood test-
ing, including LDH, KL-6, and SP-D levels, yielded unre-
markable results.  These clinical findings further support 
that this is an atypical case of PAP.  However, we acknowl-
edge that the absence of data on the serum concentration of 
antibodies to GM-CSF is a problematic limitation, and it 
cannot be definitively discounted that our patient may have 
true autoimmune PAP.  

There has been a published report of a patient whose 
initial imaging results showed a part-solid nodule, and fol-
low-up imaging showed progression to a “crazy paving” 
pattern.  That report supports the plausibility that a GGN 
can be an early radiological manifestation of PAP (Oh et al. 
2014) Therefore, we plan to continue careful observation of 
our patient.

Some patients with fibrosis and chronic inflammation 
occasionally exhibit focal histopathological features resem-
bling PAP (Katzenstein 2016; Nunomura et al. 2016).  
Shinohara et al. (2018) reported a patient with a 12-milli-
meter nodular GGO on CT, along with histopathological 
evidence consistent with the characteristics of PAP in the 
background of inflammation and fibrosis.  Focal PAP-like 
lesions occurring in the background of other inflammatory 

Fig. 1.  Computed tomography (CT) findings.
	 High-resolution CT of the chest revealed a pure ground-glass nodule in the right pulmonary apex, which was enlarged, 

measuring 1.6 cm in the axial (A) and coronal planes (B) (arrowhead).  No CT characteristics conventionally associated 
with PAP were evident, aside from the postoperative changes observed in the right lower lobe.
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and fibrotic diseases most likely represent nonspecific reac-
tive changes, and such cases should not be diagnosed as 
PAP (Katzenstein 2016).  PAP-like findings are caused by 
an imbalance between surfactant production by the alveolar 
epithelium and its subsequent degradation and absorption 
by macrophages and lymphatic vessels.  Our present case 
was unique, given the absence of pathological conditions 
typically associated with PAP-like lesions, although the 
definitive etiology underlying the emergence of PAP-like 
changes has remained elusive.  

With regard to the radiographical features of our case, 
a retrospective review on the CT findings revealed that a 
pure GGN can manifest as a “miniature crazy paving pat-
tern”; wherein the ground-glass shadow reflects the accu-
mulation of proteinaceous materials in the alveoli and the 
vascular shadows within the GGN reflect thickened alveolar 
septa.  We also found a slightly reduced density of the nod-
ule in our patient, and the nodule manifested a pattern with 
more mottling than seen for the patterns in most patients 
with AIS.

The Guidelines for the Management of Pulmonary 
Nodules in Japan recommend a workup to establish a defin-
itive diagnosis for patients in whom the maximal diameter 
of a pure GGN enlarges to 15 mm or more (Japanese 
Society for CT Screening 2013).  A major proportion of 
surgically confirmed single pure GGNs have been identified 
as preinvasive lesions such as AIS or minimally invasive 

adenocarcinoma (MIA); although GGNs may also manifest 
as benign nodules, including focal interstitial fibrosis, 
inflammatory granuloma, and inflammatory pulmonary 
pseudotumors (Wang et al. 2019).  Given the low periopera-
tive complication rate and an almost 100% surgical cure 
rate observed in patients with AIS or MIA (Wang et al. 
2019, Yotsukura et al. 2021), we contend that pursuing a 
definitive diagnosis through surgery in our case was a judi-
cious course of action.  A pitfall of this case was that the 
differential diagnosis only included well differentiated 
LUAD, MIA, or AIS; and PAP was not suspected.  In addi-
tion, in our daily practice, we found that patients with 
GGNs often present with multiple synchronous or meta-
chronous GGNs, which can lead to misdiagnosis.

Conclusions
We have reported an unusual case presenting as PAP-

like pathological features, which initially eluded suspicion 
and then presented as a progressively enlarging pure GGN 
clinically mimicking AIS.  Patients who are being moni-
tored for a pure GGN that enlarges over time should be 
considered for surgical intervention, which can provide 
both a diagnosis and a cure.  While a substantial number of 
such cases are pathologically diagnosed with well differen-
tiated LUAD, it is imperative to consider alternative benign 
conditions such as PAP-like changes in the differential diag-
nosis.

Fig. 2.  Pathological findings.
	 Histopathological examination revealed that the airspaces were filled with granular proteinaceous exudates (hematoxylin 

and eosin stain) (A).  Mild infiltration of lymphocytes and macrophages was seen in the stroma around a small vessel.  
Airspaces contained foamy macrophages (B).  The granular proteinaceous substances present in the alveolar space were 
positive for periodic acid-Schiff staining (C) and surfactant protein A immunohistochemical staining (D).  
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