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Abstract
Recent advances in radiographic imaging and thoracic surgery have facilitated surgery for small lung tumors by eliminating 
the need for pathological diagnosis. To date, we have experienced two cases of small lung tumors that were surgically resected 
without pathological diagnosis as malignant. Computed tomography (CT) revealed sub-solid nodules in the peripheral 
lung. After tumor resection, both tumors were pathologically diagnosed as peribronchiolar metaplasia. To the best of our 
knowledge, solitary peribronchiolar metaplasia showing a sub-solid nodule on CT imaging has not previously been reported.
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Introduction

In lung cancer screening, recent advances in radiographic 
imaging by computed tomography (CT) have allowed detec-
tion of small lung lesions less than 5 mm in diameter [1, 
2]. CT can be used to clearly identify early lung adenocar-
cinoma lesions by ground-glass nodules [1]. Furthermore, 
advances in thoracic surgery, such as video-assisted thoracic 
surgery, have allowed for easy resection of lung lesions with-
out open thoracic surgery [3]. Therefore, surgery for small 
pulmonary lesions can be easily performed without an initial 
pathological diagnosis. This facilitates the process because it 
is often difficult to obtain tumor tissue biopsies by transbron-
chial lung biopsy or percutaneous computed tomography 
(CT)-guided needle biopsy. If a small lung lesion is regarded 

as malignant from the CT image, surgical resection can be 
performed for diagnostic and/or treatment purposes.

In this report, we present two cases of peribronchiolar 
metaplasia, which were clinically diagnosed as early lung 
adenocarcinoma and resected without preoperative patho-
logical diagnosis.

Case report

Case 1

A 78-year-old Japanese woman had small abnormal shad-
ows in the right upper and lower lobe detected by CT, but 
they were too small for diagnosis. She had no history of 
smoking. Laboratory findings showed no abnormalities in 
tumor markers. Her chest lesions were followed periodi-
cally. Four years later, the nodule in the right lower lobe 
gradually increased in size to 1.1 × 1.0 cm. CT showed the 
lesion as an irregular speculated sub-solid nodule containing 
small air chambers (Fig. 1a). The size of consolidation was 
0.5 cm. 18F-FDG positron emission tomography (PET) was 
not performed. Since the nodule was clinically suspected to 
be primary lung cancer (cT1aN0M0, Stage IA), segmentec-
tomy with hilar lymph node dissection was performed with 
curative intent for early lung cancer.

The resected tumor was approximately 1.0 × 1.0 × 0.8 cm 
in size. The details of macroscopic findings and histology 
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are shown in Fig. 2. No lymph node metastasis was pre-
sent. Since dilated bronchioles were present in the lesion 
(Fig. 2b), the final pathological diagnosis was peribronchi-
olar metaplasia.

Case 2

A 79-year-old Japanese woman was referred to our hospi-
tal due to early gastric cancer. Preoperative chest CT found 
a sub-solid nodule (1.7 × 1.7 cm in size) with an irregu-
lar margin and pleural retraction in the right lower lobe 
(Fig. 1b). The size of consolidation was 1.6 cm. 18F-FDG 
PET revealed no abnormal accumulation of 18F-FDG in 

the tumor. Transbronchial lung biopsy was performed, but 
failed to retrieve the tumor tissue. The patient had never 
smoked. Her laboratory data showed no abnormalities 
in serum tumor markers. The tumor was clinically diag-
nosed as lung cancer, with a clinical stage of cT1aN0M0 
(Stage IA). 2 months after surgery for early gastric cancer, 
segmentectomy without lymph node dissection was per-
formed for conservative reasons in consideration of her 
comorbidities.

The size of the tumor was 1.5 × 1.2 × 1.2 cm. The details 
of macroscopic findings and histology are shown in Fig. 3. 
Since ciliated and non-ciliated tumor cells with bronchi-
oloalveolar growth are closely associated with dilated 

Fig. 1   CT images from case 1 
(a) and case 2 (b)

Fig. 2   Macroscopic findings 
and histology for case 1. The 
tumor was yellowish-white in 
color at the cut surface, and 
the consistency increased at an 
indistinct margin surrounded by 
dot line (a). A low-power view 
of the tumor showed prominent 
lepidic growth resembling ade-
nocarcinoma in situ (b). A high-
power view showed that the 
alveolar structure was slightly 
fibrotic and was lined mostly 
with non-ciliated cuboidal bron-
chiolar cells and a few mucus 
cells (c). Immunohistochemistry 
showed non-ciliated cuboidal 
bronchiolar cells to be positive 
for CAM5.2, but negative for 
TTF-1, and p40-positive cells 
were present underneath the 
cuboidal bronchiolar cells (d). 
Furthermore, the mucus cells 
were positive for MUC5AC. b, 
c Hematoxylin & eosin staining. 
The asterisk (*) shows a dilated 
bronchiole
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bronchioles, the final pathological diagnosis was peribron-
chiolar metaplasia.

Discussion

In 2002, Henschke et al. proposed a new terminology of 
solid and sub-solid nodules instead of the previously used 
term ground-glass opacity (GGO) in CT screening for lung 
cancer [4]. Sub-solid nodules are localized forms of GGO, 
which is subclassified into part-solid or non-solid nodules 
based on the presence or absence of a solid area. Mirtch-
eva et al. revealed that bronchioloalveolar carcinoma and 
adenocarcinoma with bronchioloalveolar features were 
histologically presenting as GGO on CT [5]. In CT lung 
cancer screening, sub-solid nodules are usually regarded as 
malignant, but they may also be benign lesions such as focal 
interstitial fibrosis, inflammation and hemorrhage [6].

The size and shape and their changes during follow-up 
of sub-solid nodules are important factors in evaluating 
malignancy [7]. About 75% of persistent pulmonary GGO 
nodules were reported to be bronchioloalveolar carcinoma 
or adenocarcinoma with predominant bronchioloalveolar 

components [8]. Increased or persistent sub-solid nodules 
are more likely to be malignant, specifically in primary 
lung adenocarcinoma, so it is reasonable to clinically diag-
nose case 1 as adenocarcinoma. Larger nodule size is an 
important predictor of malignancy in sub-solid nodules 
[9]. In case 2, the tumor size was 1.7 × 1.7 cm and the 
nodule was associated with pleural retraction, resulting in 
the clinical diagnosis of adenocarcinoma. In case 2, the 
18F-FDG PET study was negative. In lung cancers, 18F-
FDG PET is preoperatively helpful to detect lymph node 
metastasis, but its clinical usefulness in small sub-solid 
nodules remains controversial [10].

In this study, two small nodules were clinically diag-
nosed as malignant, and resected, but the pathological 
diagnosis of both lesions was peribronchiolar metaplasia. 
Peribronchiolar metaplasia or lambertosis is a non-specific 
reaction to injury that results in the extension of bronchi-
olar type epithelial cells along the alveolar walls adjacent 
to the airways [11]. In general, peribronchiolar metapla-
sia is a common pathological finding for various chronic 
interstitial lung diseases [12]. However, our cases were 
not associated with interstitial lung fibrosis. To date, no 
case has been reported of large solitary peribronchiolar 

Fig. 3   Macroscopic findings and histology for case 2. The tumor was 
a solid nodule with a clear border, and when cut, the surface was glit-
tering brown in color surrounded by dot line (a). The tumor histol-
ogy showed bronchioloalveolar growth containing dilated bronchioles 
surrounded with mucus-filled alveoli (b). The tumor cells formed two 
cell patterns; columnar or cuboidal in the upper layer and basal-like 
cells in the lower layer (c). The columnar cells had cilia on the cell 

surface, but these were absent on the cuboidal cells. In some areas, 
the tumor-contained mucus cells. The non-ciliated and ciliated cells 
were positive for CAM5.2, but negative for TTF-1, while the basal-
like cells were positive for p40 (d) and keratin 5/6. Carcinoembryonic 
antigen (CEA) was not detected. b, c Hematoxylin & eosin staining. 
The asterisk (*) shows a dilated bronchiole
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metaplasia appearing as a sub-solid nodule on CT and 
clinically misdiagnosed for adenocarcinoma.

The histology of large peribronchiolar metaplasia in our 
cases showed great diversity. Case 1 resembled the histol-
ogy of atypical adenomatous hyperplasia or adenocarcinoma 
in situ. However, the proliferating epithelium was immuno-
histochemically negative for TTF-1 and positive for p40. 
Case 2 morphologically resembled ciliated muconodu-
lar papillary tumors, but differed immunohistochemically 
with negative results for TTF-1 and CEA in the prolifer-
ating ciliated columnar epithelium [13, 14]. Moreover, the 
proliferating epithelia were characteristically composed of 
ciliated columnar cells lined with p40-positive basal-like 
cells. Previous studies indicated that p63 or p40 immuno-
histochemistry was useful in distinguishing reactive and 
neoplastic glandular proliferations in bronchioloalveolar 
epithelium [15]. As solitary peribronchiolar metaplasia is 
a tumor-like lesion showing various histology from case to 
case, pathological diagnosis should be carefully performed 
using immunohistochemistry.

Conclusion

In summary, we report two cases of solitary peribronchiolar 
metaplasia clinically misdiagnosed as malignant. In terms 
of reduction of overdiagnosis and overtreatment, solitary 
peribronchiolar metaplasia should be noted as one type of 
benign pulmonary lesion showing as a sub-solid nodule on 
CT.

Acknowledgements  The author thanks Dr. Yuichi Ishikawa, Depart-
ment of Pathology, The Cancer Institute, Tokyo, for valuable diagnostic 
advice on case 2.

Compliance with ethical standards 

Conflict of interest  None declared.

References

	 1.	 Marshall HM, Bowman RV, Yang IA, Fong KM, Berg CD. 
Screening for lung cancer with low-dose computed tomography: 
a review of current status. J Thorac Dis. 2013;5:524–39.

	 2.	 Rubin GD. Lung nodule and cancer detection in CT screening. J 
Thorac Imaging. 2015;30:130–8.

	 3.	 Murasugi M, Onuki T, Kanzaki M, Nitta S. The role of video-
assisted thoracoscopic surgery in the diagnosis of the small 
peripheral pulmonary nodule. Surg Endoscopy. 2001;15:734–6.

	 4.	 Henschke CI, Yankelevitz DF, Mirtcheva R, McGuinness G, 
McCauley D, Miettinen OS. CT screening for lung cancer: fre-
quency and significance of part-solid and nonsolid nodules. AJR 
Am J Roentgenol. 2002;178:1053–7.

	 5.	 Mirtcheva RM, Vazquez M, Yankelevitz DF, Henschke CI. Bron-
chioloalveolar carcinoma and adenocarcinoma with bronchioloal-
veolar features presenting as ground-glass opacities on CT. J Clin 
Imaging. 2002;26:95–100.

	 6.	 Lee HY, Lee KS. Ground-glass opacity nodules: histopathology, 
imaging evaluation, and clinical implications. J Thorac Imaging. 
2011;26:106–18.

	 7.	 Truong MT, Ko JP, Rossi SE, Rossi I, Viswanathan C, Bruzzi JF, 
et al. Update in the evaluation of the solitary pulmonary nodule. 
Radiographics. 2014;34:1658–79.

	 8.	 Kim HY, Shim YM, Lee KS, Han J, Yi CA, Kim YK. Persistent 
pulmonary nodular ground-glass opacity at thin-section CT: his-
topathologic comparisons. Radiology. 2007;245:267–75.

	 9.	 Matsuguma H, Mori H, Nakahara R, Suzuki H, Kasai T, Kamiy-
ama Y, et  al. Characteristics of subsolid pulmonary nodules 
showing growth during follow-up with CT scanning. Chest. 
2013;143:436–43.

	10.	 Kim TJ, Park CM, Goo JM, Lee KW. Is there a role for FDG PET 
in the management of lung cancer manifesting predominantly as 
ground-glass opacity? AJR Am J Roentgenol. 2012;198:83–8.

	11.	 Hasleton P, Flieder DB. Spencer’s pathology of the lung, 6th ed. 
2013. p 646.

	12.	 Fukuoka J, Franks TJ, Colby T, Flaherty KR, Galvin JR, Hayden 
D, et al. Pribronchiolar metaplasia: a common histologic lesion 
in diffuse lung disease and a rare cause of interstitial lung disease. 
Am J Surg Pathol. 2005;29:948–54.

	13.	 Kamata T, Yoshida A, Kosuge T, Watanabe S, Asamura H, 
Tsuta K. Ciliated muconodular papillary tumors of the lung: 
a clinicopathologic analysis of 10 cases. Am J Surg Pathol. 
2015;39:753–60.

	14.	 Ishikawa M, Sumitomo S, Imamura N, Nishida T, Mineura K, 
Ono K. Ciliated muconodular papillary tumor of the lung: report 
of five cases. JSCR. 2016;8:1–4.

	15.	 Sheikh HA, Fuhrer K, Cieply K, Yousen S. p63 expression in 
assessment of bronchioloalveolar proliferations of the lung. Mod 
Pathol. 2004;17:1134–40.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Solitary peribronchiolar metaplasia showing a sub-solid nodule on computed tomography
	Abstract
	Introduction
	Case report
	Case 1
	Case 2

	Discussion
	Conclusion
	Acknowledgements 
	References


