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Abstract
Background: Bronchiolar adenoma (BA)/ciliated muconodular papillary tumors (CMPTs) was previously
considered to be a benign neoplasm, with the possibility of malignant transformation reported in a few
cases. Thus, the exact nature and biological potential of BA/CMPT have not been fully elucidated. We
here report a case of mucinous adenocarcinoma (MA) caused by malignant transformation of BA.

Case presentation: A 57-year-old woman presented with a 17.0×7.0 mm nodule in the lower lobe of the
left lung. Hematoxylin-eosin (H&E) staining and immunohistochemistry were performed. The tumor was
composed of two areas: BA area and MA area. In BA area, the tumor was consisted by a bilayered
structure of luminal cells and basal cells. Basal cells were positive for CK5/6, p63, and p40, while they
were not detected in MA area. The Ki-67 proliferation index was low (1%~2%). Finally, the patient was
diagnosed with BA accompanied by MA, and had a favourable outcome.

Conclusions: BA is generally considered to be a benign tumor. The present study indicated that BA may
be carcinogenic and we should be vigilant for its potentiality of malignant transformation in clinical
practice.

Background
Bronchiolar adenoma (BA) is a proposed diagnostic terminology by Chang et al. [1], which is
characterized as putatively benign neoplasms corresponding to the anatomic epithelium of bronchioles.
These tumors are not endobronchial in location but rather situated on alveolar walls, with the lesions
involving the lung parenchyma. Architecturally, they are papillary and/or �at, proliferating along the
scaffolding of native alveolar walls. Histologically, the tumors are composed of bilayered cellular
proliferation comprising luminal cuboidal and club cells and a continuous basal cell layer highlighted by
the markers p40 and/or CK5/6. The concept of BA is considered an expansion of the ciliated
muconodular papillary tumors (CMPTs).

With the popularity of high-resolution computed tomography (CT), a wide range of pulmonary
abnormalities, including ground-glass nodules and mucus-secreting peripheral nodules, can be detected.
The lack of understanding of BA/CMPT, as well as their similarity in morphology with malignant tumors,
such as invasive mucinous adenocarcinoma (IMA), has brought great di�culties and challenges for the
pathological diagnosis, especially in intraoperative frozen sections. BA/CMPT was previously considered
to be a benign neoplasm, with the possibility of malignant transformation reported in a few cases. Thus,
the exact nature and biological potential of BA/CMPT have not been fully elucidated. Herein, we present a
case report of mucinous adenocarcinoma (MA) caused by malignant transformation of BA to increase
the understanding of this disease and reduce the misdiagnosis and missed diagnosis.

Case Presentation
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The 57-year-old female patient presented with a space-occupying lesion more than 5 years ago without
any other clinical symptoms and signs. After admission, CT revealed a 17.0 × 7.0 mm nodule in the lower
lobe of the left lung (Fig. 1), and routine blood laboratory tests were normal. Based on the above imaging
results and clinical manifestation, the diagnosis of adenocarcinoma could not be con�rmed, so a wedge-
resection of the lung under video-assisted thoracoscopic (VATS) was performed.

Gross examination of the resected specimens revealed an isolated gray-white nodule with a maximum
diameter of 17.0 mm in the lung parenchyma, located below the pleura. It was di�cult to identify BA from
MA in the intraoperative frozen section diagnosis and the patient was discharged on the 3rd
postoperative day in a stable and healthy condition.

Hematoxylin-eosin (H&E) staining of the postoperative para�n section showed that the tumor was
closely associated with the bronchioles and had spread to the nearby alveolar wall with an unclear
boundary (Fig. 2A). In the central area of the lesion, the presence of bilayered structure could not be ruled
out and was composed of tripartite cellular components analogous to the bronchiolar-type epithelium,
mainly basal cells and luminal epithelial cells (Fig. 2A, in red dotted line; Fig. 2B). The luminal layer was
lined predominantly by mucinous cells, ciliated columnar cells, or cubic/low columnar cells in various
numbers and proportions arranged continuously in a �at, papillary, or glandular structure along the
preexisting alveolar wall. The skipping growth pattern of tumor cells along the alveolar walls was
observed in certain areas. The tripartite cellular components were normal in morphology, without
signi�cant atypia, mitosis, or necrosis. Most areas in the center of the lesion showed continuous basal
cell layers, while other areas showed neither a continuous basal cell layer nor papillary structure. However,
part of the tumor periphery showed adenocarcinoma characteristics (Fig. 2A, in black dotted line; Fig. 4A),
mainly represented by the glandular structures lined with mucinous cells and tall columnar mucinous
cells growing along the alveolar wall, showing slight atypia and low mitotic activity. No ciliated cells and
few basal cells were observed. The skipping growth pattern of tumor cells was observed (Fig. 4B), with
large mucinous cells in parts of the tumor and surrounding abundant mucus secretions.

Immunohistochemistry was performed with a panel of antibodies including CK7, TTF-1, Napsin A, CK5/6,
p63, and Ki-67, showing that CK5/6 (Fig. 3A) and p63 (Fig. 3B) were expressed continuously and
consistently in basal cells, but were discontinuously expressed in the skipping pattern in certain areas. It
was hypothesized that the distal bronchioles had a potential for gas exchange with the blood, and the
basal layer cells might be incomplete as they migrated to the alveolar sacs. Basal cells were absent in
certain glandular areas, as demonstrated by the negative labeling of basal markers (Fig. 5A-B). CK7
showed diffuse positivity in both basal and luminal cells (Fig. 3C and 5C). TTF1 was positively expressed
in basal cells, ciliated cells, and cubic/low columnar cells, but negatively expressed in mucinous cells
(Fig. 3D and 5D). Napsin A was weakly expressed (Fig. 3E and 5E) and the Ki-67 proliferation index was
low (1%~2%) in the cubic/low columnar cells (Fig. 3F and 5F). Finally, this case was diagnosed as BA
accompanied by MA in pathology.

Discussion And Conclusions
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BA is a term introduced by Chang et al. [1], which is an expansion of the concept of CMPT, characterized
by benign tumors corresponding to the anatomic epithelium of bronchioles. The hallmark of BA is a
continuous layer of basal cells, the basis for BA to be identi�ed as a benign neoplasm [1], and is key to
distinguishing between BA and lung adenocarcinoma. At low power, it may be misdiagnosed as
preinvasive or invasive lesions of carcinoma, especially in frozen sections. However, ciliated cells and
basal cells can be identi�ed when sections are examined at high power, thus avoiding misdiagnosis [2]. In
the present case, �at, papillary, and glandular structures in the epithelial neoplasm were observed in the
frozen sections making it di�cult to distinguish the benign lesions from malignancy.

The diagnosis of BA should refer to its morphological and immunohistochemical characteristics. Chang
et al. [1] showed that BA reproduced a spectrum of morphologic features ranging from proximal
bronchioles to distal respiratory bronchioles. The proximal type was characterized by a bilayered
epithelium comprising continuous basal cells and luminal epithelial cells (mucinous cells and ciliated
columnar cells), with bilayered bronchiolar proliferation presenting a papillary structure. TTF-1/Napsin A
staining in luminal cells was negative or weakly positive, whereas p63, p40, and CK5/6 were continuously
expressed in basal cells. In contrast, the distal-type BA occurs in respiratory bronchioles with the absence
of ciliated cells or mucinous cells and may have no papillary structure. TTF-1/Napsin A staining in
luminal cells is positive, whereas p63, p40, and CK5/6 are expressed in the basal cells in a skipping
growth pattern. In our case, the tumor was 17.0 mm in diameter with a continuous basal cell layer in
certain areas. Signi�cant ciliated differentiation was observed in luminal cells, accompanied by abundant
mucinous cells. However, in certain areas, the markers of basal cells were expressed in a skipping pattern
with no de�nite papillary structure and the luminal cells were cubic/low columnar cells, which were
positive for TTF-1/Napsin A. Thus, the morphological and immunohistochemical lesion features were
consistent with continuous changes in the components of mucosal epithelial cells from the proximal to
distal bronchioles.

To date, BA/CMPT has been recognized as a benign or low-grade inert malignant tumor based on the
results of previous studies [1, 3–9]. The high prevalence of driver gene mutations (EGFR, BRAF, ALK, and
KRAS) [1, 4, 8, 10, 11] supports the notion that these lesions are neoplastic rather than reactive or
metaplastic. BA is a tumor rather than a reactive or cytoplastic lesion, however, the relationship of these
mutated genes with the pathogenesis and prognosis of BA remains unclear and needs to be further
explored. Several cases of BA/CMPT with malignant transformation have been reported [12–15]. Miyai et
al. [12] reported a case of CMPT with malignant transformation of basal cell components, and Chen et al.
[15] described a case of MA caused by canceration from CMPT, speculating that CMPT was a
precancerous lesion of MA. Han et al. [14] reported a particular case with the loss of continuity of the
basal cell layer in the junctional zone between BA and IMA, and BA, in this case, had the same KRAS
mutation as the adjacent IMA. Wang et al. [13] also reported a case of malignant CMPT. All of the above
cases featured the absence of a basal cell layer in histology. The present case was diagnosed as MA
caused by malignant transformation of BA based on HE staining and immunohistochemistry, providing
histological evidence for the malignant potential of BA. The clinicopathological �ndings of the reported
cases are shown in Table 1 [see Additional �le 1].
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Several driver gene mutations of lung adenocarcinoma have been found in BA, among which the high
incidence of BRAF mutations (50%) [10] contrasts with that of EGFR mutations in lung adenocarcinoma.
Meanwhile, EGFR mutation, ALK gene rearrangement [11], AKT1 mutation, and KRAS mutation were also
validated in BA [8]. As reported by Zheng et al. [16], CMPT characterized by tripartite cellular components
of ciliated columnar cells, mucinous cells, and basal cells with predominantly papillary architecture is
termed “classic CMPT”. Compared to non-classic CMPT, BRAF mutations are more common in classic
CMPT. However, Chang et al. [17] believed that the BRAF mutation was more frequent and common in
distal-type BA.

In conclusion, the postoperative pathological results con�rmed the diagnosis of BA accompanied by MA,
the underlying reason for which may be related to the malignant potential of BA. Therefore, it is of great
signi�cance to further improve our understanding of BA and report similar cases due to the rarity of the
disease.

Abbreviations
BA: bronchiolar adenoma; CMPTs: ciliated muconodular papillary tumors; MA: mucinous
adenocarcinoma; IMA: invasive mucinous adenocarcinoma; CT: computed tomography; H&E:
Hematoxylin-eosin; VATS: video-assisted thoracoscopic
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Figures

Figure 1

High-resolution computed tomography: A mixed solid/ground-glass nodules (A and B, red arrows) in the
posterior basal segment of the lower lobe of the left lung, approximately 17.0 × 7.0 mm in size, irregular
in shape, close to the pleura.

Figure 2

H&E staining of the whole tumor and BA area. At low power, the tumor is located around the bronchioles
with obscure boundary and extends along the alveolar wall to the surrounding pulmonary tissues,
containing prominent extracellular mucus (A, H&E ×40). The tumor is roughly composed by two areas: BA
area which is adjacent to the bronchioles (A, in red dotted line) and MA area which is adjacent to the
tumor (A, in black dotted line). BA area: The tumor is consisted by a bilayered structure of luminal cells
and basal cells and arranged in glandular, papillary, and �at structures (B, H&E ×100). At high power,
ciliated cells or cubic/low columnar cells and locally abundant mucinous cells are observed in the
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luminal epithelium, which are normal in morphology, without signi�cant atypia and pathological mitosis.
(B inset, H&E ×400). 

Figure 3

Immunohistochemical image of BA area. CK5/6 (A, ×400) and p63 (B, ×400) highlight a continuous basal
cell layer in some areas and a discontinuous skipping pattern in other areas. Diffuse CK7 (C, ×200) is
positively expressed in both basal cells and luminal cells; TTF-1 (D, ×200) is positively expressed in basal
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cells, ciliated cells and cubic cells, but negatively expressed in mucinous cells; Luminal cells showed
patchy weak positive for Napsin A (E, ×200) ; The Ki-67 index was relatively low expressed F ×200 . 

Figure 4

H&E staining of MA area. At low power, the tumor is arranged in glandular structure (A, H&E ×100). At
high power, luminal cells are mainly composed of mucinous columnar cells, and there is no clear basal
cell layer around the gland (A illustration, H&E ×400). The skipping growth pattern is noticed around the
tissues (B, H&E ×200). 
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Figure 5

Immunohistochemical image of MA area. CK5/6 (A, ×100) and p63 (B, ×100) show a clear boundary in
the junctional area between BA and MA (yellow dotted line). The basal cell layer in MA area is completely
disappeared, suggesting an invasive disease. The tumor cells are invasively positive for CK7 (C, ×200);
TTF-1 (D, ×200), whereas Napsin A (E, ×200) shows only patchy positivity, indicating the differentiation of
alveolar epithelial type II cells. The Ki-67 index was also low expressed in the in�ltrating area (F, ×200).
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