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Abstract: Bronchiolar adenoma (BA) is recognized as a neoplasm with benign clinical
course. Histologically, BA is characterized by nodular proliferation of the bilayered bronch
iolar-type epithelium, including multipartite epithelial cells and a continuous layer of basal
cells. Recent reports have revealed the frequent presence of driver gene mutations in BA,
suggesting its neoplastic nature. However, it is still debatable whether BA has malignant
potential. Herein, we report the first case of BA harboring the same KRAS mutation with the
adjacent invasive mucinous adenocarcinoma (IMA). Additionally, the loss of continuity of
the basal cell layer in the junctional zone between BA and IMA indicated a malignant
transformation from BA to IMA in this particular case.
Keywords: bronchiolar adenoma, invasive mucinous adenocarcinoma, KRAS,
transformation

Introduction
Bronchiolar adenoma (BA) is a newly designated rare entity by Chang et al in 2018,
including the currently established ciliated muconodular papillary tumor (CMPT)
and the so-called non-classic CMPT.1 Commonly, BAs present as discrete, sharply
circumscribed lesions with a median size of 0.5cm (0.2 to 2cm).1–4 The most
prominent histological feature of BA is the bilayered cell structures composed of
the continuous basal cell layer (p40 and CK5/6-positive), and the surface cell layer
consists of different proportions of mucinous cells, ciliated cells, Clara cells and
type II pneumocytes. The composition of the surface epithelium renders BA with
subtypes, including proximal-type and distal-type. The primary differential diag
nosis for proximal-type BA with prominent mucinous feature is invasive mucinous
adenocarcinoma (IMA).1 To date, no convincing evidence has been found on
whether BA can transform to IMA.1–8 Herein, we report the pathological observa
tion and molecular study of a special BA, which may shed new light on this point.
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A 70-year-old man with thirty years of smoking history presented with complaints
of shortness of breath. Computed Tomography (CT) revealed a 1.5cm×1.4cm
nodule in the middle lobe of the right lung. The lesion was lobulated, with spicule
formation, associated with distal airway tracts (Figure 1A, red arrow). After
excluding extrapulmonary metastases by imageology, lobectomy was performed.
Gross examination revealed a demarcated, gray-white mucoid mass in the periph
eral lung. No necrosis, hemorrhage or pleural indentation was noticed.
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Figure 1 CT showed a 1.5cm×1.4cm mass in the middle lobe of the right lung, closely related to the bronchi (A, red arrow). The tumor is mainly composed of lepidicgrowing mucinous cells with papillary structures and abundant intra-alveolar mucus (B, 200×). The skipping growth pattern of tumor cells can be noticed (C, 200×). In
certain glandular areas, the presence of basal cell layers could not be ruled out (D, 200×). A mixture of ciliated cells and columnar cells could be observed in the glandular
area (E, 200×). No distinct boundary was found in the junctional zone between the glandular and the lepidic areas (F, 100×).

Microscopically, the tumor was mainly composed of two
patterns: glands lined with proliferative mucinous cells
and tall columnar mucinous cells growing along the alveo
lar wall (Figure 1B). Papillary, micropapillary structures
and intra-alveolar mucus can be seen. Based on the skip
ping growth pattern seen in certain areas (Figure 1C), the
intraoperative pathological diagnosis favored IMA.
Postoperative pathological examination showed that, in
some regions of glands, especially the center of the tumor,
the presence of basal layers could not be ruled out. The
luminal layers of the glands were lined predominantly by
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cuboidal cells, interpreted by ciliated cells and columnar
cells (Figure 1D). Intraluminal papillaries composed of
mucinous cells could be noted in certain glands. (Figure
1E). No distinct boundary was found between the glandular
and the lepidic areas (Figure 1F). Hence, immunohistochem
istry was performed with a panel including CK7, TTF-1,
Napsin A, CK5/6, p63, p40, and Ki-67. The expression of
p40, p63, and CK5/6 demonstrated an area composed of
continuous basal layer measuring 5×3 mm2 (Figure 2A and
B). TTF-1 was positive in the columnar and cuboidal cells in
the luminal layer of the glands (Figure 2C, red arrows).
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Interestingly, in the adjunct lepidic areas, basal cells were
absent, as demonstrated by the negative staining of basal
markers (Figure 2D–F, black arrows). In the junctional zone,
p63, p40, and CK5/6 showed only sporadic expression
(Figure 2D–F, purple arrows). The Ki-67 index was similar
among the two areas (1%).
Furthermore, these two distinct areas were microdissected and analyzed by a panel covering EGFR, ALK,
ROS1, KRAS, NRAS, PIK3, HER2, and BRAF
(Supplementary Figure 1). The same KRAS mutations
(G12V) in both portions were identified (Figure 3), supporting
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the identical cellular origin of both parts. Therefore, the post
operative diagnosis was revised to BA transforming to IMA.

Discussion
The hallmark feature of BA is the continuous basal cell
layer,1 this unique feature sets pitfalls in the differentiation
between BAs and lung malignancies, especially in the
rapid frozen pathological diagnosis. In proximal-type BA
with prominent mucinous feature, epithelial cells can grow
in lepidic and skipping patterns over alveolar walls, with
abundant mucinous cells and secreted mucin. Because of

Figure 2 Hematoxylin-eosin (HE) and P40 stain of the glandular area with continuous basal layer, an area of 5×3 mm2 was demonstrated (A and B, 40×). The cuboidal and
columnar cells in the luminal layer were TTF-1 positive (red arrows; C, 100×). Loss of continuity of the basal cell layers at the BA to IMA junctional zone: red arrows indicate
the continuous basal cell layer; purple arrows indicate the sporadic staining of basal cell marker in the junctional area; black arrows indicate the absence of basal cell layer
(D–F, 200×).
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Figure 3 Quantitative reverse-transcript polymerase chain reaction (qRT-PCR) revealed the same KRAS mutations (G12V) in both BA (A) and IMA (B).

the histological commonalities, it is difficult to discrimi
nate between the proximal-type BA and IMA without the
assistance of immunohistochemistry (IHC). Recognition of
a continuous basal cell layer is the key to distinguish these
lesions, which can be confirmed by IHC with basal cell
markers (p40, p63, and CK5/6) following morphological
suspicion. Additionally, the presence of ciliated cells
(Figure 1D) would also support the diagnosis of BA in
this case.
According to Chang et al, BAs exhibit a morphologic
spectrum reflecting either proximal or distal bronchiolar
differentiation, with cases showing overlaps.1 Zheng
et al found similar immunophenotypes among classic
and non-classic ciliated muconodular papillary tumor
(CMPT), including tripartite differentiation of the
epithelium.4 In this case, the epithelium is lined predo
minantly by terminal respiratory epithelial cells (TTF-1
expression shown in Figure 2C; diffuse CK7 and focal
Napsin A expression are not shown), along with the
presence of ciliated cells and abundant mucinous cells.
Several markers for mucinous cells are usually positive
in CMPTs, including HNF4α,8 MUC1, and
MUC5AC.5,9,10 HNF4α is highly sensitive for identify
ing neoplastic mucinous epithelial cells.11 However, its
reliability and specificity are questioned because diverse
percentages of expression were reported in different
papers (ranging from 11%12 to 92%11). Besides, Udo
et al found HNF4α positivity in four cases of CMPTs.8
Additional studies are still needed to validate the posi
tivity of diverse immunomarkers in CMPTs.
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Peribronchiolar metaplasia (PBM) is a reactive extension
of bronchiolar-type epithelium along the peribronchiolar
alveolar walls.13 Usually, PBM demonstrates as small (dia
meter < 1mm) and multifocal lesions.14 Histologically, PBM
can resemble atypical adenomatous hyperplasia (AAH) or
CMPT, but immunohistochemically, the proliferating epithe
lia in PBM are usually TTF-1 negative.15 In the current case,
the larger size of the glandular area (5×3 mm2), the positive
TTF-1 staining and the mixed cellularity in the luminal layer
favored the diagnosis of bronchiolar adenoma.
The genomic profile of BA is considered unique and
distinct from lung adenocarcinomas. However, several BA
cases have been reported for harboring mutations of common
driver genes for lung adenocarcinoma, such as KRAS, BRAF,
and EGFR.6–8 A relatively high percentage (50%) of BRAF
mutation was found in BA despite its benign clinical course.6
Hence, BRAF mutation in BA merely represents evidence for
a neoplastic process and is not synonymous with malignancy.
Additionally, it should be noted that the KRAS mutation can
be detected in 80% of IMA.16 Meanwhile, 24% of BA have
been reported to bear KRAS mutation.1 Interestingly, the
missense mutation in the KRAS gene is characteristic of
tobacco-related carcinogenic signature,17 this might explain
why the current case showed malignant transformation.
To conclude, in the current case, the transition of the
basal cells from presence to absence, the discontinuing of
the basal cell layer in the junctional zone, and the same
genetic mutations all suggest a malignant transformation
from BA to IMA. This case also highlights the importance
of complete excision of BA with adequate margins, as it
might be a preinvasive lesion of IMA.
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