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Case Report

Multiple bronchiolar adenomas/ciliated muconodular papillary 
tumors of the bilateral lung with tumor budding and potential 
malignant transformation into squamous cell carcinoma: a case 
report and literature review 
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Background: Bronchiolar adenoma (BA)/ciliated muconodular papillary tumor (CMPT) is a rare lung 
tumor characterized by ciliated, mucous and basal cells. Recently, some cases of driver mutations or 
malignant transformations have been reported. However, the nature of BA/CMPT remains controversial. 
Here, we report a case of bilateral pulmonary multiple BAs with tumor budding and squamous metaplasia.
Case Description: A 55-year-old man presented with multiple small nodules in the lower lobes of the 
bilateral lungs on physical examination 7 years prior. During the past 3 years of regular follow-up, some 
nodules had slightly enlarged. Because the nodules were mostly solid, the patient underwent video-assisted 
thoracoscopic segmentectomy of the left lower lung. A postoperative pathological diagnosis of BA was made. 
In all lesions, the fusion and mutation of major driver genes were not detected by next-generation sequencing 
(NGS). No recurrence or metastasis was observed after 37 months of follow-up. Notably, all five resected 
lesions were BA/CMPT, and one lesion was accompanied by squamous metaplasia and tumor budding.
Conclusions: Our report found that BA/CMPT with squamous metaplasia and tumor budding has 
the potential to transform into lung squamous cell carcinoma, expanding its connection with malignant 
transformation. Smoking may be one of the risk factors. We also found that BA/CMPT can be multiple 
lesions rather than a solitary lesion.
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Introduction

The ciliated muconodular papillary tumor (CMPT) is a 
rare peripheral lung tumor first reported and named by 
Ishikawa in 2002 (1). In 2018, Chang et al. (2) expanded 
its description and proposed diagnostic terminology 
for bronchial adenoma (BA). This tumor has now been 
added to the latest WHO classification of thoracic tumors 
(5th edition) (3). Its histological characteristic is bilayer 
bronchiolar-type proliferation with a continuous layer of 
basal cells. With the continuous supplementation of case 
reports, the biological characteristics of this tumor are 
gradually being recognized. In the published literature, 
BA/CMPT mostly grows in isolation. In addition, the 
potential of BA/CMPT for malignant transformation has 
been controversial. Herein, we report an extremely rare 
case of BA characterized by multiple bilateral lung lesions 
with potential malignant transformation to squamous cell 
carcinoma to raise awareness of the disease and review the 
relevant literature. We present this article in accordance 
with the CARE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-23-374/rc).

Case presentation

A 55-year-old Chinese man with a 30-year smoking history 
was admitted to the Ningbo No. 2 Hospital because of 

multiple small nodules in the lower lobes of both lungs 
detected during a physical examination seven years prior. 
Regular reexamination over the past three years showed 
no significant changes in the nodules. Two weeks before 
surgery, high-resolution chest computed tomography 
(HRCT) showed that the largest nodule (Figure 1A,1B) was 
located in the outer basal segment of the lower lobe of the 
left lung, approximately 10 mm in diameter, with irregular 
borders and small ridges on the edge, accompanied by 
a vacuole sign. There were multiple small nodules in 
the lower lobes of both lungs, approximately 3–7 mm in 
diameter with clear boundaries, most of which had solid 
components (Figure 1C-1E and Figure 2); some had ground-
glass components (Figure 2A), and some had small cavities 
(Figure 2C). On admission, the patient had no symptoms, 
such as cough, expectoration, difficulty breathing or other 
uncomfortable symptoms. There was no family history 
of cancer. The physical examination revealed no obvious 
abnormalities. Serum levels of infection, inflammatory 
and tumor markers were all within the normal range, and 
only carbohydrate antigen 72-4 (CA 72-4) was measured 
at 16.37 U/mL (the reference value is less than 10.0 U/mL). 
No uptake of fluorodeoxyglucose (FDG) was observed 
on positron emission tomography computed tomography 
(PET-CT), and magnetic resonance imaging (MRI) of the 
head with contrast enhancement was unremarkable.

Lung cancer was highly suspected based on imaging 
findings. After completing the relevant examinations, the 
patient underwent video-assisted thoracoscopic S9+10 
segmentectomy and S6 wedge resection of the left lung. 
On macrography, four lesions were located in S9+10, and 
the largest nodule was approximately 10 mm in diameter, 
medium in texture, and fish-like on the cut surface; one 
lesion was located in S6 with a diameter of approximately 
6 mm, soft texture, and gray-white cut surface. Frozen 
pathology showed papillary hyperplasia of the bronchial 
epithelium of S9+10 lesions, three of which were rich in 
mucous cells, similar to a single-layered cell structure with 
atypical manifestations (Figure 3), and another lesion was 
bronchial epithelial hyperplasia with a double-layered 
cell structure. The S6 lesion showed bronchial epithelial 
hyperplasia with a double-layered cellular structure, visible 
mucous cells, and atypical focal epithelial cells. The initial 
diagnosis was mucinous adenocarcinoma; therefore, we 
proceeded to perform systematic lymph node dissection. 
The patient recovered well 3 days after surgery and was 
discharged.

Hematoxylin and eosin staining of the paraffin 

Highlight box

Key findings
•	 Our case is the first to show that BA/CMPT can be more than 3 

lesions and may involve multiple lesions in both lungs. The atypia 
of squamous metaplasia and tumor budding strongly supports the 
ability of malignant transformation.

What is known and what is new?
•	 The vast majority of BA/CMPT cases are solitary and inert. 

Related gene mutations such as EGFR, KRAS, and BRAF have been 
detected, and typical pathological features have been reported.

•	 We add that BA/CPMT can involve multiple (>3) lesions and 
have the possibility of more lesions in both lungs; our finding 
of tumor budding also strongly supports its ability of malignant 
transformation.

What is the implication, and what should change now?
•	 We believe that  BA/CMPT has potential  of  malignant 

transformation. The accuracy of the intraoperative pathological 
report is key to determining the surgical method, and we need 
pathologists to strengthen their understanding of it.

https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-374/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-374/rc
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sections showed that the mucinous cells in S9+10 were 
hyperplastic, ciliated structures were found in some areas, 
and the bronchial epithelium showed a double layer of 
cells (Figure 3A). The epithelium in the lesion area of 
S6 showed adenoid hyperplasia with a double-layer cell 
structure (Figure 3B), in which the luminal cells comprised 
mucinous cells and ciliated cells (Figure 3C). The basal 
cells were arranged in a bead-like manner; squamous 
metaplasia occurred in some areas of the basal cells; and 
irregular arrangement of the squamous epithelium in the 
focal area was observed, with increased nuclei, an irregular 
nuclear membrane and an increased nucleo-cytoplasmic 
ratio (Figure 3D). Continuation and transition between 

squamous metaplasia and ciliated columnar epithelium 
(Figure 3E). Immunohistochemical analysis showed that 
basal cells were positive for p40 (Figure 3G) and CK5/6 
(Figure 3H), but basal cells were positive for p53 with 
varying degrees of intensity (Figure 3I). Cavity face cells 
were positive for TTF-1 (Figure 4A). In addition, tumor 
budding was observed in S6 (Figure 3F), which expressed 
p40 (Figure 4B) and CK5/6. Atypia appeared in normal 
squamous metaplastic cells (Figure 4C). The final diagnosis 
was proximal-type bronchiolar adenoma with basal cell 
squamous metaplasia, severe epithelial atypical hyperplasia 
and tumor budding. No tumor tissue metastases were 
found in the lymph nodes of either group. Next-generation 

A B

C D E

Figure 1 HRCT images showed a 10 mm × 7 mm irregular nodule (arrow) in the S9 segment of the left lower lobe with small ridges and 
vacuoles at the edge (A: coronal plane, B: transverse plane). There were three subpleural solid nodules (C-E, arrows) in the remaining lung 
segments approximately 5–7 mm in diameter. HRCT, high-resolution chest computed tomography.
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sequencing (NGS) of all tumor tissues (including ALK, 
ROS-1, RET, EGFR-18/19/20/21, K-RAS-2, N-RAS-3, 
BRAF-15, PIK3CA-9/20 and HER2/neu-20) revealed no 
gene fusion or mutation in the target regions or mutation 
hotspots of all genes. The patient underwent chest CT scans 
every six months. Up to 37 months of follow-up, there was 
no recurrence or metastasis, and there were no significant 
changes in the multiple nodules in the right lower lung.

Ethical statement

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Declaration of 
Helsinki (as revised in 2013). Written informed consent was 

obtained from the patient for publication of this case report 
and accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Discussion

The onset of BA/CMPT is insidious, and patients usually 
have no obvious clinical symptoms that are mainly detected 
during physical examination or the diagnosis and treatment 
of other diseases. We summarized some clinical features of 
BA/CMPT by comparing our case with 94 patients from 
the 40 included studies (Table 1).

There were 44 males (46.3%) and 51 females (53.7%). 
Excluding unknown information, the median age was  
68 years (range, 19–84 years). Almost all patients were over  

A B

C D

Figure 2 HRCT images showed multiple small nodules (arrows) around the right lower lung approximately 4–6 mm in diameter, with 
ground-glass opacity (A), solid (B), with small cavities (C), adjacent to the pleura (D). HRCT, high-resolution chest computed tomography.
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A B C

D E F

G H I

Figure 3 H&E and IHC staining results. Frozen section of the S9+10 nodule in the left lower lung. (A) The bronchial epithelium was 
papillary hyperplasia with abundant mucinous cells and a monolayer-like structure (yellow arrow). Frozen section of S6 nodule in left lower 
lung lobe (H&E, 200×). (B) Bronchial epithelium consists of a dual-layer cells (basal cells and luminal cells), basal cells in a continuous 
beaded arrangement (yellow arrow) (H&E, 400×). (C) The luminal cells show abundant mucinous (black arrow) and ciliated cells (white 
arrow) (H&E, 400×). (D) The nodule showed severe and abnormal proliferation of the squamous epithelium (H&E, 400×). (E) The 
continuation and transition of squamous epithelium and ciliated columnar epithelium can be seen in the bronchus (yellow arrow) (H&E, 
10×). (F) Tumor budding was found at the edge of the nodule, showing cells arranged in a bud-like manner, projecting into the alveolar 
stroma, with enlarged nuclei and irregular nuclear membranes (H&E, 400×). (G,H) The basal cells show strong positivity for CK5/6 and 
p40 (IHC, 100×). (I) The basal cells are positive for p53 with varying degrees of intensity (IHC, 10×). H&E, hematoxylin and eosin staining; 
IHC, immunohistochemistry.
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A B

C

Figure 4 H&E and IHC staining results. (A) Both bronchial bilayer epithelial cells show positivity for TTF-1 (IHC, 100×). (B) Squamous 
epithelium with severe dysplasia and tumor budding showed positivity for p40 (IHC, 100×). (C) Atypia squamous metaplastic epithelium 
is irregularly arranged, with enlarged nuclei and increased nuclear plasma ratio (yellow arrow) (H&E, 10×). TTF-1, thyroid transcription 
factor-1; H&E, hematoxylin and eosin staining; IHC, immunohistochemistry.

50 years old, and only three were younger than 40 years 
old, the youngest of whom was 19 years old (9). Thirty-nine 
patients had a history of smoking, and the correlation between 
BA/CMPT and smoking has not been confirmed (24).

Computed tomography (CT) showed that almost all 
lesions were of the peripheral type, mainly presenting as 
irregular nodules, which could be solid, partly solid or 
ground-glass shadows. Some lesions were accompanied by 
lobulation, central cavity or pleural depression. There is also 
a rare case of bilateral lung interstitial inflammation without 
a solid mass (35). Tumors ranged in diameter from 4 to 
65 mm, with most measuring <15 mm. The vast majority 
are solitary growths, and a few can involve multiple lung 
segments (24,27,36). CT imaging does not usually provide 
much help in diagnosis and can easily be mistaken for a 
malignant tumor based on imaging findings alone. Twenty-
three patients were followed up by preoperative imaging 

for 3–144 months, and half of them showed tumor growth, 
with growth rates ranging from 0.29 to 5.33 mm/y and a 
median growth rate of 1.61 mm/y. In addition to changes in 
tumor size, there were cases of new ground-glass opacities 
(GGOs) (5,30), central cavities (5,31,41) or ground-glass 
nodules transformed into solid nodules (31).

In our case, some nodules in the right lung showed 
radiographic features consistent with BAs in the left 
lung, such as irregular borders, small cavities and solid 
components, especially the nodule in Figure 2C. Combined 
with the tumor growth characteristics, we suspect that 
multiple nodules in the right lung are also BAs, which may 
be the first case of multiple BAs in both lungs. Considering 
the indolent growth of the tumor, we did not perform 
surgical resection of the multiple nodules in the right 
lower lung. We will continue to monitor changes in the 
right lung nodules and verify this speculation. Due to the 
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small number of preoperative imaging follow-up cases, the 
growth characteristics and imaging changes of BA/CMPT 
need to be explored.

Patho log ica l ly,  a  cont inuous  basa l  ce l l  l ayer, 
mucinous cells and ciliary layer are critical for diagnosis. 
Immunohistochemical staining of p40 or p63 can highlight 
the presence of continuous layers of basal cells (42). In 
the literature reports we collected, 43 intraoperative 
pathological results were described, among which eight 
cases were diagnosed as BA/CMPT, a total of 15 cases 
including our patient were diagnosed with adenocarcinoma, 
nine cases were diagnosed with other malignant lesions, 
ten cases were diagnosed with benign lesions, and 1 case 
could not be identified. In addition, three cases (27,35,40) 
were diagnosed by needle biopsy without surgery 
because of the large lesion range or serious underlying 
diseases. BA/CMPT can exhibit cancer-like pathological 
features, which makes the diagnosis of BA/CMPT in 
intraoperative pathology challenging (15), mainly because 
some morphological characteristics of BA are difficult to 
identify in frozen sections. On the one hand, owing to the 
influence of freezing, some subtle structures of cells (such 
as cilia) are difficult to show in slices, and it should be 
noted that some nonclassic/distal types do not have typical 
cilia. On the other hand, sometimes the basal cells are 
pressed, or a certain section does not cut to the basal cells, 
which leads to the misdiagnosis of only a monolayer cell 
structure under the microscope. The classic/proximal type 
has significant mucinous characteristics and often needs to 
be distinguished from invasive mucinous adenocarcinoma 
(IMA) (2). One study found differences in mucin expression 
patterns between BA and IMA by elucidating the mucin 
core expression profile (43). HNF4a also is a useful marker 
for differentiation between BA and IMA; this marker is 
negative for BA but positive for IMA (44). In addition, 
mixed squamous cell and glandular papilloma is a rare 
benign tumor with similar morphology and cell composition 
to BA/CMPT, which can be distinguished by the anatomical 
site of the lesion (42), or the presence or absence of AKT1 
mutations (45). Recently, Teng et al. (46) reported 5 cases 
of BA with squamous metaplasia. Interestingly, none of the 
cases had mucinous cells, and sheet-like spindle-oval cells 
with squamous metaplasia was more easily misdiagnosed as 
pulmonary sclerosing pulmonary (PSP), the expression level 
of TTF-1 is the key to distinguish between them.

The S6 nodules in our case showed obvious basal layer 
hyperplasia, while some basal cells underwent squamous 
metaplasia, accompanied by severe squamous epithelial 

hyperplasia and tumor budding. Tumor budding is a 
relatively newly recognized pathological pattern of tumor 
invasion defined as discrete clusters of tumor cells at the front 
of tumor invasion, and each cluster consists of 1–4 tumor 
cells (47), which is highly correlated with tumor invasiveness. 
Some studies have shown that it is an important prognostic 
factor for patients with solid tumors such as breast cancer (48), 
pancreatic cancer (49) and rectal cancer (50). In addition, 
tumor budding has also been identified as an unfavorable 
prognostic indicator for lung squamous cell carcinoma (51) 
and lung adenocarcinoma (52); however, an effective grading 
system has not been established for the clinical diagnosis 
of lung cancer. P53 immunohistochemistry is helpful in 
the diagnosis of squamous cell carcinoma, but our results 
did’t provide strong evidence. Due to the low malignant 
degree of the tumor, we strengthened follow-up as the 
main measure after surgery. Smoking appears to be a major 
risk factor for malignant transformation; thus, we believe 
that clinicians should focus on this group of patients with a 
history of smoking.

In terms of genetics, some common driver gene 
mutations in lung cancer, such as EGFR, KRAS, BRAF, 
ALK and AKT1 mutations, have been found in CMPT/BA, 
among which BRAF V600E is the most common. These 
genetic alterations suggest that CMPT is a neoplastic 
disease rather than a reactive or metaplastic lesion (8); 
however, its association with malignancy remains unclear (2). 
We examined multiple common loci but found no fusion or 
mutation in all lesions.

To date, no consensus has been reached on the benign 
and malignant characteristics of CMPT/BA, but an 
increasing number of cases of malignant transformation have 
been reported in recent years to reveal its characteristics. 
Miyai et al. (20) reported a case of CMPT with malignant 
transformation of basal tumor cells. Li et al. (36) reported 
a case of multiple BAs with adenocarcinoma cancerization 
in a local area. Zhao et al. (35) reported a case of a CMPT 
accompanied by adenocarcinoma in situ. Other researchers 
believe that CMPT is a precancerous lesion of mucinous 
adenocarcinoma. Lau et al. (9) proposed that CMPT 
is a precursor of mucinous adenocarcinoma based on 
the multistage pathogenesis of lung adenocarcinoma. 
Udo et al. (17) found two cases of CMPT with diffuse 
and strong staining for HNF-4α, which is similar to 
mucinous adenocarcinoma. Chen et al. (33) reported a 
case of mucinous adenocarcinoma caused by cancerization 
of the CMPT with discontinuous or absent basal 
cells in some areas. Han et al. (32) reported a case of 
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malignant transformation from BA to invasive mucinous 
adenocarcinoma (IMA), both with the same KRAS mutation 
and the discontinuation of the basal cell layer in the 
junctional zone. Our case reports the potential capacity of 
BA/CMPT to malignant transformation into lung squamous 
cell carcinoma, which advances the understanding of the 
nature of BA/CMPT. Due to the limited reports on BA/
CMPT, the potential relationship between BA/CMPT and 
malignant transformation requires further investigation.

Given the low malignancy of BA/CMPT, which mostly 
occurs in the peripheral lung, wedge resection is generally 
considered sufficient, while excessive resection and 
systematic lymph node sampling are not necessary. The 
number and location of the nodules also affect the choice 
of surgical procedure, which is why we performed S9+10 
segmentectomy. When BA/CMPT cannot be definitively 
diagnosed using frozen pathology, standard surgery for 
lung cancer is still required (6,8,10). For patients who 
cannot tolerate surgery, stereotactic body radiation therapy 
(SBRT) (40) has been reported to be chosen for treatment. 
However, as the study has shown, this treatment strategy 
cannot exclude the possibility of coexisting mucinous 
adenocarcinoma through core needle biopsy alone. 
Regardless of the surgical method, there has been no 
recurrence or metastasis after treatment (4–120 months) 
in any of the cases reported thus far. There is currently no 
recommended duration of follow-up, but 5 years appears 
to be safe enough for patients with complete resection. 
Furthermore, for cases of bilateral multiple nodules in 
which one side has been clearly diagnosed as BAs, clinicians 
should be aware of the possibility of multiple BAs in both 
lungs and choose an appropriate treatment method.

Conclusions

In conclusion, we report a rare case of multiple BAs/
CMPTs with tumor budding and presumably the first case 
of multiple BAs/CMPTs in both lungs. Simultaneously, 
BA/CMPT was found to undergo potential malignant 
transformation into squamous cell carcinoma. Smoking 
appears to be the main risk factor, and further studies are 
needed to clarify the association between the two.

Questions to be further discussed and considered

(I)	 Mutations have been found in many cases of BA/
CMPT. The discovery of a new mutation site seems 
to be a significant discovery. However, given the risk 

of the disease itself and the fact that testing the gene 
has not been helpful in treatment, is additional genetic 
testing generally necessary for BA/CMPT?

(II)	 For our case, can multiple nodules in the right 
lung be considered BAs/CMPTs, and what is the 
recommended follow-up interval?

(III)	 What are the current treatment options for BA/
CMPT, and which is the most recommended?
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