L))

Check for
updat

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 a/. (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
(Sth 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

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?

e 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.
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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 1A4,1B) 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 24), 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
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Figure 1 HRCT images showed a 10 mm x 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.

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 34). 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

© Translational Lung Cancer Research. All rights reserved.

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 44). 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

Transl Lung Cancer Res 2023;12(7):1611-1624 | https://dx.doi.org/10.21037/tlcr-23-374



1614

Sun et al. BAs/CMPTs with squamous metaplasia and tumor budding

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.

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

© Translational Lung Cancer Research. All rights reserved.

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 (7able 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
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Figure 3 H&E and THC 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, 200x). (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, 400x). (C) The luminal cells show abundant mucinous (black arrow) and ciliated cells (white
arrow) (H&E, 400x). (D) The nodule showed severe and abnormal proliferation of the squamous epithelium (H&E, 400x). (E) The
continuation and transition of squamous epithelium and ciliated columnar epithelium can be seen in the bronchus (yellow arrow) (H&E,
10x). (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, 400x). (G,H) The basal cells show strong positivity for CK5/6 and
p40 (IHC, 100x). (I) The basal cells are positive for p53 with varying degrees of intensity (IHC, 10x). H&E, hematoxylin and eosin staining;
IHC, immunohistochemistry.
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Figure 4 H&E and IHC staining results. (A) Both bronchial bilayer epithelial cells show positivity for TTF-1 (IHC, 100x). (B) Squamous
epithelium with severe dysplasia and tumor budding showed positivity for p40 (IHC, 100x). (C) Atypia squamous metaplastic epithelium

is irregularly arranged, with enlarged nuclei and increased nuclear plasma ratio (yellow arrow) (H&E, 10x). 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

© Translational Lung Cancer Research. All rights reserved.

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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1617

Translational Lung Cancer Research, Vol 12, No 7 July 2023

(pomupu0d) Y S]qEL

V/N AV Hd @3N ot V/N 8 ainpoN T - 4/v8 (€1) lyonbey

V/N UM d3aN ozt V/N 4} 8INPON N V/N /1L

V/N HM V/N V/N 4 aInpoN T V/N 4/18

YN (o) Ly qoT V/N V/N 4 8inpoN TNY V/N 4/€8
V/N ‘(1=u) dvdg HM @3N . 96 7+ 8 8inpoN T + IN/09 (e)nn

V/N V/N HM @3N 8¥ V/N 8 ainpoN 1™ V/N 4/02

V/N V/N HM aaNg V/N 6 8npoN N7 V/N 4/€L

V/N V/N qoT «E\R4t V/N el 8InpoN T V/N IN/99

V/N V/N HM @3N se V/N ok ainpoN T V/N IN/29
V/N V/N HM @3N 62 V/N i ainpoN M V/N IN/08 (1) uoy

Aoueubijew oN V/N dd d3aN 8z V/N S 3|NPON 114 - 4/29

LdND V/N Hd @3N el V/N Ge 099 T + IN/0L

BUIOUIDIBO0USPY V/N qoT @3N 8¥ V/N St 8npoN I + /2L

AoueuBifew oN V/N Hd @3N ss V/N ok anpoN I - 4/28
wise|dosu onsAd snoutoniy V/N qo @3N 85 V/N €l ainpoN Inyd + IN/99 (01) emexys|
wse|dosu snouloniy - HM V/N 6 o+ 4 8INpoN T - 4/61 (6) ne

(L=u) BWOUIDIED ShouloNW
‘(L=u) uoiss| onse|delow

(1=u) Jowny Jejnpouoonw (1=u) 9o (r=u) 177 (e=u) 4

‘(g=u) uoisa| Jeinpue|6 ‘(1=u) Bag (88-2) [G1-9] G=u)1d  (G=u) ‘(2=u)
[eoidAe ‘(y=u) LdIND V/N ‘(8=u) UM Q3N v Ay V/N OL:AY  8INpoN  ‘(L=u)1NY +  IN/R9PSN  (8) ErewEy
BUIOUIDIBO0USPY - HM @3N 8¥ S o+ i NDD T + IN/89 (2) Buenyo
uoniuBooal puoheg - qoT @3N ez 9 o+ i 8NpoN an7 - 4/92 (9) eveH

AKoueubifew spel6-moT V/N Hd a3N 8t V/N i 099 T V/N 4/65
Aoueubijew speiB-mo] V/N dd aaN ot 8¢ 7+ 601G 099 Ind + IN/L9 (g) ores
V/N V/N Hd @3N v V/N V/N 8INpoN M + IN/29 (v) epeseH
V/N V/N qoT @3N ozl V/N ef 8INpoN Ind + 4/08 (1) emexys|
BUWOUIDJBO0USPE SNOUION|A - dM ‘Bes a3N 82 8 o+ oL-¢ SSINPON 1714 ‘111 + N/SS oseo juesaid
sIsoubeIp Uoj08s UsZ0oi4 Seinies) juswieal] onieiodoisod omieiedosld ot [ebuei 971 sbulpuy uol13ed07 fossiy Xes Joyiny

1e|nosjop (stpow) dn-mojjo4 (ww) ozis ymosB/1n L0 Bupiows /(1) 86y

9sed Juasaxd oy pue sased 1 JIND/VI Partodar Ajsnormaxd Jo saxmedy [earuro 9 Jo Arewrung | J[qey,

Transl Lung Cancer Res 2023;12(7):1611-1624 | https://dx.doi.org/10.21037/tlcr-23-374

© Translational Lung Cancer Research. All rights reserved.



Sun et al. BAs/CMPTs with squamous metaplasia and tumor budding

1618

(poanurzu0) 1 S[qey,

BUIOUIDIBO0USPY - "M aaNog i o+ 8 NOD T - 4/22  (92) eueqyoel
BUIOUIDIBO0USPY - dM V/N a4t ge+ G'80}G  9INpoN I - 4/v9
ewoulosed Aejjided - qo V/N V/N LE anpoN T - IN/8S (e) usus
V/N - HM V/N V/N V/N 9INpoN T V/N 4/99
V/N  SvdM HM V/N V/N Gl NODD ‘NODD  T1d 1711 V/N 4/85 (ve) oeus
V/N V/N dM dans V/N el 8npoN I - IN/69 (€2) oamiIN
AoueuBifew oN V/N Bos da3N ot € o+ 4" anpoN an7 V/N 4/29 (c2) oeA
V/N  dvddg V/N @3N ve V/N 8l V/N T V/N 4/95
V/N  dvdg V/N @3N 09 V/N 8 V/N M V/N /79
V/N  dvdg V/N a3aN z.z V/N 4" V/N I V/N 4/€
V/N - V/N aanzt V/N 6 V/N an7 V/N 472
V/N - V/N daNo9 V/N 6 V/N T V/N /1L (12) ewiysey
V/N - Hd daN v V/N 8l 8INpoN TNY + 4/29 (02) refAin
(1=u) SHVH (1=u) vg e+
(9=u) eWoOUOIRO0UBPE ‘(1=U) ‘(G=U) H4D3 (1=U) g L+ (01=u)
ewouspe pue|f snoonw ‘(G=u) SydM (¢1=u) (801-1) [Li-el (Qi=u) 4(L1=u)
‘(1=U) VIAI ‘(1=U) 1dND ‘(9=Uu) dvdd "M @3N koA (p=U) v o+ 9 oAy anpoN V/N + /2L PN (¢) bueyp
V/N H493 SvuM Hd @3N 9¢ V/N 9 V/N V/N - IN/99
V/N - Hd @3N L1 V/N S V/N V/N + /L2
V/N 4493 Hd @3N IS V/N 4 V/N V/N + 4/69
V/N  dvdg qoT @3N te V/N LE V/N V/N - 4/85 (61) ex0EIEY
V/N  dvdg HM a3aN 9g 9 o+ 6 NOD 717 + /gL (81) wiy
(1=U) 1MLV
(l=u) Svdy  (g=u) o1 (28] (r=u)
V/N ‘(1=u) dvdg  ‘(1=u) Beg V/N V/N LL oAy V/N V/N - 4//9:peN (21)opn
EWoUlO/EO0USPE SNOUPNA V/N "M @3N ve 6 v+ 0L0}9  8INpoN T - 4/9.  (91) BMonsep
ewouloJedouspe snouloniy V/N Bos a3aN s V/N LL 3|NpoN n7 V/N IN/9S (S1) nuo
uoise| Jejnpuelb [eoidAly MV qoT daN 9 V/N V/N 8INpoN T - 4/65 L up
sisoubelp uolo8es Uszol Se.nes) uswieal| oreiedorsod onjeladosid  WmoI9 [sbued ozis sbutpuy uoneooT faosiy xos Joyiny
Je|nosjoN (syrow) dn-mojjo4 (ww) az1s Ymoub/ 1o 10 Bupows /(1) by

(panurzu0) 1 S[qe],

Transl Lung Cancer Res 2023;12(7):1611-1624 | https://dx.doi.org/10.21037/tlcr-23-374

© Translational Lung Cancer Research. All rights reserved.



1619

Translational Lung Cancer Research, Vol 12, No 7 July 2023

‘Adeisyy uoneipel Apoq 2110B108J91S ‘| HES ‘BWOoUIDIEd0UsSpE Shou
-10NW SAISBAUL ‘Y| ‘9SBaSIP JO 90UdPIAS OU ‘gN ‘uonoasal [eiped ‘Yd ‘uonoasal abpam ‘Y ‘Awolosuswbas ‘Bag {Awo1oagol ‘qoT ‘oqol Jamo| ybu 11y ‘eqo| a|ppiw
6L “TAY ‘egol Jeddn ybu “INY ‘8qo| Jemol ¥a| ‘117 eqoj Jaddn ua| 1N einpou sselb punolb ‘NHY ‘Aloedo sse|b-punoib ‘QHH ‘uelpaw ‘pal ‘ebelane ‘any Lesah UA
‘a|ge|ieAe Jou /N ‘}nsaJ aAnebau ‘— ynsal aAllsod ‘+ fejew ‘| ‘efewsy H ‘Aydesbowol paindwod ‘|9 Lowny Asejjided Jejnpouoonw pajel|io/ewouspe [eiyouoid ‘1 dIND/VE

BUIOUIOIED0USPE SNOUIONA| V/N qo V/N zel G+ 0L01G  ®InpoN 114 V/N IN/6E (1) uoopy
(oy)
- V/N 144s aanzk 4! e+ 2L016  9INPON 1 V/N 4/29 aboiBuocosey

V/N  gd3IH HM aanzk V/N 8 8|NPON Ny V/N 4/85
V/N - HM @3N kk V/N 9 NDD T1d V/N 4/€9 (62) na
V/N - HM V/N V/N 4! 8|NPON 114 V/N 4/v9 (g¢) Buepm
BuwIouID/eo0UdpY Y493 UM a3anN vz V/N 0¢ 8|NPON Ny - N/6. (2€) Buepm

243H
BWOUSBPY  LINDD L+ 80}/ NDD m
¥/N  13NOD HM V/N 4! o+ 9 NDD n1 V/N 4/9¢ (9g) N
ssew
- V/N - V/N V/N V/N p1jos oN 114 + IN/ES (g¢) oeyz
V/N V/N qo V/N V/N V/N 8|NPON 114 + 4/89 (v€) suered
V/N - qoT] V/N V/N A 0DHv T1d + IN/19 (e€) usyd
YNl SvdM qo1 V/N V/N Sl 8|NPON N + IN/OL (ce) veH
(1e)
V/N V/N HM aanN oz 44 9+ 0L O} NOD 11 - IN/09 ewiysnsiey
vd 4493 Beg 43N 6 8 o+ 801G 099 N1 - 4/0¢ (0g) Buep
1dND - Bes aaN v+ V/N i 8|NpPON 114 + N/9. (62) °eav
dvdd

Jowny snoutonw uBlusg MY Bos a3anN .+ it T+ 8019 NOD 711 V/N 4/18 (82) N
- V/N - V/N V/N S9 S9INPON 1711 IN1 - 4/89 (22) ung

seinyes; anjelsadolsod annelsedoald  ymwoln) [sbuel] azig sBuipuy faoisiy XOS
sIsouBelp Uol}08s Uszol4 Juswiyeal] T uoneooT ) Joyiny

JeNosjoN (syrow) dn-mojjo- (ww) az1s yimoib/1D 10 Bupows  /(14) sby

(ponuriu0) 1 S[qe],

Transl Lung Cancer Res 2023;12(7):1611-1624 | https://dx.doi.org/10.21037/tlcr-23-374

© Translational Lung Cancer Research. All rights reserved.



1620

small number of preoperative imaging follow-up cases, the
growth characteristics and imaging changes of BA/CMPT
need to be explored.

Pathologically, a continuous basal cell layer,
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 er 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
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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 4. (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 er 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-4a, which is similar to
mucinous adenocarcinoma. Chen ez a/. (33) reported a
case of mucinous adenocarcinoma caused by cancerization
of the CMPT with discontinuous or absent basal
cells in some areas. Han er a/. (32) reported a case of

Transl Lung Cancer Res 2023;12(7):1611-1624 | https://dx.doi.org/10.21037/tlcr-23-374



Translational Lung Cancer Research, Vol 12, No 7 July 2023

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
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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?

(I) 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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