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Abstract. Invasive mucinous adenocarcinoma (IMA), formerly 
referred to as mucinous bronchioloalveolar carcinoma, is a rare 
variant form of invasive adenocarcinoma and is radiologically 
characterized by dense pneumonic consolidation, ground-glass 
opacity and nodules. By contrast, large, thin-walled cysts are 
rare. We herein report the case of a 75-year-old man with IMA 
presenting as a large, irregularly shaped cystic lesion. The 
histological diagnosis was based on specimens obtained during 
a bronchoscopy. The patient underwent lobectomy followed 
by anticancer chemotherapy for residual intrapulmonary 
metastases. Of note, the small metastatic nodules transformed 
into cystic lesions with thin walls and fused, forming a large, 
multiloculated cystic lesion. Typical pneumonic consolidation 
appeared in the pericystic parenchyma later during the clinical 
course. The available literature on this rare radiological 
manifestation was also reviewed and discussed. Clinicians 
should be aware of thin-walled cystic lesions as they may be 
an unusual radiological finding in IMA.

Introduction

Invasive mucinous adenocarcinoma (IMA), formerly referred 
to as mucinous bronchioloalveolar carcinoma, is distinct from 
non-mucinous adenocarcinoma and has been re-classified 
as a variant of invasive adenocarcinoma in the International 

Association for the Study of Lung Cancer/American Thoracic 
Society/European Respiratory Society lung adenocarcinoma 
classification system, due to its distinct clinical, radiological 
and pathological characteristics, as well as its distinct genetic 
background (frequent KRAS mutations) (1). The typical 
computed tomography (CT) findings in IMA include pneu-
monic consolidation, ground-glass opacity and nodules; by 
contrast, cystic lesions are rare. We herein describe a rare case 
of IMA presenting as a large cystic lesion.

Case report

A 75-year-old man was admitted to the Hino Municipal 
Hospital due to a productive cough and mucous sputum 
lasting for 6 months. The patient had no previous illness or 
history of cigarette smoking. A chest radiograph obtained 
on admission revealed infiltration in the lower lobe of the 
right lung. A chest CT scan revealed an irregularly shaped 
cystic lesion comprising thin walls in the lower lobe of 
the right lung (9 cm in maximum diameter) and a mixed, 
dense and ground-glass opacity occupying a portion of the 
pericystic parenchyma (Fig. 1A, C and E). The tissue speci-
mens obtained during bronchoscopy revealed non‑specific 
inflammatory findings, without any neoplasm or vasculitis. 
The tissue culture was positive for Streptococcus anginosus. 
As treatment with antibiotics was ineffective, the CT scan 
was repeated one and a half months later, showing a rapid 
increase in the size of the cyst and progression of the paren-
chymal opacity in the lower lobe of the patient's right lung 
(Fig. 1B, D and F). In addition, centriacinar small nodules, 
some of which were cystic, appeared in the right middle and 
left upper lobes. The second-chance bronchoscopy revealed 
an atypical epithelium with abundant cytoplasmic mucin in 
the lung specimen obtained from the right lower lobe. The 
patient was diagnosed with clinical stage IV (T4N0M1a) 
IMA of the lung and was transferred to the Tachikawa 
Hospital to undergo right lower lobectomy prior to anticancer 
chemotherapy, due to major concerns of complications, such 
as infection, hemorrhage, or rupture of the large cyst. The 
macroscopic findings of the resected right lower lobe included 
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a sizeable cystic lesion (9x6x2 cm) and a white-colored solid 
nodule adjacent to the cyst (Fig. 2A). Microscopically, the 
large cystic space, situated just beneath the fibrous thick-
ened visceral pleura, was lined by non-neoplastic bronchial 
epithelial cells on the pleural side, and it directly faced the 
pulmonary parenchyma with carcinoma invasion on the other 
side. In the pericystic parenchyma, atypical columnar epithe-
lium with intracytoplasmic mucin proliferated chiefly in a 
lepidic growth pattern, occasionally invading the interstitium 
(Fig. 2B). In addition, emphysema-like airspace enlargement 
was observed at the opening portion of the bronchiole, with 
mucinous material filling the conductive airways in a portion 
of the carcinoma-invading areas (Fig. 2C). Tissue necrosis 
was not evident in the pericystic area or inside the cyst.

Following thoracic surgery, the patient was readmitted to 
Hino Municipal Hospital for further treatment. The timeline 
of the anticancer chemotherapy and the CT scans are shown 
in Fig. 3. As the cancer lesion contained little solid material 
at an earlier time point, the response to each chemotherapy 
regimen could not be determined. The chemotherapy regimen, 
comprising carboplatin and pemetrexed, was initiated 1 month 
after the surgery, and bevacizumab was added from the third 
cycle onwards. Following completion of 4 cycles of this 
regimen, the overall cyst size was not affected, but the cyst 
wall was found to be thinner at 3 months (Fig. 3). Continuous 
maintenance therapy with pemetrexed and bevacizumab was 
conducted until disease progression, which occurred after  
7 cycles of the regimen, with enlargement of the pre-existing 
cystic lesions and the appearance of new lesions after 9 months 
(Fig. 3). The right-sided pleural effusion also increased 
(not shown), and the presence of adenocarcinoma cells was 
cytologically confirmed. Second- and third-line chemo-
therapy were sequentially administered using docetaxel and 
gemcitabine for 3 and 6 cycles, respectively. Chemotherapy 
with gemcitabine achieved stable disease for 3 months, but 
the cyst gradually increased in size and, interestingly, paren-
chymal opacity appeared in the area surrounding the cyst at 
17 months (Fig. 3). Thereafter, the opacity expanded rapidly 
over 19 months, despite continued administration of vinorel-
bine (Fig. 3). The radiological changes observed on CT scans 
between 17 and 19 months resembled what had been initially 
observed 2 months prior to diagnosis (Fig. 1), suggesting that 
the primary lesion developed through a similar formative 
process. The anticancer chemotherapy ceased at 19 months. 
The lung infiltration had significantly worsened at 22 months 
(Fig. 3) and the patient succumbed to respiratory failure 
2 months later.

Discussion

IMA is a rare variant of invasive adenocarcinoma, accounting 
for 2.2-3.9% of resected adenocarcinoma cases (2-4). A picto-
rial review of IMA elucidated the typical CT findings, such 
as consolidation, ground-glass opacity and nodules (5-8). 
The bubble-like lucency of pseudocavitation formation in 
the consolidation or nodule was also a major finding, which 
was observed in 40-78% of IMA cases (5-8). By contrast, a 
thin-walled cystic lesion, particularly a large cyst, is rare. In the 
present case, the initial CT findings demonstrated a mixture of 
two major components: An irregular-shaped large cystic lesion 

with thin walls, and a parenchymal opacity next to the cyst. 
It was unclear at diagnosis whether the cyst had developed 
primarily or formed secondarily in the pre-existing consolida-
tion; however, the longitudinal CT observations throughout the 
entire course of the disease strongly suggested that the cystic 
lesion was the primary lesion.

A thin-walled cyst in the lungs is generally associated with 
benign disease, and it may delay the diagnosis of cancer (9,10). 
Guo et al reported 15 cases of lung cancer presenting as a 
thin-walled cyst and reviewed the literature describing similar 
cases over the last two decades (11); they found adenocar-
cinoma to be the most common histological type (11 of 15 
original cases and 11 of 19 reviewed cases) in a study including 
two cases of IMA (12). Prichard et al reported two original 
cases of IMA with a thin-walled cavity and found that none 
of the 10 previously reported cases of cystic lung cancer was 
histologically diagnosed as IMA in a review of the literature 
between 1947 and 1979 (12). Taken together, these studies 
suggest that cystic lesions are a rare radiological finding as a 
primary lesion in IMA.

We comprehensively reviewed the literature from another 
angle to identify the cases of IMA presenting as a large-size 
cyst or cavity (>5 cm in maximum diameter). A search 
was conducted through PubMed and the Ichu-shi website 
(Japanese database) and a total of 5 cases were identified, 
which are summarized in Table I. The ages of the patients 
ranged between 28 and 82 years, and the genders were equally 
distributed. All the subjects except 1 were never-smokers. The 

Figure 1. A chest computed tomography scan on admission 
(A, C and E) revealed an irregularly shaped cystic lesion with thin walls in 
the lower lobe of the right lung, and a mixed dense and ground-glass opacity 
was observed in a portion of the pericystic parenchyma. (B, D and F) One 
and a half months later, the cyst had enlarged and the surrounding opacity 
had expanded.
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Figure 2. Macroscopic and microscopic findings of the resected lower lobe of the right lung. (A) On gross examination, a sizeable cystic lesion and a 
white-colored solid area adjacent to the cyst were observed. (B) Atypical mucinous columnar epithelium proliferating in a lepidic pattern in the pericystic area 
(original magnification, x100). (C) Emphysema‑like airspace enlargement was observed at the opening portion of the bronchiole. The conductive bronchiole 
was filled with mucinous material (original magnification, x40).

Figure 3. Clinical course and computed tomography findings after surgery. Chest computed tomography scans revealed the transbronchial metastases origi-
nally observed as small nodules enlarged and fused to form a multiloculated cyst without parenchymal opacity between 0 and 17 months. An enlarged cyst 
was ultimately accompanied by surrounding consolidation from 19 months onwards. CBDCA, carboplatin; PEM, pemetrexed; BEV, bevacizumab; DTX, 
docetaxel; GEM, gemcitabine; VNR, vinorelbine.

Table I. Invasive mucinous adenocarcinoma presenting as large cysts or cavities.

Age,  Smoking Cavity size, Radiological
years Gender status cm (location) description Treatment Mechanism Refs.
 
41 F Never 6 (LLL) Solitary thin-walled cyst Pneumonectomy ND (12)
    Adjacent ill‑defined mass (recurrence →BSC) 
28 M Current 11 (RLL) Solitary thin-walled cavity Lobectomy ND (13)
82 M Never 10 (RLL) Mass lesion with thick-walled cavity Lobectomy Check-bulb (14)
    Thin-walled cystic cavity (metastases) (recurrence →BSC) Necrosis 
68 F Never 7 (RLL) Cavity surrounded by an Lobectomy Neutrophilic (15)
    irregular wall  infiltrate
51 F Never 6.5 (RLL) Solitary thin-walled cavity Lobectomy Check-bulb (16)
75 M Never 9 (RLL) Solitary thin-walled large Lobectomy Check-bulb Present
    cyst with opacity   case
    Thin-walled multiloculated Chemotherapy
    cyst (metastases)
 
M, male; F, female; LLL, left lower lobe; RLL, right lower lobe; BSC, best supportive care; ND, not determined.
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primary lesions had cysts or cavities of 6-11 cm in maximum 
diameter and were predominantly located in the right lower 
lobe (5 of 6 cases). In 1 case, the primary lesion was in the 
left lower lobe. The lower lobe predominance was not previ-
ously observed in the review series of all IMA cases (17 of 
36 cases) (5), or of lung cancers (regardless of the histological 
type) presenting as thin-walled cysts (6 of 15 cases) (11). By 
contrast, Manning et al reported a trend toward lower lobe 
predominance only in cases of IMA with solitary nodules (4 of 
5 cases) (17). The cyst or cavity was described as ʻthin‑walledʼ 
in the primary lesion or the metastases in the majority of the 
cases (5 of 6 cases). The patients underwent surgical resection 
in all cases, and lobectomy was selected in 5 cases. Surgical 
resection was not curative in the present case; similarly, 
postoperative recurrence was also observed in two previous 
studies (12,14). Of note, the patient described herein, as well 
as one of the two previously described patient (14), exhibited 
similar radiological changes on postoperative CT scans: i) The 
primary lesion was a large cystic lesion with peripheral opacity 
in the right lower lobe; ii) the transbronchial metastases were 
originally observed as small nodules, which enlarged and 
transformed into a multiloculated large cyst with thin walls; 
and iii) peripheral opacity was not observed until late in the 
clinical course.

Several mechanisms through which lung cancer forms a 
cavity or cyst have been proposed, such as ischemic tumor 
necrosis, check-bulb, or destruction of alveoli by a direct 
invasion, proteolysis, or excessive mucus retention. As IMA is 
generally considered to be less invasive and exhibits reduced 
necrotic tendency, the check-bulb mechanism is the most likely 
explanation of the formative process of the thin-walled cyst. As 
shown in Table I, the check-bulb mechanism was hypothesized 
to underlie cyst formation in 3 of the 4 cases, although necrosis 
and neutrophil infiltration were also suspected. In the present 
case, the check-bulb mechanism was indirectly supported by 
the histological findings of emphysema‑like airspace enlarge-
ment and by the presence of an intraluminal mucous plug 
in the conductive airway. In the present case, as well as in 
another report (14), the air‑filled cyst increased in size and its 
walls appeared thinner on postoperative CT scans, strongly 
suggesting the check-bulb mechanism. A recent study by 
Nakamura et al suggested a pivotal role of mucus retention in 
cavity formation in lung adenocarcinoma (18); however, cases 
of non-mucinous lung adenocarcinoma were also reported to 
display thin-walled large cysts (11,19,20).

The explanation as to why the parenchymal opacity rapidly 
appeared late in the clinical course also remains unknown. 
Two possible explanations include accelerated tumor growth 
caused by a decreased effectiveness of the antitumor chemo-
therapy, or transformation of the tumor to another histological 
type. As discussed above, similar radiological changes were 
also observed in patients with IMA receiving only supportive 
care (14). In addition, the pathological findings observed in 
the pericystic lesion in our case showed a typical histology for 
IMA, growing in a lepidic pattern without transformation to 
another histological type.

In summary, we presented a rare case of IMA presenting 
as a large cyst with pericystic consolidation. This case was 
not unique, but it revealed the formative process of these 
rare radiological findings. Clinicians should be aware of 

thin-walled cystic lesions as they may represent an unusual 
radiological manifestation of IMA.
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