
Cite this article as: Kim DH, Bae SY, Na KJ, Park S, Park IK, Kang CH et al. Radiological and clinical features of screening-detected pulmonary invasive mucinous ade-
nocarcinoma. Interact CardioVasc Thorac Surg 2022;34:229–35.

Radiological and clinical features of screening-detected pulmonary
invasive mucinous adenocarcinoma

Dae Hyeon Kim a, So Young Bae a, Kwon Joong Na a,b, Samina Parka,b, In Kyu Parka,b,*,

Chang Hyun Kang a,b and Young Tae Kim a,b,c

a Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital, Seoul, South Korea
b Department of Thoracic and Cardiovascular Surgery, Seoul National University College of Medicine, Seoul, South Korea
c Cancer Research Institute, Seoul National University College of Medicine, Seoul, South Korea

* Corresponding author. Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea.
Tel: +82-2-20722342; fax: +82-2-7643664; e-mail: ikpark@snu.ac.kr (I.K. Park).

Received 23 March 2021; received in revised form 8 August 2021; accepted 14 August 2021

Abstract

OBJECTIVES: The current understanding of pulmonary invasive mucinous adenocarcinoma is largely based on studies of advanced stage
patients and data about early-stage invasive mucinous adenocarcinoma are sparse. We evaluated the radiological and clinical features of
screening-detected early-stage invasive mucinous adenocarcinoma (SD-IMA).

METHODS: Data from 91 patients who underwent surgical treatment for SD-IMA (<_3 cm) from 2013 to 2019 were reviewed retrospec-
tively. Data on radiological characteristics, clinicopathological findings, recurrence and survival were obtained. Disease-free survival rate
was analysed.
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RESULTS: Radiologically, SD-IMAs presented as a pure ground-glass nodule (6.6%), part-solid nodule (38.5%) or solid (54.9%).
Dominant locations were both lower lobes (74.7%) and peripheral area (93.4%). The sensitivity of percutaneous needle biopsy was
78.1% (25/32). Lobectomy was performed in 70 (76.9%) patients, and sublobar resection in 21 (23.1%) patients. Seventy-three (80.2%),
15 (16.5%) and 3 (3.3%) patients had pathological stage IA, IB and IIB or above, respectively. Seven patients developed recurrence, and
3 died due to disease progression. Pleural seeding developed exclusively in 2 patients who underwent needle biopsy. The 5-year
disease-free survival rate was 89.4%. The disease-free survival rates at 5 years were 86.3% in the lobectomy group and 100% in the sub-
lobar resection group.

CONCLUSIONS: SD-IMAs were mostly radiologically invasive nodules. SD-IMAs showed favourable prognosis after surgical treatment.
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ABBREVIATIONS

C/T ratio Consolidation-to-tumour ratio
CT Computed tomography
DFS Disease-free survival
IMA Invasive mucinous adenocarcinoma
IQR Interquartile range
MRI Magnetic resonance imaging
NMA Non-mucinous adenocarcinoma
NSCLC Non-small-cell lung cancer
PCNB Percutaneous needle biopsy
PET Positron emission tomography
PSN Part-solid nodule
SD-IMA Screening-detected early-stage invasive mucinous

adenocarcinoma

INTRODUCTION

Invasive mucinous adenocarcinoma (IMA), which accounts for
5% of pulmonary adenocarcinomas, has different characteristics
than non-mucinous adenocarcinoma (NMA) in terms of histol-
ogy, genetics and clinical features. IMA consists mainly of goblet
or columnar tumour cells with intracytoplasmic mucin.
Intrapulmonary metastasis presenting as skip lesions or multifocal
lesions is a unique characteristic of IMA [1]. Thus, IMA is com-
monly detected in advanced stage and is more aggressive than
NMA because of its higher recurrence rate and poorer prognosis
[2, 3]. Genetic abnormalities in IMAs are also distinct from those
of NMAs. Genetic alterations such as kirsten rat sarcoma viral on-
cogene mutation and thyroid transcription factor-1 expression
are more frequent in IMA than in NMA. Epidermal growth factor
receptor mutation and anaplastic lymphoma kinase rearrange-
ment are rare [2, 4]. The recent increase in low-dose computed
tomography (CT) screening highlights the need for better man-
agement of screening-detected early-stage IMA (SD-IMA), which
had different features and prognosis compared with NMA.
Precise understanding of the unique clinical features and out-
comes after surgical management of early-stage IMA is necessary.
However, most of what is currently known about IMAs is based
on the studies of advanced stage IMAs [1, 2, 5], and the clinical
data about early-stage IMAs, especially screening-detected IMAs,
are sparse. Therefore, in this study, we investigated the radiologi-
cal and clinical characteristics of SD-IMA, as well as the prognosis
after surgical treatment.

MATERIALS AND METHODS

This study was conducted in compliance with the Declaration of
Helsinki and approved by the institutional review board of Seoul
National University Hospital (Approval Number: 1909-035-1062).
The requirement for informed consent was waived.

A total of 197 patients underwent surgery for IMA from July
2013 to May 2019 in our institution. We included 91 patients
with radiological tumours <_3 cm whose IMAs had been detected
by screening and who underwent surgical treatment (Fig. 1).
Screening-detected IMAs in this study were the results of private
medical check-up services.

Data on radiological characteristics, clinicopathological find-
ings and postoperative surveillance were collected via review of
medical records. Stage was classified according to the eighth edi-
tion of the International Association for the Study of Lung Cancer
TNM classification system [6].

Radiological assessment

Radiological findings were obtained from the last CT scan before
surgery. The radiological factors included nodule size, nodule
type [pure ground-glass nodule/part-solid nodule (PSN)/solid

Figure 1: Flow diagram of the patient selection process. IMA: invasive mucin-
ous adenocarcinoma.

230 D.H. Kim et al. / Interactive CardioVascular and Thoracic Surgery



nodule], consolidation-to-tumour ratio (C/T ratio), location of
tumour (peripheral/central) and distance from visceral pleura to
tumour margin. The lung CT screening reporting and data system
category of each nodule was determined [3, 7]. The C/T ratio was
defined as the proportion of the longest consolidation diameter
divided by the longest tumour diameter in the lung window
setting [8]. The location of the tumour was determined by a
concentric line from the hilum and the division point was the
peripheral third [9].

Preoperative work-up and surgical management

Pretreatment histological diagnosis was confirmed by percutane-
ous needle biopsy (PCNB) or intraoperative frozen section fol-
lowing diagnostic thoracoscopic resection. Diagnosis of primary
pulmonary IMA in patients with history of previous gastrointesti-
nal tract adenocarcinoma was made based on comprehensive
pathological examination such as cytological comparison and
molecular marker studies. Disease-free interval longer than
5 years was also considered in differential diagnosis. Positron
emission tomography–CT (PET–CT) was performed in patients
with invasive component in the nodule or suspicious metastatic
lesions in CT scan. Brain magnetic resonance imaging (MRI) was
performed in patients with clinical stage IB or higher. The stan-
dard procedure for curative surgery was lobectomy; however,
sublobar resection was performed for radiologically indolent
tumours considering tumour size, C/T ratio, tumour location and
underlying pulmonary function. The pathological parenchymal
resection margin was defined as the distance from the tumour
edge to the nearest stapled resection margin confirmed by
pathologist.

Statistical analysis

Disease-free survival (DFS) was defined the time from date of sur-
gery to the date of recurrence or death whatever comes first.
Patients without recurrent event or death were censored at the
date of last follow-up. The last follow-up date was 30 August
2020. Local recurrence was defined as recurrence in the bron-
chial stump or parenchymal margin. Regional recurrence was de-
fined as recurrence in the ipsilateral intrathoracic lymph node,
other ipsilateral lobes or pleural dissemination. Other recurrences
were considered distant metastases. Quantitative variables are
expressed as the mean and, standard deviation or interquartile
range (IQR), and categorical variables are expressed as the abso-
lute numbers and relative frequencies. Time-to-event analyses
were conducted using the Kaplan–Meier method and differences
were compared using the log-rank test. The median follow-up
duration was calculated using the reverse Kaplan–Meier method.
The sensitivity of pathological diagnoses (needle biopsy or frozen
examination) was calculated. Statistical analyses were conducted
using SPSS Statistics for Windows, Version 25.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Patients

The characteristics of the patients are shown in Table 1. The
majority of patients were women (62.6%, n = 57) and non-smoker

(73.6%, n = 67). The mean age was 64.3 ± 10.0 years. The most
common comorbidities were cardiovascular disease including
hypertension (46.2%, n = 42). Twenty-four patients (26.4%) had a
history of other malignancies with gastrointestinal tract cancers
being the most frequent (n = 9). Almost all patients had normal
pulmonary function and good performance status. The median
time from screening detection to operation was 4 months (IQR
3–51).

Table 1: Patient demographics

Variables Total
(n = 91)

Age (years), mean ± SD 64.3 ± 10.0
Sex, n (%)

Female 57 (62.6)
Male 34 (37.4)

Smoking history, n (%)
Never smoker 67 (73.6)
Ex-smoker 20 (22.0)
Current smoker 4 (4.4)

ECOG performance status, n (%)
0 82 (90.1)
1 9 (9.9)

Comorbidities, n (%) 66 (72.5)
Cardiovascular disease 42 (46.2)
Diabetes mellitus 14 (15.4)
Renal disease 1 (1.1)
Asthma 1 (1.1)
Cerebrovascular disease 3 (3.3)

Previous malignancy, n (%) 24 (26.4)
Gastrointestinal tract cancer 9 (9.9)
Breast cancer 5 (5.5)

ECOG: Eastern Cooperative Oncology Group; SD: standard deviation.

Table 2: Radiological characteristics

Variables Total
(n = 91)

Location, n (%)
Right upper lobe 7 (7.7)
Right middle lobe 5 (5.5)
Right lower lobe 26 (28.6)
Left upper lobe 13 (14.3)
Left lower lobe 42 (46.2)

Nodule type, n (%)
Pure ground-glass nodule 6 (6.6)
Part-solid nodule 35 (38.5)
Solid nodule 50 (54.9)

Tumour size, radiological (cm), mean ± SD 1.64 ± 0.58
Solid component size (cm), mean ± SD 1.30 ± 0.70
Consolidation-to-tumour ratio,a mean ± SD 0.49 ± 0.25
Distance from visceral pleural <_1 cm, n (%) 85 (93.4)
SUVmax, mean ± SD 3.2 ± 3.0
Lung-RADS category, n (%)

2 6 (6.6)
3 3 (3.3)
4A 15 (16.5)
4B 67 (73.6)

Lung-RADS: lung computed tomography screening reporting and data sys-
tem; SD: standard deviation; SUVmax, maximal standardized uptake value in
positron emission tomography.
aPart-solid nodule only.
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Radiological features

The dominant sites were the lower lobes (n = 68) and almost all
nodules were located in the peripheral third of the lung (87.9%,
n = 80). The distance from the visceral pleura to tumour margin
was 1 cm or less in most tumours (93.4%, n = 85). Nineteen
(20.9%) patients had synchronous non-dominant nodules.

The mean nodule size was 1.64 ± 0.58 cm (IQR 1.2–2.0). The
type of nodules was pure ground-glass nodule in 6 (6.6%), PSN in
35 (38.5%) and solid nodules in 50 (54.9%) (Fig. 2). The mean C/T
ratio of PSN was 0.49 ± 0.25 (IQR 0.40–0.66). The lung CT screen-
ing reporting and data system categories were 4A or 4B in most
of cases (90.1%, n = 82). PET–CT was performed in 69 (75.8%)
patients and the mean maximal standardized uptake value was
3.2 ± 3.0 (IQR 1.4–3.6) (Table 2). Brain MRI was performed in 42
(46.2%) and no patient had brain metastasis.

Pathology and surgery

Pretreatment histological diagnosis was attempted by PCNB in
33 patients and by intraoperative frozen section in 56 patients.
Two patients underwent direct lobectomy due to combined
NMAs. In the PCNB group, a diagnosis of non-small-cell lung
cancer (NSCLC) was made in all patients (IMA—26, NMA—7). In
the frozen section group, a diagnosis of NSCLC was made in 53
(94.6%) patients (IMA—29, NMA or carcinoma not otherwise
specified—24). The frozen section results of 3 patients were false
negative and 1 patient underwent lobectomy afterwards. The ex-
tent of pulmonary resection was lobectomy in 70 patients
(76.9%), segmentectomy in 13 (14.3%) and wedge resection in 8
(8.8%) patients. Systematic lymph node dissection was performed
in 85 patients (93.4%). The mean number of dissected lymph
nodes was. 8.8 ± 5.2 in N1 stations and 12.5 ± 7.3 in N2 stations.
In the sublobar resection group, the mean parenchymal resection
margin distance was 2.72 ± 1.94 cm (IQR 1.25–4.35) and the
mean margin-to-tumour ratio was 3.1 ± 2.7 (IQR 1.5–5.8). The
margin-to-tumour ratio was <1 in 3 patients. Seven (7.7%)
patients experienced postoperative complications. There was no
postoperative mortality.

Seventy-three (80.2%), 15 (16.5%), 2 (2.2%) and 1 (1.1%)
patients had stage pIA, pIB, pIIB and pIVA, respectively (Table 3).
Two patients had mixed mucinous adenocarcinoma and NMA.

Among 19 patients with non-dominant nodules, 2 had metastatic
IMA, 8 had synchronous NMA, 5 had inflammatory nodules and
the non-dominant nodules were not resected in 4. Adjuvant che-
motherapy was not performed in 3 patients, who were indicated,
considering comorbidities, low chemo-sensitivity nature of IMA
and the patients’ preference.

Thyroid transcription factor-1 was positive in 50% (8/16) and
kirsten rat sarcoma viral oncogene mutations detected in 53.3%
(8/15) of IMAs. The rates of epidermal growth factor receptor
mutation and anaplastic lymphoma kinase rearrangement were
3.2% (2/62) and 4.2% (3/71), respectively.

Prognosis

The median follow-up duration was 42 months (IQR 20–61).
Recurrence was detected in 7 patients. There was no local recur-
rence. Pleural seeding exclusively occurred in 2 (6.1%) patients

Figure 2: Heterogeneous radiological features of invasive mucinous adenocarcinomas of the lung; (A) 2.0 cm pure ground-glass nodule in the right lower lobe, (B)
1.5 cm part-solid nodule in the right middle lobe and (C) 1.5 cm sold nodule in the right lower lobe.

Table 3: Pathological results

Variables Total
(n = 91)

Tumour size, pathological (cm), mean ± SD 1.56 ± 0.84
pT T1mi, n (%) 1 (1.1)

T1a 22 (24.2)
T1b 41 (45.1)
T1c 10 (11.0)
T2a 16 (17.6)
T2b 0 (0.0)
T3 1 (1.1)

pN Nx, n (%) 5 (5.5)
N0 85 (93.4)
N1 1 (1.1)

pM M1a, n (%) 1 (1.1)
pStage pIA, n (%) 73 (80.2)

pIB 15 (16.5)
pIIB 2 (2.2)
pIVA 1 (1.1)

Synchronous double primary lung cancer 8 (8.8)
Visceral pleural invasion 11 (12.1)
Vascular invasion 2 (2.2)
Lymphatics invasion 3 (3.3)

SD: standard deviation.
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who had undergone PCNB and the disease-free intervals of these
patients were 9.3 and 9.5 months, respectively. There was no
pleural seeding in no-PCNB patients. Three patients experienced
contralateral pulmonary metastasis and 1 patient experienced
contralateral pulmonary metastasis and nodal recurrence. There
were 2 extrathoracic metastases, both of which were brain me-
tastases (Table 4).The 2 patients with pleural seeding died 5 and
12 months after recurrence, and 1 patient with brain metastasis
died from treatment-related adverse events. The 5-year overall
survival rate was 96.0% (Fig. 3A).

The 3- and 5-year DFS rates were 93.1% and 89.4%, respec-
tively (Fig. 3B). The DFS rates at 5 years were 86.3% in the lobec-
tomy group and 100% in the sublobar resection group,
respectively (Fig. 4).

DISCUSSION

In this study, SD-IMA showed peripheral and lower lobe pre-
dominance, and 93.4% of SD-IMAs presented as radiologically in-
vasive lesions. The prognosis after surgical treatment was
favourable, and preoperative PCNB was associated with pleural
seeding and dismal prognosis. Several distinctive clinicopatholog-
ical features of IMA have previously been reported, including
lower lobe predominance, bilateral involvement, distinguishing
genetic mutation patterns and poorer prognosis [2, 3, 5, 10–12].

The distinct location pattern, lower lobe predominance, of
IMA was observed in SD-IMA. Approximately three-quarter of
SD-IMAs were in both lower lobes as has been reported in previ-
ous studies examining IMAs [10]. However, the anatomic and his-
tological mechanism behind this lower lobe predominancy is still
unknown. Another characteristic of IMAs is peripheral location.
In this study, �93% of SD-IMAs were located adjacent to the vis-
ceral pleura. This feature may be related to the anatomical loca-
tion of the cellular origin of IMA. IMAs are considered to arise
from ciliated columnar cells via mucous columnar cell metaplasia
in the non-terminal respiratory unit, which is a proximal part of
respiratory unit of the lung [13, 14].

IMA has been divided into 2 radiological types, the pneumonic
type and the solid type, and the prognoses of the 2 types are dif-
ferent [15]. Solid-type IMA tends to be diagnosed at relatively
lower pathological stages and is associated with better outcomes,
which is likely due to the larger extent of the tumour in pneu-
monic type IMA [16]. Few studies have reported the radiological

characteristics of small IMAs. Lee et al. [5] reported that IMAs
present as solid nodule or PSN. No pure ground-glass nodule
was noted in their study. Shimizu et al. [16] reported that 19 small
IMAs presented as a solid or part-solid (bubbling) nodule. No
study has reported pneumonic type in small IMAs and there was
no pneumonic type nodule in the present study. This finding sug-
gests that pneumonic type does not have a different pathogene-
sis but rather appears as IMA progresses. Therefore, classification
of IMA into the pneumonic or solid type is not a tumour charac-
teristic but rather a status of progression.

Radiological nodule size and C/T ratio are important selection
criteria for sublobar resection in small adenocarcinomas.
Nodules <_2 cm with a C/T ratio <_0.25 are regarded as preinvasive
or minimally invasive lesions and are candidates for sublobar re-
section if sufficient resection margin is guaranteed. To apply this
strategy to SD-IMA, radiological–pathological correlations and
oncological outcomes after sublobar resection in SD-IMA should
be verified. The present study showed a high radiological–patho-
logical correlation rate in SD-IMA. About 93% of SD-IMAs pre-
sented radiologically as invasive nodules such as solid nodule
(53.8%) or PSN with C/T ratio >0.25 (39.8%). Only 6.6% of SD-
IMAs presented radiologically as a preinvasive nodules.
Considering the small portion of radiologically non-invasive SD-
IMAs, the current strategy for determining the extent of resection
based on radiological features would likely not affect the out-
come of SD-IMA patients.

At another point, the prognostic effect of lepidic portion in
SD-IMA should also be considered. In this study, approximately
half of SD-IMAs had ground-glass components. It is unclear
whether the prognosis of subsolid IMA depends on the size of
the solid component as in NMA, or the entire tumour size, in-
cluding the ground-glass component. The ground-glass compo-
nent represents a lepidic growth pattern, which in IMA is
considered an invasive component representing mucin spread to
the alveolar spaces [4, 17]. Few studies have examined the corre-
lation of the lepidic pattern in IMA with prognosis and survival.
Hwang et al. [18] reported significantly better 5-year DFS among
patients with pure lepidic IMA (100%) than those with minimally
invasive IMA (95%) and the size of the invasive component was a
significant prognostic factor in the multivariate analysis. Oki et al.
[19] also reported that, in the pathological staging of IMA, exclu-
sion of the lepidic component has higher discriminative power
for overall survival than inclusion of the lepidic component.
These findings suggest that ground-glass components in SD-IMA

Table 4: Data of patients with recurrence

PCNB Surgery Pathological stage Recurrence
site

DFI
(months)

Recurrence
treatment

Survival after
recurrence (months)

Current
status

1 - Lobectomy T2aN0M0 Brain 13.1 Radiation therapy 2.3 LD
2 + Lobectomy T2aN0M0 Contralateral lung 10.8 Operation

Radiation therapy
40 L

3 + Lobectomy T2aN0M0 Contralateral lung/node/brain 6.2 Chemotherapy 9.0 D
4 - Lobectomy T1bN0M0 Contralateral lung 59.7 Operation 15.9 L
5 + Lobectomy T1bN0M0 Pleura/

chest wall
9.5 Chemotherapy 5.7 D

6 + Lobectomy T2aN1M0 Pleura 9.3 Chemotherapy 12.2 D
7 + Lobectomy T2aN0M0 Contralateral lung 17.4 No treatment 7.9 LD

D: dead; DFI: disease-free interval; L: live without disease; LD: live with disease; PCNB: percutaneous needle biopsy.
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would not affect oncological outcomes and the current strategy
for determining extent of resection based on the size or ratio of
the solid components can be applied in subsolid IMAs.

The long-term oncological outcomes of SD-IMAs in our study
also support these recommendations. In this study, most SD-
IMAs were pathological stage IA (80.2%) and the 3- and 5-year
DFS rates were 93.1% and 89.4%, respectively. No local recur-
rence occurred even among patients who underwent sublobar
resection. IMA is known to have a poorer prognosis than NMA
[2, 5, 12]. However, some studies of early-stage IMA showed no
significant difference in DFS and overall survival between NMA
and NMA patients in the same stage [16, 20, 21]. In a study [5] of
81 solitary IMA cases in which 8% of patients underwent sublo-
bar resection, the DFS rate of patients with IMA was between
that of patients with low-grade (lepidic-predominant) NMA and
that of patients with intermediate-grade (acinar/papillary-pre-
dominant) NMA, and the overall survival of patients with IMA
was similar to that of patients with intermediate-grade NMA. In
our study, the DFS of SD-IMA patients was similar to those of
previous studies (79–89.2%), despite the higher proportion of
sublobar resection (23% vs 8%) [5]. Unlike NMAs, extrapulmonary
metastases are very rare in IMAs. A previous study showed that

recurrences in IMA are limited to the lungs, and there is no
extrapulmonary metastasis [21]. Primary failure pattern in our
study was intrapulmonary metastasis in the contralateral lung
and pleural seeding. Only 2 patients experienced extrathoracic
metastases, both in the brain.

PCNB has been reported as a risk factor for pleural seeding in
early-stage lung cancer [22–24]. Because SD-IMA is usually lo-
cated in the subpleural area and consists of mucin, which can
easily leak through the visceral pleural needle track, the risk of
pleural seeding after PCNB is much higher than in NMA. In this
study, pleural seeding exclusively developed in patients who
underwent PCNB. Therefore, the effect of PCNB on pleural recur-
rence cannot be ruled out in this study too. PCNB should be re-
served for highly selected cases in patients with subpleural
nodule that requires surgical resection [25].

Limitations

This study had several limitations. First, it is a retrospective study
that cannot be directly applied to screening and surgical planning
protocols. A prospective study is necessary to evaluate the rela-
tionship between preoperative imaging results and surgical out-
comes. Second, this was a single-institution study with limited
number of cases. The statistical power of analyses would not be
high and the results can be questionable since the number of
cases and the number of events were small. To obtain a more
definite conclusion, a multi-centred, large population, prospec-
tive study should be conducted.

CONCLUSION

The majority of SD-IMAs were radiologically invasive nodules in
the periphery of the lower lobe. Patients with SD-IMAs showed
favourable prognosis after surgical treatment.

Conflict of interest: none declared.

Figure 3: Kaplan–Meier curves for overall survival (A) and disease-free survival (B) (thin lines indicated the 95% confidence intervals).

Figure 4: Kaplan–Meier curves for disease-free survival according to the extent
of pulmonary resection.
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[25] Vansteenkiste J, Crinò L, Dooms C, Douillard JY, Faivre-Finn C, Lim E et
al.; Panel Members. 2nd ESMO Consensus Conference on Lung Cancer:
early-stage non-small-cell lung cancer consensus on diagnosis, treat-
ment and follow-up. Ann Oncol 2014;25:1462–1474.

TH
O

R
A

C
IC

235D.H. Kim et al. / Interactive CardioVascular and Thoracic Surgery


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5

