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Summary at a Glance

This study focused on the unique HRCT features of invasive mucinous
adenocarcinoma associated with interstitial pneumonia by comparison with
those of non-mucinous invasive adenocarcinoma. Deformed pneumonic
presentation adjacent to a fibrocystic lesion together with so-called malignant
signs and characteristic features of mucinous adenocarcinoma indicate invasive
mucinous adenocarcinoma.

Abstract
Background and Objective: Lung cancer is prevalent among patients with interstitial
pneumonia (IP). High-resolution computed tomography (HRCT) findings of
IP-associated invasive mucinous adenocarcinoma have never been described. We
therefore investigated its clinicoradiological features.
Methods: Among 112 consecutive patients with 120 surgically resected IP-associated
lung cancers, 42 patients had pathologically proven invasive adenocarcinoma (IA).
Fourteen out of 42 patients (10 men, 4 women, mean age, 68.4 years) had invasive
mucinous adenocarcinoma. We reviewed the patients’ medical records and HRCT
findings, and, if available, serial HRCT scans.
Results: The major clinical manifestations of IP-associated invasive mucinous
adenocarcinoma were idiopathic IP (n = 13) and a pneumonic pattern in the lower
lobe adjacent to a fibrocystic lesion on HRCT. In 11 patients each with invasive
mucinous adenocarcinoma or other types of IA, the tumour was adjacent to a
fibrocystic lesion. In invasive mucinous adenocarcinoma, malignant signs included
lobulation (n = 11), spiculation (n = 9), vascular convergence (n = 10), and pleural
indentation (n = 2). The between-group difference of these findings was statistically

insignificant. Characteristic findings of mucinous adenocarcinoma (i.e., vague
margins [n = 10], lobular-bounded margins [n = 11], air bronchogram [n = 11], and
bubble-like low attenuation [n = 8]) were statistically more common in invasive
mucinous adenocarcinoma than in other IA types. All invasive mucinous
adenocarcinoma tumours (n= 11) were pathologically associated with fibrosis closely.
Conclusion: Mixed ground-glass opacity and consolidation adjacent to a fibrocystic
lesion with malignant signs and characteristic features of mucinous adenocarcinoma
indicate malignancy.
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Short Title:
Invasive mucinous adenocarcinoma with IP

Abbreviations list:
AIS: adenocarcinoma in situ; ALAT: Latin American Thoracic Association; ATS:
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Insurance Portability and Accountability Act; HNF4-alpha: hepatocyte nuclear factor
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IASLC: International Association for the Study of Lung Cancer; IP: interstitial
pneumonia; JRS: Japanese Respiratory Society; KL-6: Krebs von den Lungen-6; MIA:
minimally invasive adenocarcinoma; SP-D: surfactant protein-D; UIP: usual interstitial
pneumonia
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Introduction
Invasive mucinous adenocarcinoma, previously referred to as
diffuse/pneumonic mucinous bronchioloalveolar carcinoma, was classified as a
variant of invasive adenocarcinoma (IA) in 20111. High-resolution computed
tomography (HRCT) findings of invasive mucinous adenocarcinoma without interstitial
pneumonia (IP) show a pneumonic presentation with mixed air-space consolidation
and ground-glass opacity2, 3 associated with an air bronchogram4, bubble-like low
attenuation3, and/or computed tomography (CT) angiogram sign5-7. These features
are characteristic of invasive mucinous adenocarcinoma but not always specific to it7,
8

.
Mucinous subtypes of adenocarcinoma in situ (AIS) and minimally invasive

adenocarcinoma (MIA) have been documented1. Miyata et al9. reported a case-series
with surgically resected and pathologically proven mucinous subtypes of AIS/MIA
without IP. Major features of their cohort were solid or part-solid CT attenuation
associated with lobular-bounded margins and a vaguely outlined ground-glass
shadow. These characteristic features of the tumour margin were pathologically
interpreted as alveolar spaces filled with mucin, floating tumour cells, and infiltration of

macrophages9-11. Contractive changes such as pleural indentation, spiculation, or
vascular convergence are uncommon findings10. A solitary nodule with lobulation,
spiculation, pleural indentation, and vascular convergence (the so-called malignant
signs) are relatively reliable HRCT findings in non-mucinous IA without IP12, 13.
Invasive mucinous adenocarcinoma is an advanced form of mucinous AIS or MIA14.
Whether the characteristic features of mucinous AIS or MIA are maintained in
invasive mucinous adenocarcinoma remains unknown.
The similarities and differences in HRCT features between patients not
having IP but with (1) invasive mucinous adenocarcinoma with pneumonic
presentation, (2) mucinous AIS/MIA, and (3) invasive adenocarcinoma with
mass/nodular presentation are shown in Table S1.
Primary lung cancer is highly prevalent among patients with IP. HRCT
findings focusing only on IP-associated IA, in particular invasive mucinous
adenocarcinoma, have never been investigated. This retrospective study aimed (1) to
describe the clinical features of 42 patients with IA and IP and 2) to determine whether
the unique HRCT findings for 11 invasive mucinous adenocarcinoma tumours
adjacent to fibrocystic lesions allow the diagnosis of malignant disease by comparison

with 11 tumours representing other types of IA with mass/nodular presentation.

Materials and Methods

Patients
We retrieved the records of 112 consecutive patients with IP-associated lung
cancers who received surgical resection during the period of January 2006 to January
2015 (Figure 1). Eight patients had double primary lung cancers, and 120 tumours
were initial candidates for this study. We retrospectively studied the HRCT findings
and the medical records of 42 patients with IP-associated IA. Among them, 14
patients (10 men and four women; mean age, 68.4 years) with IP-associated invasive
mucinous adenocarcinoma were included. The remaining 28 patients with IA were
categorised into the group with IA other than invasive mucinous adenocarcinoma
(other types of IA group). We reviewed the HRCT findings of the tumours and the IP
patterns, chest x-ray findings, pulmonary function test results, levels of serum fibrotic
markers of IP such as Krebs von den Lungen-6 (KL-6) and surfactant protein-D
(SP-D), and clinical manifestations such as symptoms, performance status, smoking

status, pathological stage of lung cancer, and the presence of underlying IP at the
time of surgery.
This study was approved by the local ethics committee of Toranomon
Hospital (Tokyo, Japan; approval number: #773). Informed consent was waived. The
study was compliant with the Health Insurance Portability and Accountability Act
(HIPAA).

Evaluation by HRCT
Based on the HRCT findings, we subdivided the tumours into two patterns15:
(1) the mass/nodular type, the features of which were a solitary mass or nodule
(Figure S1); and (2) the pneumonic type, the features of which included mixed
ground-glass opacity and consolidation with an inconspicuous border (Figures 2, 3).
We evaluated the margins, internal architecture, CT attenuation, and surrounding
structure of the tumours. Special attention was paid to the presence or absence of
relatively reliable radiological features in patients with small nodular non-mucinous IA
of the lung such as lobulation, spiculation, pleural indentation, and vascular
convergence (i.e., malignant signs). We also evaluated previously reported features

of invasive mucinous adenocarcinoma and mucinous AIS/MIA such as a vaguely
outlined margin9, an interlobular bounded margin9, the presence of an air
bronchogram4, bubble-like low attenuation3, and/or CT angiogram sign5-7.
To emphasise the characteristic HRCT features in patients in whom a
tumour developed in the peripheral area adjacent to a fibrocystic lesion and to identify
the unique features of patients with IP-associated invasive mucinous adenocarcinoma,
we compared the HRCT findings of patients with IP-associated invasive mucinous
adenocarcinoma presenting as the pneumonic type (n=11) and patients with IA other
than invasive mucinous adenocarcinoma presenting as the mass/nodular type (n=11),
with regard to patients in whom the tumour was adjacent to the fibrotic lesion (Figure
1). In addition, to elucidate the sequential tumour growth, serial CT scans obtained
before surgery were reviewed in four patients with invasive mucinous
adenocarcinoma.
The detailed CT techniques are provided in Supplementary file S1.

Statistical analysis
We used the Mann-Whitney test to compare trends among the continuous

variables, and Pearson’s chi-square test or Fisher’s exact test to compare trends
among the categorical variables. We performed Kaplan-Meier analysis to calculate
the 5-year survival rate after surgery, and compared the results between the invasive
mucinous adenocarcinoma group and the other types of IA group using the log-rank
test. We reported two-tailed p-values and assumed that p < 0.05 was statistically
significant. For these analyses, SPSS for Windows, version 20.0 (SPSS Inc., Chicago,
IL), was used.

Pathological evaluation
All tumours were surgically resected and pathologically confirmed by a
pulmonary pathologist, based on the criteria for invasive mucinous adenocarcinoma
proposed by the International Association for the Study of Lung Cancer
(IASLC)/American Thoracic Society (ATS)/European Respiratory Society (ERS) in
20111. We immunohistochemically examined hepatocyte nuclear factor 4-alpha
(HNF4-alpha) expression with a nuclear pattern as a highly specific marker for tumour
cells of invasive mucinous adenocarcinoma16. The pathological correlation between
tumour location and fibrosis was assessed.

The pathological classification of IP was confirmed by multidisciplinary
discussion. For idiopathic cases, we used the classification based on the official
statement of ATS/ERS/JRS/ALAT17.

Results
Clinical manifestations in IA patients
The patients’ characteristics are summarised in Table 1. The clinical
diagnosis of IP was idiopathic IP in 13 patients and microscopic polyangiitis in one
patient in the invasive mucinous adenocarcinoma group. The baseline characteristics
were similar between the invasive mucinous adenocarcinoma group and the other
types of IA group, particularly the presence of underlying IP and the CT patterns;
however, the other types of IA group was much more symptomatic and had a
significantly poorer performance status than the invasive mucinous adenocarcinoma
group.
The lung cancer profile is summarised in Table 2. It is noteworthy that the
pneumonic pattern was significantly associated with invasive mucinous
adenocarcinoma, whereas the mass/nodular pattern was predominant in patients with

other types of IA; however, four patients with IA other than invasive mucinous
adenocarcinoma presented with the pneumonic pattern. In most patients, the tumour
was in the lower lobes and adjacent to a fibrocystic lesion. This pattern occurred in 11
patients with invasive mucinous adenocarcinoma and in 15 patients with other types
of IA.
The five-year survival rates were 50.9% and 17.1% in the invasive mucinous
adenocarcinoma group and the other types of IA group, respectively, with no
statistically significant difference (Figure S2). In the invasive mucinous
adenocarcinoma group, two patients developed a surgery-related acute exacerbation;
however, no patients died because of acute respiratory failure within 30 days
post-surgery. Two patients died of respiratory failure associated with recurred
aerogeneous pulmonary metastasis.

HRCT findings
The HRCT findings of tumours that were closely associated with a fibrocystic
lesion are summarised in Table 3 (11 patients each in the invasive mucinous
adenocarcinoma and other types of IA groups). First, vaguely outlined or

lobular-bounded margins with CT attenuation of mixed ground-glass opacity and
consolidation associated with or without an air bronchogram and bubble-like low
attenuation were major findings in invasive mucinous adenocarcinoma (Figures 2, 3).
These findings were significantly more common in patients with IP-associated
invasive mucinous adenocarcinoma presenting as the pneumonic type than in
patients with other types of IA presenting as the mass/nodular type. Second, in HRCT
features of mass/nodular type IA, one or more malignant signs were partially identified
in all patients with the pneumonic type of invasive mucinous adenocarcinoma
(Figures 2, 3, and Table S2). There was no statistically significant difference in the
incidence of these findings between the invasive mucinous adenocarcinoma group
and other types of IA group.
Serial HRCT scans before surgery were available for four patients. Figure 3
shows an example of serial HRCT images at three time points: 2 years before surgery,
3 months before surgery, and at the time of the surgery. Subtle mixed ground-glass
opacity and consolidation were initially identified 3 months before surgery and
gradually spread. These serial CT scans revealed two important aspects. First,
because of stiffness, honeycomb fibrosis might intercept a tumour’s growth,

compared to the normal lung parenchyma, and the tumour shape may become
distorted. Second, in the CT image acquired just before surgery, emerging enlarged
cystic formations within the tumour, which could be distinguished from honeycomb
cysts, were identified by comparison with the prior CT images.
In four patients with IA other than invasive mucinous adenocarcinoma with a
pneumonic pattern (Figure S3), we analysed the pathological and radiological
correlation. The subtypes of IA were an acinar pattern in two patients, the papillary
subtype with a micropapillary pattern in one patient, and papillary predominant with
lepidic pattern in one patient. Three of these four patients were partially positive for
HNF4-alpha.
The subtypes of adenocarcinoma in other types of IA group are shown in
Table S3. It remains unknown whether these pathological subtypes of IA
corresponded to the mass/nodular type of presentation on HRCT.

Pathological diagnosis of tumours and interstitial pneumonia
Immunohistochemical examination revealed that all patients with invasive
mucinous adenocarcinoma were positive for HNF4-alpha. Patients with invasive

mucinous adenocarcinoma are negative for napsin-A and thyroid transcription factor
-1; therefore, it is sometimes difficult to distinguish primary invasive mucinous
adenocarcinoma of the lung from metastatic lung cancer from other anatomic sites by
pathological evaluation using immunohistochemistry18. All patients underwent clinical
imaging examinations, and the possibility of metastatic lung diseases from the other
anatomic sites was excluded. The pathological classification of IP in invasive
mucinous adenocarcinoma group revealed the usual interstitial pneumonia (UIP)
pattern in nine patients and unclassified IP in five patients.
Table 4 summarises the pathological relationship between the morphological
features of fibrosis and invasive mucinous adenocarcinoma in 11 patients in whom
tumours developed adjacent to fibrosis, according to HRCT. All tumours were
pathologically associated with fibrotic lesions. The type of fibrosis varied (Figure S4).

Discussion
Based on the results of this study, the following HRCT findings indicate the
malignancy of IP-associated invasive mucinous adenocarcinoma: 1) the presence of
various combinations of malignant signs such as lobulation, spiculation, and vascular

convergence, as seen in mass/nodular type nonmucinous IA; (2) previously
demonstrated characteristic features of invasive mucinous adenocarcinoma or
mucinous AIS/MIA without IP –

that is, CT attenuation of mixed ground-glass opacity

and consolidation associated with or without an air bronchogram and bubble-like low
attenuation5, 10, 11 that exist at least in part of the tumour; and (3) a deformed shape of
the tumour adjacent to a fibrocystic lesion because of the disruption of uniform
tumour’s growth.
Lobulation, spiculation, vascular convergence and pleural indentation are CT
findings for mass/nodular type IA without IP12, 13. These malignant signs are useful in
determining the diagnosis and they correspond pathologically to tumour infiltration,
invasion, and desmoplastic reaction, and concurrently expanding tumour cell
proliferation along the surrounding alveolar walls19. It has not been clearly determined
whether these malignant signs can be identified in patients with invasive mucinous
adenocarcinoma. Furthermore, these signs are uncommon in patients with mucinous
AIS or MIA without IP10. In patients with IP-associated lung cancer, HRCT features
focusing on IA or invasive mucinous adenocarcinoma only, have never been reported.
Our study concluded that both pneumonic type invasive mucinous adenocarcinoma

and mass/nodular type IA associated with IP exhibited these malignant signs on
HRCT with various combinations. The between-group difference with the incidence of
these signs was statistically insignificant (Table 3). Therefore, the malignant signs
were considered as common features in patients with IP-associated IA, regardless of
the tumour shape on HRCT.
Previously demonstrated HRCT features of invasive mucinous
adenocarcinoma without IP as follows; air bronchogram, bubble-like low attenuation,
CT angiogram sign, mixed air-space consolidation and ground-glass opacity, and the
presence of multiple cysts or cavities, have been pathologically consistent and include
a mixture of mucin accumulation and invasive tumour lesions5, 10, 11. These features
have been reported as characteristic but non-specific findings7, 8. Our study
demonstrated that these findings in patients with IP were similar in patients without IP
and that the incidence of these findings was statistically higher in patients with
IP-associated invasive mucinous adenocarcinoma than in patients with IP-associated
IA other than invasive mucinous adenocarcinoma.
In IP-associated invasive mucinous adenocarcinoma, the tumours were
deformed. Because of the stiffness of the fibrocystic lesion, honeycomb fibrosis may

disrupt uniform tumour growth, compared to growth in areas with normal lung
parenchyma (Figure 3). Various combinations of the characteristics of invasive
mucinous adenocarcinoma and the malignant signs can lead to an accurate diagnosis
of malignancy in this deformed pneumonic presentation. As shown in Figure 3, serial
CT enabled distinguishing between emerging cystic formations and pre-existing
honeycomb cysts, particularly in cases of the UIP pattern on HRCT. Based on our
findings, we propose that further clinical examination of tissue biopsy is strongly
indicated for patients who present with these features and who have no improvement
of HRCT findings after short-term follow up.
Pathological evaluation revealed that the tumour location was closely related
to fibrosis in all 11 invasive mucinous adenocarcinoma patients (Table 4). This factor
has also been examined radiologically in other types of IP-associated lung cancer20-22.
In IP, atypical epithelial proliferation such as squamous or adenomatous metaplasia
of the bronchial epithelium and bronchiolisation in the alveolar epithelium around the
small airway are common histopathological findings. Atypical cell proliferation was
associated with scar lesions such as focal scarring and honeycomb fibrosis. This
finding suggests that fibrosis in IP may be involved in carcinogenesis19.

This study has several limitations. This was a retrospective study conducted
at a single institution. Although all patients in this small study showed at least one
malignant sign, there may have been invasive mucinous adenocarcinoma tumours for
which no malignant signs were observed. In this situation, it is possible that tumours
with pneumonic presentation may not be recognised as malignant disease.
In conclusion, not only the lack of improvement after short-term follow up, but
also recognition of malignant signs should warrant earlier intervention to determine
the pathologicalal diagnosis of invasive mucinous adenocarcinoma.
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Figure Legends
Figure 1: Summary of the study. (a) The manner of grouping 112 patients into
pathological subtypes of lung cancer. Of 42 patients with invasive adenocarcinoma
(IA), one patient had double primary cancers with IA and squamous cell carcinoma
(indicated by an asterisk [*]). (b) The summary of high-resolution computed
tomography

(HRCT) evaluation. Detailed HRCT evaluation was performed only in

patients in whom tumour developed adjacent to fibrosis.

Figure 2: Consecutive sections of samples from the same patient with pneumonic
pattern with usual interstitial pneumonia. (a) Multiple distributions of mixed
ground-glass opacity and consolidation shows an aerogeneous spread.
(b and c) Vascular convergence (blue arrow) and lobular-bounded margin (yellow
arrow). (d and e) The tumour is adjacent to the honeycomb lesion with a vaguely
outlined tumour surface. (f) Hematoxylin and eosin (H&E) stain (magnification, x1).
The tumour’s growth is intercepted by the interlobular septa (ILS). This pathological
feature corresponds to the lobular-bounded margin.

Figure 3: Serial computed tomography (CT) images in invasive mucinous
adenocarcinoma with the usual interstitial pneumonia (UIP) pattern. (a) Subtle mixed
ground-glass opacity and consolidation was initially noted 1 year before surgery. (b)
Three month before surgery, pneumonic opacity presenting with a poorly-defined
tumour surface has emerged adjacent to the honeycomb cyst (yellow arrow). (c) The
CT image obtained just before surgery shows an emerging cyst within the tumour that
is distinguishable from the honeycomb cysts (blue arrow). (d) Hematoxylin and eosin
(H&E) stain (magnification, x1) and a low power view of the tumour. The tumour is
distributed primarily in the normal alveolar spaces with close correlation with dense
fibrosis with honeycomb cyst. (e) High power view of the tumour with H&E stain at x10
magnification. The goblet type tumour cells containing intracytoplasmic mucin are
lined along the alveolar wall. (f) The pathological evidence of a close association with
fibrosis (H&E stain, magnification, x4): the tumour cells are partially lined along the
dilated air-space within the fibrosis. (g) Immunohistochemistry (IHC) for hepatocyte
nuclear factor 4 alpha (HNF4-alpha; magnification, x4). The tumour cells exhibit
positive staining for HNF4-alpha.

Figure S1: Mass/nodular pattern in the invasive mucinous adenocarcinoma group.
Only one patient with invasive mucinous adenocarcinoma is categorised to this group.

Figure S2: The Kaplan-Meier curve. The 5-year survival is statistical insignificant
between the invasive mucinous adenocarcinoma and other types of IA group (50.9%
vs 17.1%), although the survival rate tends to be better in invasive mucinous
adenocarcinoma group than in the other types of IA group. When the numbers
participating in each group would become larger, the 5-year survival rate might be
significant.

Figure S3: Pneumonic pattern in a patient with invasive adenocarcinoma (IA) other
than invasive mucinous adenocarcinoma. (a and b) A tumour with a pneumonic
pattern is adjacent to the fibrocystic lesion with unclassifiable pattern interstitial
pneumonia (IP). (c) Hematoxylin and eosin (H&E) stain (magnification, x4) of the
tumour, which is closely adjacent to fibrosis. The vaguely outlined margin is
histopathologically consistent with lepidic growth of tumour cells. (d)
Immunohistochemistry (IHC) for hepatocyte nuclear factor 4 alpha (HNF4-alpha;

magnification, x4). The IHC stain for HNF4-alpha is positive in parts of the tumour.
The positive tumour cells corresponded to the acinar pattern in the H&E stain.
Diagnosis of IA is acinar predominance with invasive mucinous adenocarcinoma and
lepidic features.

Figure S4: High-resolution computed tomography (HRCT) and pathology reveal an
unclassifiable pattern of interstitial pneumonia (IP) in an invasive mucinous
adenocarcinoma patient. (a) A tumour with a pneumonic pattern within slight fibrosis
shows subpleural curve linear density. (b) Hematoxylin and eosin (H&E) stain
(magnification, x1) and (c) H&E stain, (magnification, x4). The pathological diagnosis
is unclassifiable IP with dense fibrosis and traction bronchioloectasis. Tumour is
primarily in the alveolar space. Goblet type tumour cells line the alveolar wall closely
associated with fibrosis. (d) H&E stain (magnification, x4) The image vaguely shows
the margin of this case is consistent with floating tumour cells within the alveolar
air-space with mucin accumulation and inflammatory cell infiltration.

Table 1: Clinical demographics of patients with invasive adenocarcinomas
Invasive

Other types

mucinous

of IA

adenocarcinoma
N=14

N=28

Sex (male/female)

10/4

22/6

Age (years)

68.4±12.0

70.5±7.0

Smoking index (packyear)

38±33

54±35

13/1

27/1

Medical health examination

4

8

Symptom

1

3

Follow up for respiratory diseases

5

13

Follow up or evaluation of other diseases

4

4

7

20

13

25

7/0/6

18/2/5

1

3

1/-/-

-/1/2

5/2/7

10/6/12

11/3/0

6/16/6

12/1/1/0

6/8/5/9

FVC (L)

3.35±0.84

3.35±0.86

%FVC (%)

99.8±7.33

105.0±15.3

FEV1.0 (L)

2.58±0.68

2.41±0.67

%FEV1.0 (%)

95.3±11.0

94.5±16.4

%DLco (%)

85.6±27.1

73.8±17.5

%DLCO/VA (%)

72.1±16.1

65.4±16.4

Former or current / never
The reason for radiographic examination

Chest x-ray or CT because of:

Combined emphysema on CT
Clinical diagnosis of interstitial pneumonia
Idiopathic interstitial pneumonia
	
 

IPF/NSIP/Unclassifiable

Alternative course of interstitial pneumonia
MPA/PM/CHP
CT pattern of interstitial pneumonia
UIP/Possible/Inconsistent with UIP pattern
Performance status a

0/1/Unknown

mMRC dyspnoea score b 0/1/2/Unknown
Pulmonary function test

Serum biomarkers

KL-6 (U/mL)

644±350

706±379

SP-D (ng/mL)

136±46.8

179±132

a

Fisher’s exact test p < 0.01.

b

Pearson chi-square test p < 0.01.

Abbreviation list: CHP, chronic hypersensitivity pneumonitis; CT, computed
tomography; DLCO, diffusing capacity of the lung carbon monoxide; FEV1.0, forced
expiratory volume in one second; FVC, forced vital capacity; IA, invasive
adenocarcinoma; IPF, idiopathic pulmonary fibrosis; KL-6, Krebs von den Lungen-6;
mMRC, modified Medical Research Council; MPA, macroscopic polyangiitis; NSIP,
nonspecific interstitial pneumonia; PM, polymyositis; SP-D, surfactant protein-D; UIP,
usual interstitial pneumonia; VA, alveolar volume.

Table 2: Lung cancer profiles of patients with invasive adenocarcinoma
Invasive mucunous

Other types

adenocarcinoma

of IA

N=14

N=28

Mass/nodular type

1

24 a

Pneumonic type

13 a

4

CT pattern

Tumour location and association with pulmonary parenchymal lesion
Adjacent to fibrocystic lesion

11

15

Mass/nodular type

0

11

Pneumonic type

11

4

Adjacent to emphysematous lesion 1

8

Located in normal lung

2

5

RUL/LUL

0/1

6/2

RML

2

2

RLL/LLL

7/4

12/6

0/2/12

1/1/26

Lobectomy

14

26

Partial resection

0

2

Tumour location

Diagnostic procedure
TBLB / CTNB / Surgery
Surgical procedure

Tumour size (mm)

44.8±23.9 b

29.5±15.0 b

Pathological stage
IA

(T1a,bN0)

3

5

IB

(T2aN0)

7

6

IIA

(T2bN0/T1-2aN1)

2/0

0/3

IIB

(T3N0/T2bN1)

2/0

2/1

IIIA

0

10

IIIB

0

1

a

Fisher’s exact test p < 0.0001.

b

Mann-Whitney U test p < 0.05.

Abbreviation list: CT, computed tomography; CTNB, CT-guided needle biopsy; IA,
invasive adenocarcinoma; LLL, left lower lobe; RLL, right lower lobe; LUL, left upper
lobe; RML, right middle lobe; RUL, right upper lobe; TBLB, transbronchial lung biopsy.

Table 3: High-resolution computed tomography findings in patients with invasive
adenocarcinoma in whom the tumour is adjacent to a fibrocystic lesion
Invasuve mucinous

Other types of IA

adenocarcinoma
Pneumonic pattern

Mass/nodular pattern

(N=11)

(N=11)

	
  Vaguely outlined margin

10*

1*

	
  Lobular-bounded margin

11*

1*

	
  Lobulation

11

11

	
  Spiculation

9

9

	
  Air bronchogram

11*

3*

	
  Bubble-like low attenuation

8**

2**

	
  Computed tomography angiogram sign

5**

0**

	
  Mixed GGO and consolidation

7***

1***

	
  Pure consolidation

4***

10***

	
  Vascular convergence

10

9

	
  Pleural indentation

2

4

	
  Consolidation

4

2

	
  Nodular / mass shadow

2

5

	
  Unidentifiable of tumour

2

4

	
  Linear opacity

2

0

	
  Not examined

1

-

Tumour margin

Internal structure

Computed tomography attenuation

Surrounding structure

Chest x-ray findings

 *p < 0.0001 (Fisher’s exact test); **p < 0.05; and ***:p < 0.01
Abbreviation list: GGO, ground-glass opacity; IA, invasive adenocarcinoma.

Table 4: Radiological, pathological, and multidisciplinary discussion diagnosis of interstitial pneumonia with a pathological
association between tumour location and fibrotic lesions
Case

Age

Sex

CT diagnosis

Pathological

MDD diagnosis

diagnosis

	
 

Tumour association
	
 

Fibrosis type

with fibrosis

1

68

F

Inconsistent with UIP

Unclassifiable

IIP/unclassifiable

Positive

DF

2

77

M

Possible UIP

UIP

IPF

Positive

DF

3

79

F

Inconsistent with UIP

Unclassifiable

IIP/unclassifiable

Positive

DF, HC

4

71

F

UIP

Probable UIP

MPA/UIP

Positive

DF, HC

5

71

M

UIP

Probable UIP

IPF

Positive

DF, HC

6

56

M

Inconsistent with UIP

UIP

IPF

Positive

DF, HC

7

60

M

UIP

UIP

IPF

Positive

DF, HC

8

72

M

Inconsistent with UIP

UIP

IIP/unclassifiable

Positive

PF

9

75

M

Possible UIP

Probable UIP

IPF

Positive

DF

10

83

M

UIP

Probable UIP

IPF

Positive

DF, HC

11

61

M

Inconsistent with UIP

Unclassifiable

IIP/unclassifiable

Positive

DF

Abbreviation list: DF, dense fibrosis with patchy involvement; HC, honeycomb fibrosis; IIP, idiopathic interstitial pneumonia; IPF,
idiopathic pulmonary fibrosis; MDD, multidisciplinary discussion; MPA, microscopic polyangiitis; PF, perilobular fibrosis with alveolar
collapse; UIP, usual interstitial pneumonia.

ﬁgur
e1

ﬁgur
e2

ﬁgur
e3(
ac
)

ﬁgur
e3(
dg)

