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Ex-vivo 1.5T MR Imaging versus CT in Estimating the Size of the
Pathologically Invasive Component of Lung Adenocarcinoma

Spectrum Lesions

Daisuke Yamada1, Masaki Matsusako1*, Daisuke Yoneoka2, Katsunori Oikado3,
Hironori Ninomiya4, Taiki Nozaki1, Mitsutomi Ishiyama3, Akari Makidono5,

Mizuto Otsuji6, Harumi Itoh7, and Hiroya Ojiri8

Purpose: The purpose of this study was to investigate whether ex-vivoMRI enables accurate estimation of
the invasive component of lung adenocarcinoma.

Methods: We retrospectively reviewed 32 patients with lung adenocarcinoma who underwent lung
lobectomy. The specimens underwent MRI at 1.5T. The boundary between the lesion and the normal
lung was evaluated on a 5-point scale in each three MRI sequences, and a one-way analysis of variance and
post-hoc tests were performed. The invasive component size was measured histopathologically. The
maximum diameter of each solid component measured on CT and MR T1-weighted (T1W) images and
the maximum size obtained from histopathologic images were compared using the Wilcoxon signed-rank
test. Inter-reader agreement was evaluated using intraclass correlation coefficients (ICC).

Results: T1W images were determined to be optimal for the delineation of the lesions (P < 0.001). The
histopathologic invasive area corresponded to the area where the T1W ex-vivo MR image showed a high
signal intensity that was almost equal to the intravascular blood signal. The maximum diameter of the solid
component on CT was overestimated compared with the maximum invasive size on histopathology (mean,
153%; P < 0.05), while that on MRI was evaluated mostly accurately without overestimation (mean, 108%;
P = 0.48). The interobserver reliability of the measurements using CT and MRI was good (ICC = 0.71 on
CT, 0.74 on MRI).

Conclusion: Ex-vivoMRI was more accurate than conventional CT in delineating the invasive component
of lung adenocarcinoma.

Keywords: ex-vivo magnetic resonance imaging, invasive component, lung adenocarcinoma, noninvasive
alveolar collapse

Introduction

Lung cancer, among the most common malignant neoplasms
worldwide, is the leading cause of cancer-associated mortal-
ity in both sexes. The Fleischner Society’s recommendations
and findings of the Lung Cancer Screening Committee of the

American College of Radiology Lung CT Screening
Reporting and Data System suggest that the type and size
of the nodule effectively indicate nodule management for
reducing lung-cancer-specific mortality.1–6

The definition of the invasive component of lung ade-
nocarcinoma remains under debate. According to the
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multidisciplinary classification of the International Association
for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society, a maximum dimension cut-
off value of 0.5 cm for pathologically invasive components
is a key criterion in differentiating invasive adenocarci-
noma from minimally invasive adenocarcinoma (MIA).
The invasive component size is significantly associated
with survival.7–10 Therefore, an image-based assessment
of pathologically invasive components is desirable.
Although CT-based evaluation of the invasive component
of lung adenocarcinoma has been previously reported, the
accurate detection of the extent of invasion by CT is often
challenging11,12 since the solid components on CT include
myofibroblastic interstitium, alveolar collapse, fibrosis,
inflammatory cell infiltration, and mucus retention, along
with invasive foci in pathology.13 The cut-off size for
detecting invasion on CT could be larger than the actual
size of the invasive component, and more accurate methods
to measure the invasive diameter should be developed.

While the lung nodules have been commonly evaluated
using CT, the clinical utility of MRI is fairly limited because
of the rapid MR signal attenuation attributed to the inhomo-
geneity of the magnetic field. The latter is caused by the
surrounding lung air and motion artifacts owing to low water
content and cardiac and respiratory motion. Recently, new
MRI techniques, such as pulmonary MRI with ultra-short TE
(UTE-MRI), have been applied to lung diseases.14–18

However, to the best of our knowledge, no study has reported
on the detailed evaluation of the internal properties of lung
cancer by high-resolution MRI.

This study aimed to investigate whether high-resolution
ex-vivoMRI can accurately estimate the invasive component
of lung adenocarcinoma by analyzing the characteristics of
the signal intensity onMR images of each component of lung
adenocarcinoma.

Materials and Methods

Ethics statement
This study was approved by the Institutional Review Board
of St. Luke’s International Hospital (approved no. 20-R016).
The requirement of informed consent was waived owing to
the retrospective nature of the study.

Patient population
The present study is a retrospective study using data from a
previous study conducted at our institution. Prior to conducting
this study, we obtained permission from our Ethics Review
Committee to obtain comprehensive consent from the patients
(approval number: 12-R025). As a requirement for secondary
use, we again applied to the Research Review Board for
approval (approval number: 20-R016). We used electronic
medical records and picture archiving and communication sys-
tem (PACS) to identify consecutive patients who underwent
surgical resection to treat lungmalignancies between December

2007 and February 2010. Patients who underwent lobectomy or
total pneumonectomy were included. Those with a preoperative
CT scan performed up to 3months preoperatively and an MR
scan performed on a postoperative specimen were also
included. Patients who submitted a statement of nonparticipa-
tion, those who had not undergone a CT scan within 3months
prior to surgery, those who did not undergo an MRI scan of a
postoperative formalin-fixed lung specimen, and those whose
conditions were not histopathologically diagnosed as lung ade-
nocarcinoma were excluded. Patient data were collected for 32
cases and 32 nodules (Fig. 1). In all patients, clinical and
pathological classifications were determined based on the
2022 World Health Organization (Geneva) definitions.

Specimen processing
Formalin (20%) was injected into the lungs resected from the
bronchial stump. A special hanging case and infuser were
used for injecting formalin into the specimen under sufficient
pressure. The direction of the injector tip was changed during
injection to ensure uniform inflation of the entire specimen.
A small syringe was used to inject additional formalin, after
which a thin cap was inserted into the bronchial stump,
closed, and finally sutured with silk sutures.

CT examination
All the CT images were acquired using a CT system
(Aquilion; Canon Medical Systems, Tochigi, Japan) with
the following parameters (120-kV tube voltage, 100–500
mA tube current, 32 mm collimation, 0.844 pitch, 320mm
FOV, and 512 × 512 matrix). Horizontal sectional slices were
reconstructed at 5.0- and 1.0-mm intervals using the FC04,
window width (WW): 350, window length (WL): 50 and filter
convolution: 30, WW: 1500, andWL: −600 algorithms for the
soft tissue and lung field conditions, respectively. Multiplanar
reconstructions were acquired in coronal and sagittal planes at
2.5 mm intervals for the lung field conditions.

MRI examination
The formalin-injected resected lung was set to reproduce the
in-vivo condition (supine position), and was stabilized with
sponges. A 1-channel knee coil was used in a 1.5T imaging
unit (Achieva; Philips Medical Systems, Best, the
Netherlands). The imaging protocol was as follows: FOV,
20 cm; matrix, 512 × 512; slice thickness, 3 mm; number of
excitations, 4; and T1-weighted (T1W; TR/TE 500/15),
T2-weighted (T2W; TR/TE 5000/100), formalin attenuated
inversion recovery images (FAIR) (TR/TE/ inversion time
[TI] 11000/120/1800) were acquired. For FAIR images, the
optimal TI to nullify the formalin signal was determined in
advance. In the ex-vivoMR images, the normal parenchyma of
the lungs was low signal intensity on T1W images, high signal
intensity on T2W images, and low signal intensity on FAIR
images. The intrapulmonary vessels revealed high signal
intensity on T1W images, low signal intensity on T2W
images, and high signal intensity on FAIR images (Fig. 2).
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Correlation of preoperative CT and MR images
of the resected lung specimen and histopathologic
findings
The pathologic diagnosis of all 32 lesions was made by one
pulmonary pathologist (with 15 years of experience), who
classified the tumors according to the 2022 World Health

Organization (Geneva) definitions and assessed the histolo-
gic growth pattern (lepidic, acinar, papillary, micropapillary,
or solid pattern) to review the histopathologic aspects; per-
centages for each were tabulated at 5% intervals. Any histo-
logical type other than lepidic growth pattern was considered
an invasive component.

Fig. 1 Flowchart of patient selection and demographics. A flowchart of 118 consecutive patients who underwent surgery for malignant lung
tumor resection at our hospital. Thirty-two patients were included.

Fig. 2 Signal intensities of normal lung structures on ex-vivo MRI. (a) T1W image, (b) T2W image, (c) FAIR image. The normal lung
parenchyma and bronchi (arrows) filled with formalin show a low signal intensity on the T1W image, a high signal intensity on the T2W
image, and a low signal intensity on the FAIR image, which suppressed the formalin signal. The blood vessels in the lung show a high signal
intensity on the T1W image, a low signal intensity on the T2W image, and a high signal intensity on the FAIR image (arrowheads). The blood
vessels in the lungs show signal intensity that reflects the hematological components inside. B, bronchi; FAIR, formalin attenuated inversion
recovery; T1W, T1-weighted; T2W, T2-weighted; V, blood vessel.

Ex-vivo MRI versus CT
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In the 8th staging system, the size of the solid or invasive
component is measured as the determinant of T factor. The
size of the invasive foci was defined as the long axis diameter
in accordance with the current pathology guidelines. For
multiple invasive foci, the long axis diameter of the largest
focus was used.

It was previously reported that the proliferation of active
fibroblasts and destruction of the elastic fiber framework,
which is the supporting structure of the alveoli, indicated
tumor invasion.19 Therefore, we pathologically assessed
both the fibroblastic proliferation by hematoxylin and eosin
staining and the elastic fiber framework by Elastica van
Gieson staining. Noninvasive alveolar collapse was defined
as a focus of the structural alveolar collapse with no active
fibroblast proliferation and preserved elastic fiber skeleton,
and its presence or absence was evaluated.20

Two observers (a thoracic radiologist with 8 years of
experience and another thoracic radiologist with 36 years of
experience) reviewed all CT and MRI findings. The readers
evaluated the nodules on CT with a 1-mm slice and on MRI
with a 3-mm slice. They rated the degree to which the
boundary between the lesion and the normal lung was clearly
demarcated in the three MRI sequences (T1W, T2W,
and FAIR sequences) on a 5-point scale (5, Excellent;
4, Good; 3, Fair; 2, Poor; and 1, Failure).

Subsequently, referring to the pathologic findings, we
determined by consensus which signal region in the MR
image best matched the pathologic invasive area of the
lung adenocarcinoma and defined this as the solid compo-
nent in the MR image. After 3 months, the same observers
independently measured the maximum diameter of the solid
component on CT and MRI. The readings were obtained
randomly to prevent recall bias. Discrepant cases were
resolved by consensus.

The radiologic-pathologic invasiveness (RPI) ratio was
defined as the maximum diameter of each solid component
measured from CT and MRI divided by the maximum inva-
sive diameter obtained from the histopathologic images, and
the RPI ratio was calculated for each case.

Statistical analysis
A 5-point scale was employed to evaluate the lesion resolu-
tion of the three MRI sequences, and a one-way analysis of
variance was used to determine the superior sequence. The
Benjamini–Hochberg procedure was employed as a post-hoc
test. The RPI ratio of the lesions measured from CT and MRI
findings was evaluated for statistical significance using the
Wilcoxon signed-rank sum test. The correlation coefficients
between the maximum diameter of the solid component
measured by CT and MRI and the diameter of the invasion
on histopathology were calculated. The RPI ratios of the
lesions with and without noninvasive alveolar collapse, mea-
sured by CT and MRI, were evaluated for statistical
significance using the Wilcoxon signed-rank sum test. The
inter-reader agreement was evaluated using the intraclass

correlation coefficient (ICC). Statistical analysis was per-
formed using the R statistical software (version 4.1.0;
R Foundation for Statistical Computing, Vienna, Austria).
P < 0.05 was considered statistically significant.

Results

Characteristics of the participants and tumors
Demographic data for the 32 study participants are shown in
Table 1. The lobar location of the nodules was the right
upper, right middle, right lower, left upper, and left lower
lobe in 6, 3, 10, 7, and 6 cases, respectively. The overall
nodule size was 26.49 (± 11.69) mm on CT. The preopera-
tive clinical N classification was N2 in only two patients. No
distant metastases were observed.

Histopathologic characteristics of the tumors
The histologic characteristics of the 32 lung adenocarcino-
mas are shown in Table 1. The pathologic N classification
was N2 in only two cases.

CT-MRI-pathologic correlation analysis
The mean score for lesion resolution for the three MRI
sequences was 4.33 (± 1.00) for the T1W images, 3.04
(± 0.98) for T2W images, and 3.37 (± 1.18) for FAIR
images (P < 0.001). Consequently, we decided to use T1W
images to measure the solid component of the lesions in this
study. Furthermore, the high signal intensity area that was
nearly the same as the intravascular blood signal in the T1W
images was considered to reflect the pathological invasive
areas most accurately (Fig. 3). The pathologically noninva-
sive alveolar collapse was clearly distinguished from the
solid component on the T1W MR images, which showed a
higher signal intensity than the normal lung and lower mod-
erate signal intensity than the invasive area (Fig. 4).

Table 2 shows the size of the maximum invasion mea-
sured by CT, MRI, and histopathology. Pathologically inva-
sive size was 12.36± 14.41 mm. The solid component size
on CT was 18.92± 13.92 mm. The solid component size
on MRI was 13.29± 13.91. The maximum diameter of
the solid component measured by CT was an average of
153% larger than that measured by histopathology (RPI
ratio = 1.53); an overestimation with statistical significance
(P < 0.05) was noted. However, the maximum diameter of
the MRI solid component was an average of 108% larger
(RPI ratio = 1.08) (P = 0.48) (Table 2) (Fig. 5), with no
significant difference from the size of the maximum inva-
sion detected through pathologic diagnosis. The correlation
coefficient between CT and pathology was r = 0.76, and that
between MRI and histopathology was r = 0.93 (Fig. 6).

Table 3 shows the maximum diameter of invasion mea-
sured by CT, MRI, and histopathology, which were classified
according to the alveolar collapse status. In the group with
noninvasive alveolar collapse (n = 13), the pathologically
invasive size was 7.50± 7.23 mm. The solid component
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size on CT was 20.17± 11.71 mm, while that on MRI was
9.28± 5.17. The maximum diameter of the solid component
on CT was significantly overestimated by an average of
269% (RPI ratio = 2.69) compared with the maximum

invasion diameter on histopathology (P < 0.05). In contrast,
the maximum diameter of the MRI solid component was
measured an average of 124% larger (RPI ratio = 1.24)
(P = 0.18) (Table 3) (Fig. 7a) without any significant

Table 1 The histologic characteristics of the 32 lung adenocarcinomas.

Characteristics n (%)

Age (mean±SD) 58.56±10.10

Sex

Male 16 (50%)

Female 16 (50%)

Smoking history

Ever 22 (69%)

Never 10 (31%)

Type of nodules

Ground-glass nodule 0 (0%)

Part-solid nodule 22 (69%)

Solid nodule 10 (31%)

Clinical T
descriptoron CT

Clinical T descriptoron
ex-vivo MRI

Pathologic T
descriptor

Tis 0 (0%) 0 (0%) 3 (9%)

T1mi 2 (6%) 6 (6%) 4 (13%)

T1a 7 (22%) 10 (31%) 11 (34%)

T1b 13 (41%) 11 (34%) 8 (25%)

T1c 3 (9%) 3 (9%) 3 (9%)

T2a 5 (16%) 1 (3%) 2 (6%)

T2b 1 (3%) 0 (0%) 0 (0%)

T3 0 (0%) 0 (0%) 0 (0%)

T4 1 (3%) 1 (3%) 1 (3%)

Histologic type n (%)

AIS 4 (13%)

MIA 4 (13%)

Lepidic-predominant IA 9 (28%)

Acinar-predominant IA 1 (3%)

Papillary-predominant IA 9 (28%)

Micropapillary-predominant IA 3 (9%)

Solid-predominant IA 2 (6%)

Pleural invasion 4 (13%)

Lymphatic invasion 6 (19%)

Venous invasion 6 (19%)
AIS, adenocarcinoma in situ, IA, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma; SD, standard
deviation.
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difference. In the group without noninvasive alveolar col-
lapse (n = 19), pathologically invasive size was 12.36±
16.94 mm. The solid component size on CT was 18.06±
15.19 mm, while that on MRI was 16.03± 17. The max-
imum diameter of the solid component on CT was measured
an average of 115% larger than the maximum invasiveness
size on physical histology without any significant difference
(RPI ratio = 1.15) (P = 0.16). Similarly, the maximum dia-
meter of the MRI solid component was measured as an
average of 102% larger without any significant difference
compared to the maximum invasion diameter by histopathol-
ogy (RPI ratio = 1.02) (P = 0.86) (Table 3) (Fig. 7b). The
inter-reader agreement was favorable with ICCs 0.71 and
0.74 on CT and MRI, respectively.

Discussion

In this study, the areas that were considered to most accu-
rately reflect the pathologically invasive area were those that
showed a high signal intensity, nearly as high as the intra-
vascular blood signal in the T1WMR images. The maximum

diameter of the solid component on CT was significantly
overestimated by an average of 153% compared to the max-
imum diameter of the invasion on histopathology, whereas
the maximum diameter of the solid component on MRI was
nearly correct, measuring an average of 108% larger. In
particular, the invasion area was significantly overestimated
on CT, especially when noninvasive alveolar collapse was
present, while a more accurate diagnosis was possible with
MRI. Noninvasive alveolar collapse was also depicted as a
solid component on CT, which did not accurately reflect the
pathologic diameter of the invasion, suggesting that MRI
would be able to distinguish noninvasive collapse from the
invasive area. These results suggest that the preoperative
staging of the International Association for the Study of
Lung Cancer (IASLC) classification tends to be lower
when assessed by ex-vivo MRI than by CT scan, and is
more similar to postoperative pathology.

On ex-vivo MRI, the areas of lung adenocarcinoma that
pathologically show a lepidic growth pattern presumably
show a relatively lower signal intensity on T1W images
than the invasive areas as they are filled with formalin,

Fig. 3 Part-solid nodule on ex-vivo MRI. Images of a 49-year-old woman diagnosed with lung adenocarcinoma of the right lower lung.
(a) There is a part-solid nodule with an overall diameter of 23mm and a solid component of 16 mm (arrowheads) in the lower lobe of the
right lung on the CT image. (b) The region corresponding to the solid component on CT shows the same level of high signal intensity as the
blood vessels (arrow) on the T1W image (arrowheads). (c) The region corresponding to the solid component on CT shows the same
inhomogeneously low signal intensity as the blood vessels (arrow) on the T2W image. (d) The nodule shows higher signal intensity
compared to bronchi (arrow) on the FAIR image. (e) Histologically, the patient was diagnosed as having lepidic predominant non-mucinous
adenocarcinoma (60% lepidic, 40% micropapillary). This tumor consists primarily of L with a central I (hematoxylin-eosin stain). Panels
a–c show slices from the same level, and d shows a slice from the level of 6 mm to the caudal side than a–c. B, bronchi; FAIR, formalin
attenuated inversion recovery; I, area of invasion; L, lepidic growth of tumor cells; T1W, T1-weighted; T2W, T2-weighted; V, blood vessel.
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which produces a low signal intensity on T1W images. In
contrast, the invasive areas of lung adenocarcinoma show a
high signal intensity on T1W images because the invasive
areas are completely devoid of air content; therefore, there
is no formalin to fill them, which could attribute to the
relatively high signal intensity on T1W images.

Here, ex-vivo MRI demonstrated the potential to deter-
mine the size of the invasive component of lung adeno-
carcinoma more accurately than conventional CT, possibly

because ex-vivo MRI has better contrast resolution than
CT and provides better spatial resolution by increasing the
in-plane resolution and the number of excitations, which
improves the spatial resolution and enables a detailed
depiction of the lung microstructure. The CT measurement
diameter may be larger than the accurate size of the inva-
sive component, which is consistent with the results of this
study, as the invasive area, collapse, and fibrosis are all
depicted uniformly as solid components without tissue

Fig. 4 Lung adenocarcinoma with noninvasive alveolar collapse on ex-vivo MRI. Images of a 69-year-old man diagnosed with
adenocarcinoma of the lung with noninvasive alveolar collapse. (a) Most of the lesions show heterogeneous intermediate signal
intensity; however, there is a localized area of high signal intensity at the edge of the left side of the T1W image. (b) This is a schema
of the T1W image. The green, yellow, and red areas show the normal lung, intermediate-signal areas, and high-signal areas on the T1W
image, respectively. The area enclosed by the square is the area corresponding to histopathologic image (f). (c) Most of the lesions are
occupied by solid components on the CT image. (d) Histologically, non-mucinous adenocarcinoma (lepidic 70%, papillary 25%,
micropapillary 5%) is diagnosed. Most of the lesion consists of areas of lepidic growth of tumor cells with noninvasive alveolar collapse,
and the invasive foci are only observed at the left edge of the lesion (hematoxylin-eosin stain). (e) Low-magnification photomicrograph
shows areas of lepidic growth of tumor cells with noninvasive alveolar collapse that represent most of the lesion. (f) Low-magnification
photomicrograph shows the border area between the invasive lesion observed on the left edge of the lesion and the normal lung. T1W,
T1-weighted.

Table 2 Comparison of CT, MRI, and pathologically invasive size.

Diameter (mm) Average RPI ratio P

Pathologically invasive size (mean± SD) 12.36± 214.41**

Solid component size on MRI (mean± SD) 13.29± 199.73 1.08 0.48

Solid component size on CT (mean± SD) 18.92± 200.16 1.53 < 0.05*

*P < 0.05. **standard reference. RPI, radiologic-pathologic invasiveness; SD, standard deviation.

Ex-vivo MRI versus CT
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contrast on CT.13,21 In the present study, MRI was superior
to CT, especially in differentiating the noninvasive alveo-
lar collapse from the invasive component of lung
adenocarcinoma.

Several studies have been conducted on ex-vivo MR
images in other cancer types.22–25 Heitzman’s fixation
method, the specimen processing method adapted in this
study, has been used for radiologic-pathologic correlation
in various investigations to better understand the relationship
between lung disease and lung anatomy. However, it has
been limited to radiography and CT for both purposes.26,27

No studies, to date, have used ex-vivo MRI in lung cancer

research. Early detection of lung cancer and characterization
of lung nodules are important challenges in radiology, and, to
date, this role has been dominated by CT; however, UTE, a
new sequence, has demonstrated that MRI can nearly com-
pete with CT in lung nodule detection.14,15 Although this
study involved ex-vivo MR examination, its results suggest
that MRI may allow for a detailed analysis of the internal
properties of lung cancer. Recently, not only conventional
CT but also PET/CT and PET/MRI have been utilized for
lung cancer staging in clinical practice.28,29 In addition,
whole-body MRI, which can evaluate the size of local
invasion, the presence or absence of lymph node metastases,

Fig. 6 Scatter plot and correlation coefficient showing direct com-
parisons of the pathologically invasive size with largest dimensions
of solid components on CT and those on MRI. The blue dots show
direct comparisons of pathologically invasive size with largest
dimensions of the solid components on MRI. The orange dots
show direct comparisons of the pathologically invasive size with
largest dimensions of solid components on CT. The correlation
coefficient between CT and pathology was r = 0.76, and that
between MRI and histopathology was r = 0.93.

Fig. 5 Scatter plot showing direct comparisons of the pathologi-
cally invasive size with largest dimensions of solid components on
CT and those on MRI. The blue dots show the maximum diameter
of the solid component of the lesion onMRI in each case. The green
and orange dots show the maximum diameter of the solid compo-
nent of the lesion on CT and the diameter of the invasion on
histopathology, respectively.

Table 3 Comparison of CT, MRI, and pathologically invasive size with or without noninvasive alveolar collapse.

With noninvasive alveolar collapse
(n = 13)

Without noninvasive alveolar collapse
(n = 19)

Diameter (mm) Average RPI
ratio* P Diameter (mm) Average RPI

ratio* P

7.50± 56.58** 12.36± 214.41**

9.28± 29.14 1.24 0.33 16.03± 305.06 1.02 0.86

Pathologically invasive size (mean ± SD)

Solid component size on MRI (mean ± SD) 

Solid component size on CT (mean ± SD) 20.17± 148.54 2.69 < 0.05* 18.06± 243.78 1.15 0.16

*P < 0.05. **standard reference. RPI, radiologic-pathologic invasiveness; SD, standard deviation.
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and the presence or absence of metastases in other organs, is
now being studied for cancer staging.30 In the future, the
usefulness of MRI will be further demonstrated in the treat-
ment of lung cancer. We believe that our study will be a
cornerstone of MRI research, especially with regard to tumor
invasion.

Limitations
This study has several limitations. First, it is a single-center,
retrospective study; hence, selection bias may exist. Second,
few cases were included, and more patients with invasive
tumors than noninvasive tumors were included as we
recruited patients who had undergone surgery for lung can-
cer. Third, the study utilized ex-vivo MR images of tissue
specimens with formalin, and respiratory motion or time
constraints were absent. Specifically, as the imaging methods
and conditions are different from those of actual in-vivo MR
images, the present imaging sequence cannot be applied
directly to in-vivo MR images. Fourth, the latest MRI tech-
nology was not used, and determination of the invasive
component was limited to the evaluation of T1W images
only. Nevertheless, the study of the most basic sequence
and T1W and T2W images would be useful in future MRI
studies.

Conclusion

We could more accurately delineate the invasive component
of lung adenocarcinoma with ex-vivoMRI than with conven-
tional CT. In particular, the present study showed the

possibility that MRI would be able to distinguish noninva-
sive collapse from the invasive area. MRI has the potential to
more accurately delineate the invasive component in pul-
monary nodules and to reflect more accurate staging.
Therefore, further studies using in-vivo MRI are needed. In
the future, MRI may be useful in the analysis of the internal
characteristics of lung cancer in clinical practice.
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