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Abstract

Abstract Purpose: To compare pathological prognostic factors of small lung adenocarcinomas with findings of con-
trast-enhanced dynamic computed tomography (CT) scans. Materials and methods: We evaluated 108 patients with
lung adenocarcinomas� 30 mm in diameter who underwent dynamic CT scans (80�96 ml of contrast material,
2.5�3 ml/s injection) and tumor resections. Attenuation values of both the early phase (20�36 s after injection)
and delayed phase (91�95 s) of enhanced CT minus baseline plain CT attenuation were defined as �Early and
�Delay. The early enhancement ratio was defined as �Early/�Delay�100 (%). We statistically compared the early
enhancement ratios between the presence and absence of each pathological finding (lymph node metastasis, lym-
phatic permeation, vascular invasion, and pleural involvement). Patients were divided into 2 groups based on early
enhancement ratios: ratio �50% (n¼ 41) and ratio 550% (n¼ 67) and we statistically compared these 2 groups.
Results: The early enhancement ratios in the group with lymph node metastasis, lymphatic permeation, and vascular
invasion were significantly lower than in the group without these findings (24.9% vs 48.6%; P50.001, 30.0% vs 47.5%;
P¼ 0.002, and 26.5% vs 47.0%; P¼ 0.002, respectively). Lymph node metastasis, lymphatic permeation, and vascular
invasion were significantly more frequent in tumors with a ratio550% than in tumors with ratio �50% (P50.001,
P¼ 0.008, and P¼ 0.005, respectively). Conclusions: There was a significant correlation between the early enhance-
ment ratio of enhanced dynamic CT and the pathological prognostic factors in small lung adenocarcinomas.
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Introduction

Contrast-enhanced dynamic computed tomography (CT)
scans of lung cancers provide non-invasive quantitative
information regarding perfusion patterns that can be
used for the differential diagnosis between malignant
and benign pulmonary lesions[1�7]. Moreover, Shim
et al.[8] showed that peak enhancement of 110
Hounsfield units (HU) of stage T1 lung cancers on
dynamic CT were significantly associated with the pres-
ence of mediastinal or hilar nodal metastasis.

However, dynamic CT findings of lung adenocarci-
noma are affected not only by tumor angiogenesis but
also by fibrosis within the tumor. In a recent study, Iwano
et al.[9] showed that the degree of fibrosis within a stage I
lung adenocarcinoma tumor could affect the enhanced
pattern on dynamic CT. That is, there was a negative
correlation between the amount of fibrosis and the
enhancement grade at the early phase of contrast-
enhanced dynamic CT in solid types of lung adenocarci-
nomas. In addition, Maeshima et al.[10] reported that the
degree of fibrosis within a tumor was a useful prognostic
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factor for patients with small lung adenocarcinomas
(maximum diameter �30 mm). This indicated that
preoperative dynamic CT may be able to noninvasively
predict the prognoses of patients with small lung
adenocarcinomas.

Therefore, in this study, we focused on the pathological
prognostic factors (lymph node metastasis, lymphatic
permeation, vascular invasion, and pleural involvement)
of small lung adenocarcinomas and compared these
results with the findings of contrast-enhanced dynamic
CT scans.

Materials and methods

This retrospective study was approved by our institu-
tional review board with a waiver for informed consent.

Patients

We reviewed the medical records, postoperative patholog-
ical records, and preoperative multidetector row com-
puted tomography (MDCT) images of patients who
underwent surgical lung resections for primary lung ade-
nocarcinomas �30 mm in diameter in our hospital
between May 2006 and December 2010. Hilar lung ade-
nocarcinomas and nonsolid types of adenocarcinoma
that were invisible on mediastinal window settings for
thoracic CT were excluded. Patients heavier than 80 kg
were also excluded because the concentration of contrast
medium used per unit body mass was lower. We recorded
patient characteristics (age and body weight) from med-
ical records and tumor characteristics (size, location, scar
grade, and TNM classification (Union for International
Cancer Control (UICC) 7th edition) from pathological
records. The scar grade based on the report of Maeshima
et al.[10] is recorded routinely in our hospital in the patho-
logical records as an index of fibrosis in adenocarcinoma:
grade 1, adenocarcinoma without a desmoplastic reac-
tion; grade 2, sparse desmoplastic reaction; grade 3,
dense desmoplastic reaction with diameter of �10 mm;
grade 4, dense desmoplastic reaction with diameter
410 mm.

We selected 108 consecutive patients with small
peripheral lung adenocarcinomas for analysis (68 males
and 40 females; mean age 67 years; age range 43�84
years). Patient and tumor characteristics are summarized
in Table 1. The mean period between a dynamic CT and
thoracic surgery was 23 days.

Contrast-enhanced dynamic
CT scan protocol

All CT scans were performed with a 64-channel MDCT
scanner (Aquilion64; Toshiba Medical Systems, Tokyo,
Japan) in the craniocaudal direction with inspiratory
apnea. The scanning parameters were 120 kV and auto
mA (max. 450 mA). The gantry rotation time was 0.5 s.
The reconstruction thickness was 1 mm using a standard

algorithm. The volume CT dose index (CTDIvol) was
about 30 mGy for one scan. Iodine calibration was not
performed; routine calibration against air and water was
performed in accordance with the manufacturers�
recommendations[11].

Vascular access was by a cubital vein with a 20-G
needle. For vessel enhancement, 96 ml of nonionic con-
trast medium (Optiray 320, 320 mg I/ml ioversol, Tyco
Healthcare, Tokyo, Japan, or Iopamiron 370, 370 mg
I/ml iopamidol, Bayer Healthcare, Tokyo, Japan) was
used at a flow rate of 3.0 ml/s. Ioversol was used for
71 patients with body weight �60 kg and iopamidol
was used for 34 patients with body weight 460 kg. For
3 patients with body weights �40 kg, 80 ml of ioversol
was used at a flow rate of 2.5 ml/s. The injection was
immediately followed by a saline chaser bolus of 24 ml
at the same flow rate using a dual-barrel power injector
(Dual Shot GX, Nemoto Kyorindo, Tokyo, Japan).

For the early phase, the scan delay was evaluated by an
automatic bolus tracking system with a circular region of
interest (ROI) localized on the descending aorta at the
level of tracheal bifurcation. Scanning started automati-
cally when the attenuation of the ROI reached 150 HU.
For the delayed phase, the scan delay was 90 s after the
start of contrast medium injection. This preoperative CT
scan protocol was approved as a routine scan by an
institutional conference comprised of respiratory medi-
cine, thoracic surgery and radiology.

Analysis of dynamic contrast-enhanced
CT images

CT images were displayed on a commercial PACS viewer
(Rapideye Station, Toshiba Medical Systems, Tokyo,
Japan) at mediastinal window settings (window width

Table 1 Characteristics of patients and
tumors

Characteristics Value

Age (years), mean� SD 67� 8
Body weight (kg), mean� SD 56.8� 9.2
Tumor size (mm), mean� SD 20.6� 5.9
Pulmonary lobe (n)

Right upper lobe 41
Right middle lobe 6
Right lower lobe 19
Left upper lobe 26
Left lower lobe 16

Pathological stage (n)
I 84
II 12
III 11
IV 1

Scar grade (n)
Grade 1 26
Grade 2 55
Grade 3 18
Grade 4 9
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of 350 HU and window center of 40 HU). For the quan-
titative analysis of each CT image, the ROIs were placed
on 3 images of 1-mm slice thickness in the central part of
the tumor, and the median value of 3 ROIs was recorded.
A chest radiologist with 16 years of experience reading
thoracic CTs drew polygonal ROIs over the tumor with-
out knowledge of the pathological findings. The ROI was
drawn as large as possible in order to minimize noise,
but care was taken to avoid partial volume effects
(Figs. 1�3). To avoid interfusion of air space, the
reader magnified the image for display on the viewer,
and drew the lines of ROIs inside the boundary of
tumors. The ROIs were confirmed by another radiologist.
The attenuation values of both the early phase and the
delayed phase of enhanced CT minus the baseline plain
CT attenuation were defined as �Early and �Delay.
The early enhancement ratio was defined as �Early/
�Delay�100 (%). The early enhancement ratio indicated
the proportion of early to delayed enhancement. Thus,
tumors with a high early enhancement ratio were subs-
tantially enhanced in the early phase. At the same time,
the delay times of the enhanced CT images on which
ROIs were drawn were recorded from the DICOM
image tag.

Statistical analysis

We statistically compared the early enhancement ratios
between the presence and absence of each pathological
finding (lymph node metastasis, lymphatic permeation,
vascular invasion, and pleural involvement) by t tests.
Patients were then divided into 2 groups based on the
early enhancement ratio: early enhancement (early
enhancement ratio �50%, n¼ 41) and delayed

enhancement (early enhancement ratio 550%, n¼ 67).
We statistically compared these 2 groups. Clinical
characteristics (age, weight, and tumor size) were com-
pared by t tests. Pathological findings were compared
by chi-square tests. Scar grades were compared by
Mann�Whitney U tests. Excel 2007 (Microsoft Corp.,
Redmond, WA) and SPSS version 16 (SPSS, Inc.,
Chicago, IL) were used for analyses. A P value 50.05
was considered statistically significant.

Results

For all adenocarcinomas evaluated, the mean� SD of
�Early, �Delay, and the early enhancement ratio were
20� 15 HU, 45� 18 HU, and 44� 32%, respectively.
The scan delay times ranged from 20 to 36 s
(mean¼ 27 s) at the early phase and from 91 to 95 s
(mean¼ 92 s) at the delayed phase.

Table 2 shows the results for the early enhancement
ratios for the presence and absence of 4 pathological
findings. The early enhancement ratio in the group with
lymph node metastasis was significantly lower than that
in the group without lymph node metastasis (P50.001).
The early enhancement ratio in the group with lymphatic
permeation was significantly lower than that in the group
without lymphatic permeation (P¼ 0.002). The early
enhancement ratio in the group with vascular invasion
was significantly lower than that in the group without
vascular invasion (P¼ 0.002). The early enhancement
ratio in the group with pleural involvement was lower
than that in the group without pleural involvement,
although the difference was not significant (P¼ 0.089).

Table 3 shows the results for comparisons between
early enhancement tumors and delayed enhancement

Figure 1 (A) Adenocarcinoma tumor of scar grade 2 in the left upper lobe. (B) The CT attenuation value before
contrast injection was 27 HU. (C) The attenuation value at early phase was 61 HU. (D) The attenuation value at delayed
phase was 68 HU. The early enhancement ratio was 82.9%. Lymph node metastasis, lymphatic permeation, vascular
invasion, and pleural involvement were not observed in the pathological findings. The yellow lines show the ROI settings.
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tumors. There were no significant differences between
the 2 groups for patients� characteristics (age, body
weight) and tumor size. For the pathological findings,
lymph node metastasis, lymphatic permeation, and vas-
cular invasion were significantly more frequent in the
delayed enhancement tumors than in the early enhance-
ment tumors (P50.001, P¼ 0.008, and P¼ 0.005,
respectively). However, there were no significant differ-
ences between the 2 groups for pleural involvement
(P¼ 0.515). In addition, higher scar grade neoplasms

were significantly more frequent in the delayed enhance-
ment neoplasms (P¼ 0.001; Fig. 4).

Discussion

Lung adenocarcinomas typically have varying amounts of
fibrosis. Several histopathological studies have shown
that the amounts of intratumoral fibrosis were signifi-
cantly correlated with patients� prognoses. Noguchi

Figure 3 (A) Adenocarcinoma tumor of scar grade 3 in the right upper lobe. (B) The CT attenuation value before
contrast injection was 34 HU. (C) The attenuation value at early phase was 47 HU. (D) The attenuation value at delayed
phase was 71 HU. The early enhancement ratio was 35.1%. Mediastinal lymph node metastasis, lymphatic permeation,
vascular invasion, and pleural involvement were observed in the pathological findings. The yellow lines show the ROI
settings.

Figure 2 (A) Adenocarcinoma tumor of scar grade 3 in the right lower lobe. (B) The CT attenuation value before
contrast injection was 24 HU. (C) The attenuation value at early phase was 46 HU. (D) The attenuation value at delayed
phase was 72 HU. The early enhancement ratio was 45.8%. Lymphatic permeation, and vascular invasion, and pleural
involvement were observed in the pathological findings. The yellow lines show the ROI settings.
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et al.[12] classified small lung adenocarcinomas into 6
subtypes based on tumor growth patterns and showed
that active fibroblastic proliferation in the scar was an
important prognostic factor for peripheral-type small ade-
nocarcinomas of the lung. Maeshima et al.[10] adopted
the scar grade as a semi-quantitative index of fibrosis
within lung adenocarcinoma and reported that it was
significantly correlated with the pathological stage and
prognosis of patients with small adenocarcinomas in
the lung. In addition, they reported that the relationship
between the scar grades was significantly associated with
lymph node metastasis, lymphatic permeation, vascular
invasion, and pleural invasion. Therefore, if we can non-
invasively evaluate the degree of intratumoral fibrosis and
the prognosis based on preoperative diagnostic imaging,
it may be useful for planning the therapeutic strategies
for patients with small adenocarcinomas. Many investi-
gators have reported that nonsolid type adenocarcinomas
on high-resolution CT, which included no fibrosis, had
better prognoses[13�15]. However, there has been little
in the way of radiological methods to quantify the
amounts of intratumoral fibrosis in solid types of lung
adenocarcinomas.

The early enhancement ratio is valuable for evaluating
intratumoral fibrosis[9]. Contrast enhancement of small

lung adenocarcinomas in the early phase, when the con-
trast agent is predominantly in the intravascular compo-
nent, is negatively correlated with the degrees of fibrosis
within the neoplasms. This may result from the smaller
intratumoral blood spaces and blood flow in those neo-
plasms with abundant fibrosis, resulting in an absolutely
lower volume of contrast inflow into this type of tumor.
In contrast, when there are enhancements in the delayed
phase, when contrast enhancement depends primarily on
extravascular�extracellular components, neoplasms with
abundant internal fibrosis show prominent enhancement
in the delayed phase due to an increased extravascu-
lar�extracellular component[1]. Therefore, the early
enhancement ratio can reflect the amount of intratumoral
fibrosis.

Iwano et al.[9] showed that contrast-enhanced dynamic
CT findings could semi-quantify fibrosis in solid and
partly solid types of adenocarcinomas. That is, the early
enhancement ratio of a dynamic CT was significantly
and negatively correlated with the degree of fibrosis
within the neoplasms. Therefore, we also adopted the
early enhancement ratio as an index of intratumoral con-
trast enhancement in the present study. As a result, the
group of delayed enhancement neoplasms with early
enhancement ratios 550% included significantly more

Table 2 Comparisons of early enhancement ratios between the presence and absence of patho-
logical findings

Pathological findings Present(þ) or absent (�) n Early enhancement
ratio (%)

P value

Lymph node metastasis (þ) 21 24.9� 16.1 50.001
(�) 87 48.6� 33.5

Lymphatic permeation (þ) 22 30.0� 18.2 0.002
(�) 86 47.5� 34.1

Vascular invasion (þ) 16 26.5� 20.1 0.002
(�) 92 47.0� 33.1

Pleural involvement (þ) 57 39.0� 29.4 0.089
(�) 51 49.5� 34.6

P values were determined by t tests.

Table 3 Comparisons between early enhancement tumors (early enhancement ratio �50%) and
delayed enhancement tumors (early enhancement ratio550%)

Early enhancement
tumors

Delayed enhancement
tumors

P value

Number of cases 41 67
Age (years) 67� 9 67� 7 0.687
Weight (kg) 58.9� 10.0 55.5� 8.6 0.067
Tumor size (mm) 19.3� 6.1 21.4� 5.7 0.079
Pathological findings

Lymph node metastasis (N1�2) 1 (2.4) 20 (29.9) 50.001
Lymphatic permeation (ly1) 3 (7.3) 19 (28.4) 0.008
Vascular invasion (v1) 1 (2.4) 15 (22.4) 0.005
Pleural involvement (pl1�3) 20 (48.8) 37 (55.2) 0.515

Numbers in parentheses are percentages. P values for age, weight, and tumor size were determined by t tests. P values
for pathological findings were determined by chi-square tests.
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adenocarcinomas with extensive fibrosis. As noted above,
Maeshima et al.[10] reported that the degree of fibrosis
within small lung adenocarcinomas was significantly cor-
related with the pathological stage and the prognosis of
the patients. They indicated that a preoperative dynamic
CT could noninvasively predict the prognosis of patients
with lung adenocarcinoma. Therefore, in the present
study, we also investigated the possible correlation
between the preoperative dynamic CT findings and the
postoperative histopathological findings that affect
prognosis.

Based on our results, our prediction has turned out to
be correct. The early enhancement ratios of neoplasms
that had lymph node metastasis, lymphatic permeation,
and vascular invasion were significantly lower. In addi-
tion, in those neoplasms with low early enhancement
ratios (550%), lymph node metastasis, lymphatic perme-
ation, and vascular invasion were significantly more fre-
quent. These findings indicate that dynamic CT findings
of small adenocarcinoma are useful for predicting prog-
nosis. In addition, a dynamic CT may be able to nonin-
vasively evaluate intratumoral fibrosis and predict
prognosis before surgery; the scar grade can predict prog-
nosis only after surgery. Our data demonstrated that even
a small adenocarcinoma could metastasize to hilar or

mediastinal lymph nodes. If we can predict high invasive-
ness of a tumor by preoperative dynamic CT findings, we
may prevent residual lymph node metastases by means of
proper removal of the lymph nodes.

The early enhancement ratio was significantly corre-
lated with vascular and lymphatic vessel invasion, but
was not significantly correlated with pleural involvement.
We suggest the reason is that pleural involvement is influ-
enced not only by tumor progression but also by the
distance between the tumor and the pleura. In addition,
the early enhancement ratio might reflect factors
involved with tumor vessel invasion. Several studies
have reported that vascular endothelial growth factor
(VEGF), which promotes proliferation of tumor blood
and lymphatic vessels, affected the dynamic CT findings
of lung adenocarcinomas[16�18]. Further investigation is
needed to determine the relationship between fibrosis
and angiogenesis in lung adenocarcinoma.

This retrospective study has 3 limitations. First, we
reviewed postoperative pathological records to evaluate
the pathological prognostic factors, although we did not
evaluate survival rates after surgery. However, many stu-
dies have provided evidence that lymph node metastasis,
lymphatic permeation, and vascular invasion are prognos-
tic factors for peripheral lung adenocarcinomas. Second,
we investigated dual-phase dynamic scans using single-
source MDCT in this study. Recently, several studies
have demonstrated the usefulness of perfusion CT ima-
ging using dual-source MDCT for the differentiation
between benign and malignant lesions and the assess-
ment of tumor angiogenesis[19�23]. Perfusion CT imaging
may allow more accurate evaluation of angiogenesis in
lung adenocarcinoma. Third, we could not use automatic
segmentation software to measure the attenuation value
of whole tumor. As an alternative, we measured the 3
ROIs in the central part of the tumor. Therefore, our
results may contain some measurement error although
the ROI was drawn as large as possible in order to min-
imize noise, but care was taken to avoid partial volume
effects.

In conclusion, there was a significant correlation
between the early enhancement ratio of enhanced
dynamic CT and the pathological prognostic factors of
small lung adenocarcinomas. In those tumors with low
early enhancement ratios (550%), lymph node metasta-
sis, lymphatic permeation, and vascular invasion were
significantly more frequent. Dynamic CT findings were
modified by the degree of fibrosis within a lung tumor.
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