
Open Journal of Radiology, 2019, 9, 105-114 
http://www.scirp.org/journal/ojrad 

ISSN Online: 2164-3032 
ISSN Print: 2164-3024 

 

DOI: 10.4236/ojrad.2019.92010  May 6, 2019 105 Open Journal of Radiology 
 

 
 
 

Quantitative CT Indexes and CT Visual Score in 
Interstitial Lung Abnormality as Indicators of 
Concurrent Lung Cancer 

Akihiro Hotta1*, Kazuhiro Suzuki1, Mariko Fukui2, Katsutoshi Ando3,  
Kenji Suzuki2, Ryohei Kuwatsuru1, Kazuya Takamochi2 

1Departments of Radiology, Faculty of Medicine, Juntendo University, Tokyo, Japan 
2Departments of Thoracic Surgery, Faculty of Medicine, Juntendo University, Tokyo, Japan 
3Departments of Respiratory Medicine, Faculty of Medicine, Juntendo University, Tokyo, Japan 

 
 
 

Abstract 
Background: The associations between the severity of interstitial lung disease 
and the stage and histologic type of concurrent lung cancer remain unknown. 
Purpose: To evaluate whether the severity of interstitial lung abnormality 
(ILA), as indicated by quantitative computed tomographic (CT) indexes and 
CT visual score, was correlated with the stage and histological type of con-
current lung cancer. Materials and Methods: Twenty-eight patients with 
surgically diagnosed lung cancer and ILA on CT were enrolled in this retros-
pective study. The subjects were allocated to one of three groups by histolog-
ical type: adenocarcinoma group (13 subjects); squamous cell carcinoma 
group (10 subjects); and the other histological diagnosis group (5 subjects). 
Two independent observers evaluated the CT findings to determine the CT 
visual score, and the kurtosis and skewness of CT-based density histograms 
were determined. The relationships between severity of ILA and the patho-
logical stage and histological type of concurrent lung cancer were evaluated. 
Results: There were no significant differences in the CT visual scores and 
quantitative indexes among the three groups. CT visual score was significant-
ly negatively correlated with pathological stage (r = −0.43, P = 0.025). Con-
clusion: Patients can have only mild ILA on visual scoring but advanced lung 
cancer. Therefore, the frequency of follow-up examination should not be 
based on the severity of ILA on CT. 
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1. Introduction 

The frequency of lung cancer is higher in patients with interstitial lung disease 
(ILD) than in the general population [1] [2] [3]. Several imaging studies of 
lung-cancer-associated ILD [4] [5] [6] have been reported: computed tomo-
graphic (CT) scans show ill-defined lesions mimicking air-space consolidation 
[4] or nodular lesions with sharp margins [5] [6], with most tumors located in 
the periphery of fibrotic lesions [4] [5] [6]. However, the associations between 
the severity of ILD and the stage and histologic type of concurrent lung cancer 
remain unknown. 

There are several ways to evaluate the severity of ILD on CT images. Quantit-
ative CT indexes and CT visual scores are known indicators of the severity of 
ILD [7] [8] [9] [10]. Computer-derived indexes, such as kurtosis and skewness, 
can be obtained from frequency histograms of thin-section CT scans of the lung. 
Kurtosis describes the sharpness of the peak in a histogram. A histogram that is 
more peaked than the normal distribution has a positive kurtosis value. Skew-
ness refers to the asymmetry of a histogram. A histogram with a long tail to the 
right has a positive skewness value. Histograms from patients with ILD are less 
skewed and less kurtotic than those from healthy subjects. This is thought to re-
sult from an increase in soft tissue and decrease in air space [7]. Kurtosis and 
skewness are moderately correlated with the results of pulmonary function tests 
(forced vital capacity, forced expiratory volume in 1 s, total lung capacity, and 
diffusing lung capacity) [7] [8]. Furthermore, kurtosis is an independent predic-
tor of mortality [9]. CT visual score, which is a semi-quantitative score of the 
visual extent of interstitial change on CT images, is also useful for predicting 
clinical mortality [9] and outcomes [10]. 

We hypothesized that, if there were any relevance of these quantitative index-
es to concurrent lung cancer, they could be used to help identify those ILD pa-
tients who were most at risk of lung cancer. Here, we evaluated radiographic in-
terstitial lung abnormality (ILA) on CT of patients with lung cancer and investi-
gated the relationship between quantitative indexes and visual scores of ILA and 
the stage or histologic type of concurrent lung cancer. Our aim was to determine 
whether there was any index that could be used to identify a group of ILA pa-
tients at high risk of lung cancer. 

2. Materials and Methods 
2.1. Study Subjects 

The retrospective study population comprised patients with lung cancer that was 
surgically diagnosed at Juntendo University Hospital between November 2012 
and February 2015. The study was approved by the ethics committee of our in-
stitute (approval No. 2015015). We reviewed the findings of those lung cancer 
patients who had undergone thin-section (2-mm slice thickness at 2-mm inter-
vals) CT of the whole lungs in the period 2 months before surgery, and those pa-
tients with ILA on CT were enrolled in the study. All CT findings were reviewed 
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anew by the authors (K.S., thoracic radiologist with 15 years’ experience; K.A., 
pulmonologist with 7 years’ experience; M.F., thoracic surgeon with 8 years’ ex-
perience; and K.T., thoracic surgeon with 21 years’ experience). ILA was diag-
nosed by CT on the basis of reported criteria [11] [12] [13] and by consensus of 
the authors. ILA was defined as follows: non-dependent ground glass attenua-
tion, non-dependent reticular abnormality, traction bronchiectasis and honey-
combing. Patients who had received radiation or chemotherapy before surgery 
were excluded, and finally 28 patients with ILA were enrolled. Twenty-one patients 
were male and seven were female. The age range was 55 to 85 years (mean ± SD, 71 
± 7 years). Twenty-four patients were smokers (ex-smoker or current smoker). 

2.2. CT Scan Protocol 

All patients underwent thin-section CT with a 16-detector-row CT scanner or 
64-detector-row CT scanner (Aquilion 16 or Aquilion 64; Canon Medical Sys-
tems, Tochigi, Japan) using 1-mm collimators and scanning parameters of 120 
kVp with automatic exposure. A magnified view of each lung was reconstructed 
by using the lung algorithm (2-mm thickness at 2-mm intervals; entire lungs). 

2.3. Histopathological Evaluation for Lung Cancer 

Data on pathological stage and histologic type of lung cancer were obtained 
from the postoperative histopathological diagnosis. Staging was performed ac-
cording to the 7th Edition TNM lung cancer staging system of the International 
Association for the Study of Lung Cancer (IASLC) Staging Committee. To de-
termine the relationships between histologic type and severity of ILA, we catego-
rized patients into three pathological groups: adenocarcinoma (AC), squamous 
cell carcinoma (SCC), and other (OT). 

2.4. CT Visual Scores 

The thin-section CT findings were graded on a scale of 1 through 5 (from least 
severe to most severe) on the basis of the following classification system: 1, nor-
mal attenuation; 2, ground glass attenuation; 3, reticular abnormality; 4, traction 
bronchiectasis; and 5, honeycombing. This grading scale and the zones assessed 
were based on previous reports, with minor changes [10] [14]. The presence of 
each of the above-mentioned imaging features was assessed independently in 
each of three (upper, middle, and lower) zones of both lungs. The upper lung 
zone was defined as the area of lung above the level of the tracheal carina. The 
lower lung zone was defined as the area of lung below the level of the inferior 
pulmonary vein, and the middle lung zone was defined as the area of lung be-
tween the upper and lower zones. We estimated (to the nearest 10%) the propor-
tion of lung parenchyma displaying each of the five described imaging features. 
The abnormality score of each zone was calculated by multiplying the percentage 
area by the grading scale score (1 to 5). The three zone scores of both lungs were 
averaged to determine the total score for each patient (see example in Figure 
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1(a), Figure 2(a)). Two radiologists independently evaluated all images. 

2.5. Quantitative CT Indexes 

Lung-associated data were extracted and the bronchi, vessels, and tumors were 
excluded automatically by using a commercially available image analysis system 
(Synapse Vincent; Fujifilm Medical, Tokyo, Japan). A frequency histogram  

 

 
Figure 1. A 59-year-old man with interstitial lung abnormality. (a) Computed tomogra-
phy (CT) of the right lower lung zone. There was 80% normal attenuation (grading scale 
1), 10% ground glass attenuation (grading scale 2), and 10% reticular abnormality (grad-
ing scale 3). The CT visual score of the right lower zone was calculated by multiplying 
each percentage area by each grading scale score: 80 × 1 + 10 × 2 + 10 × 3 = 130. The total 
score was the average of the upper, middle, and lower zone scores of both lungs; the CT 
visual score of this patient was 118. (b) Frequency histogram of this patient. Kurtosis was 
−0.992 and skewness was 0.743. 

 

 
Figure 2. A 66-year-old woman with severe interstitial lung abnormality. (a) Computed 

tomography (CT) of the right lower lung zone. There was 50% normal attenuation, 20% 

ground glass attenuation, 20% reticular abnormality, and 10% traction bronchiectasis. 

The CT visual score of the right lower zone was 130 and the total score was 168. (b) The 

frequency histogram of this patient was less kurtotic and skewed than that of the patient 

in Figure 1. Kurtosis was −1.358 and skewness was 0.312. 
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(−1024 to −250 HU) was created from the data remaining (see examples in Fig-
ure 1(b), Figure 2(b)). The kurtosis and skewness of the whole of both lungs 
were calculated as quantitative CT indexes of ILA. 

2.6. Statistical Analysis 

A chi-squared test was used to determine differences in sex, smoking status, and 
pathological stage among the three pathological groups. The Kruskal-Wallis test 
was used to determine differences in age among the three pathological groups. 
An intraclass correlation coefficient was used to determine the relationships be-
tween the CT visual scores assigned independently by the two radiologists. 
Spearman’s rank correlation coefficient was used to determine the relationship 
between CT visual score and quantitative CT indexes. Spearman’s rank correla-
tion coefficient was also used to determine the relationships between severity of 
ILA and pathological stage. One-way analysis of variance was used to determine 
differences in the visual score and quantitative indexes among the three groups. 
A P-value less than 0.05 was considered statistically significant. All data were 
analyzed by using Statistical Software (IBM SPSS Statistics 21; IBM, Armonk, 
NY and Statcel 4; OMS, Tokyo, Japan). 

3. Results 
3.1. Subjects’ Characteristics and Pathological Stage  

of Concurrent Lung Cancer 

The clinical findings of the 28 patients are summarized in Table 1. There were 
significant differences in age among the three groups (P < 0.03). There were no 
significant differences among the three groups in terms of gender, smoking sta-
tus, or pathological stage. The pathological stage was IA in 6, IB in 9, IIA in 3, 
IIB in 4, IIIA in 4, and IIIB in 2. AC was the predominant histologic type (n =  

 
Table 1. Subject characteristics and pathological stages of lung cancer. 

  All (n = 28) AC (n = 13) SCC (n = 10) OT (n = 5) P 

Sex, n 
Male 21 7 9 5 

0.051 
Female 7 6 1 0 

Age, years, mean  71 75 69 66 0.03 

Smoking status, No. 
smoker 24 9 10 5 

0.067 
Non-smoker 4 4 0 0 

Pathological stage, No. 

IA 6 2 4 0 

0.36 

IB 9 4 3 2 

IIA 3 1 2 0 

IIB 4 3 0 1 

IIIA 4 2 0 2 

IIIB 2 1 1 0 

SCC: squamous cell carcinoma; AC: adenocarcinoma; OT: other. 
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13, 46%) and SCC was the second most common (n = 10, 36%). OT consisted of 
2 small-cell carcinoma, 1 large-cell carcinoma, 1 adenosquamous carcinoma, 
and 1 large-cell neuroendocrine carcinoma. 

3.2. CT Visual Scores and Quantitative Indexes 

The CT visual scores and quantitative indexes and their relationships are shown 
in Table 2. We investigated the inter-evaluator correlation of visual scores to 
confirm the score validity. Substantial reproducibility (0.71) was confirmed be-
tween the CT visual scores assigned by the two independent observers. Therefore, we 
used the averages of the two observers’ scores to evaluate the relationships with the 
quantitative indexes, the pathological stage and the histologic type. There was a 
significant negative correlation between visual score and skewness (r = −0.39, P 
= 0.025), but kurtosis was not correlated with visual score (r = −0.18, P = 0.36). 
There was a significant positive correlation between kurtosis and skewness (r 
=0.94, P < 0.0001) (Table 2). 

3.3. Correlation between Severity of ILA and Pathological Stage 

There was a significant negative correlation between visual score and pathologi-
cal stage (r = −0.43, P = 0.025). Neither kurtosis (r = 0.103, P = 0.59) nor skew-
ness (r = 0.122, P = 0.53) was correlated with pathological stage (Table 2). 

3.4. Correlation between Histologic Type and Severity of ILA 

Differences in quantitative CT indexes and CT visual score among the three pa-
thological groups are shown in Table 3. There were no significant differences in 
the severity of ILA among the three pathological groups. Kurtosis in SCC was 
lower than in the other two groups, but the differences were not significant (P = 
0.26). 

 
Table 2. Correlation coefficients (r values) between CT visual score, quantitative CT in-
dexes, and pathological stage. 

Parameter CT visual score Kurtosis Skewness Pathological stage 

CT visual score 1    

Kurtosis −0.18 1   

Skewness −0.39 (P = 0.025) 0.94 (P < 0.0001) 1  

Pathological stage −0.43 (P = 0.025) 0.10 0.12 1 

 
Table 3. CT visual scores and quantitative CT indexes in the three pathological groups. 

 
All (n = 28) AC (n = 13) SCC (n = 10) OT (n = 5) P 

Visual score 145.6 ± 23.4 144.6 ± 23.5 149.8 ± 25.1 140 ± 23.2 0.75 

Kurtosis −0.72 ± 0.29 −0.66 ± 0.31 −0.84 ± 0.23 −0.63 ± 0.35 0.26 

Skewness 0.9 ± 0.18 0.91 ± 0.21 0.84 ± 0.12 0.96 ± 0.21 0.44 

Data are means ± SD. SCC: squamous cell carcinoma; AC: adenocarcinoma; OT: other. 
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4. Discussion 

To the best of our knowledge, this is the first paper to investigate the relation-
ship between severity of ILA and stage of concurrent lung cancer. We found a 
negative correlation between visual score and pathological stage. This suggests 
that it is possible for patients to have only mild ILA but advanced lung cancer. 
One possible reason for this result is that patients with severe ILD may have un-
dergone frequent examination; therefore, early-stage lung cancer may have been 
more likely to be detected in these patients. Although Best et al. [9] reported that 
quantitative CT indexes were correlated with the extent of ILD, in our histo-
gram-based quantitative analysis there was no relationship between the quantit-
ative indexes and the stage of concurrent lung cancer. Thus there was no rela-
tionship between the severity of ILA and the stage of concurrent lung cancer in 
the histogram analysis. Therefore, the frequency of follow-up examination 
should not be based on the severity of ILA in terms of either visual or histo-
gram-based analysis on CT. 

We found that kurtosis was lower in SCC than in the other two groups, but 
the differences were not significant. AC was the predominant histologic type and 
SCC was second. Some studies report that SCC is the most common histologic 
type in patients with idiopathic pulmonary fibrosis (IPF) [3] [4] [5] [15], whe-
reas others show a predominance of AC [16] [17]. In Japan, AC is the predomi-
nant histologic type (58% to 68%), followed by SCC (21% to 22%) in all patients 
with lung cancer [18] [19]. The proportion of SCC in our study (i.e. 36%) was 
higher than this. The results of Kawasaki et al. [20] suggest that the incidence of 
SCC in IPF patients (46%) is significantly higher than that in non-IPF patents 
(22%). Kawasaki et al. also suggested that p53 gene alterations in squamous me-
taplasia might provide a clue to the molecular mechanisms underlying the high 
incidence of peripheral-type SCC in IPF patients [21]. 

There was a significant negative correlation between visual score and skew-
ness, but kurtosis was not correlated with visual score. One possible reason for 
this lack of correlation is that honeycombing, which is the most severe CT visual 
score finding, forms low-attenuation areas on CT images, making kurtosis high. 

Our study had several limitations. It was retrospective and involved only surgic-
al cases. Furthermore, we selected only those patients who had undergone 
thin-section CT of the whole lung for automatic analysis by an image analysis sys-
tem, so some patients were excluded from the study. In our study, ILA was diag-
nosed only from the CT findings, and there is no detailed pathological classifica-
tion for ILDs. However, the diagnostics of ILD are still under discussion [22]. We 
agree that image-driven indexes could help in the evaluation of ILD severity [7] [8] 
[9]. Note that here we used the term “ILA” instead of “ILD” because there is as yet 
no confirmation of the concordance of CT and pathological findings in ILD. 

5. Conclusion 

It is possible for patients to have only mild ILA but advanced lung cancer. 
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Therefore, the frequency of follow-up examination should not be based on the 
severity of ILA on CT. 
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