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Background: Interstitial lung abnormalities (ILAs) are present at CT in about 10% of individuals undergoing lung cancer screening.
The relationship between histologic findings of ILAs and their influence on patient prognosis remains unknown.

Purpose: To evaluate the percentage of ILAs at preoperative CT, as measured by radiologists and a computer-aided detection
(CAD) software, as a predictor of disease-free survival in patients with lung cancer.

Materials and Methods: This retrospective study evaluated 217 consecutive patients who underwent complete resection of lung can-
cer from April 2010 to December 2015. Two radiologists, blinded to the patients clinical information, scored percentage fibrosis
extent and determined whether ILAs and the usual interstitial pneumonia (UIP) pattern were present. They assessed ILA progres-
sion at follow-up CT. Two pathologists determined the presence of an UIP pattern. Percentage fibrosis extent was also measured by
using CAD. Binary logistic regression analysis was performed to determine whether the CAD percentage fibrosis extent was associ-
ated with TLA at CT. Multivariable Cox regression analysis was used to evaluate the significance of CAD percentage fibrosis extent
as a predictor of prognosis.

Results: 'The radiologists classified 47 patients with ILAs and 24 patients with a UIP pattern at chest CT. The pathologists detected
a UIP pattern in 25 patients. CT abnormalities showed progression over a 2-year period in all patients with histologic evidence of
UIP. After adjustment for age, sex, and smoking index, the CAD percentage fibrosis extent was independently associated with ILA
(odds ratio: 3.1; 95% confidence interval [CI]: 2.1, 4.7; P < .001). After adjustment for age, forced expiratory volume in 1 second
(percentage predicted) radiologist-assessed percentage fibrosis extent, and pathologic stage, CAD percentage fibrosis extent was in-
dependently associated with worse disease-free survival (hazard ratio: 1.3; 95% CI: 1.1, 1.6; 2 < .001).

Conclusion:  Greater computer-aided detection percentage fibrosis extent at preoperative CT independently predicted worse disease-

free survival in patients with lung cancer.
©RSNA, 2019
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here is increasing awareness of the clinical importance
Tof incidentally detected interstitial lung abnormalities
(ILAs) on non—contrast-enhanced chest CT images (1).
Large cohort studies (2-5) of lung cancer screening have
reported that ILAs are present in 8%—10% of participants.
ILAs have been associated with a greater risk of all-cause
mortality (1,2). Miller et al (6) recently reported that some
subclinical ILAs at CT represent an early stage or a mild
form of pulmonary fibrosis. Moreover, ILAs influence sur-
vival in patients with advanced lung cancer (7). Outcomes
are reported to be poorer in patients with lung cancer with
idiopathic pulmonary fibrosis (IPF) than in patients with-
out IPF (8-10). However, quantitative evaluation of ILAs
in patients with lung cancer and their influence on survival
have not yet been fully investigated.

Many computer-aided detection (CAD) systems have
been developed to quantify diffuse lung abnormalities at
CT (11-14). Subpleural abnormalities at CT, as measured
by using the Gaussian histogram normalized correlation
(GHNC) system, correspond to a histologic usual inter-
stitial pneumonia (UIP) pattern of fibrosis in patients with
interstitial lung diseases (ILDs) (15).

Thus, we hypothesized that the volume of ILAs at
CT measured using a GHNC-CAD system would be
associated with the UIP CT pattern and worse prog-
nosis in patients with lung cancer. The purpose of this
study was to quantify ILAs at preoperative CT by us-
ing a GHNC-CAD system and to evaluate the extent
of ILAs as a predictor of disease-free survival (DES)
in patients with lung cancer. We also evaluated the
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Computer-aided Quantification of Pulmonary Fibrosis in Patients with Lung Cancer

Abbreviations

CAD = computer-aided detection, CI = confidence interval, DFS = dis-
case-free survival, GHNC = Gaussian histogram normalized correlation,
ILA = interstitial lung abnormality, ILD = interstitial lung disease, IPF =
idiopathic pulmonary fibrosis, OR = odds ratio, SRIF = smoking-related
interstitial fibrosis, UIP = usual interstitial pneumonia

Summary

Greater pulmonary fibrosis percentage measured by computer-aided
detection at preoperative CT is an independent predictor of worse
disease-free survival in patients with lung cancer.

Key Points

= Of 217 patients with lung cancer, 47 (21.7%) had interstitial
abnormalities at CT, which was associated with worse disease-free
survival (hazard ratio [HR]: 3.3; P < .001); histologic specimens
showed a usual interstitial pneumonia pattern in 25 patients
(11.5%), and these CT abnormalities progressed at follow-up.

= The percentage of pulmonary fibrosis measured by computer-aided
detection software was independently associated with interstitial
abnormalities at CT (odds ratio: 3.1; P < .001).

= In adjusted models, the greater percentage of pulmonary fibrosis
at CT measured by computer-aided detection software was indepen-
dently associated with worse disease-free survival (HR: 1.3; 2 < .001).

histologic findings of ILAs and the progression of ILAs on
follow-up CT images.

Materials and Methods

Patients

Our institutional review board approved this retrospective single-
center study and waived the requirement for obtaining informed
patient consent (KCRC-17-0051). Consecutive patients who un-
derwent lung cancer surgery from April 2010 to December 2015
(see Appendix E1 [online]) in our hospital were potential candi-
dates (Fig 1). Among 739 patients, we excluded patients who had
previously undergone thoracic surgery (7 = 59) or radiation ther-
apy (7 = 2) and patients who had previously had severe tubercu-
losis or other infectious diseases (7 = 8) or interstitial pneumonia
associated with collagen vascular disease (7 = 3). We excluded 38
patients with pathologic stage III cancer (7 = 37) or IV cancer (n
=1) (16), as well as 412 patients who had not undergone CT per-
formed without contrast material in our hospital within 3 months
before surgery. The final study population comprised 217 patients
who underwent video-assisted thoracic surgery for lung cancer.
Smoking status was determined by using medical records (7).

CT Evaluation by Radiologists

Presurgical thin-section volumetric CT images (I-mm sec-
tions) were obtained without contrast material at full inspira-
tion (see Appendix E1 [online]).

Two expert chest radiologists (S.M. and T.E, each with 10
years of experience) independently evaluated preoperative CT
images in random order without any clinical information. They
scored the extent of each lesion, as reported previously (17), and
we used the average of the two results. We calculated the sum of
reticulation and honeycombing as the percentage fibrosis extent
for each examination.
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The radiologists evaluated whether ILAs existed by using a
previously reported scoring system (3), where a score of 1 in-
dicated no ILAs; a score of 2, equivocal ILAs; and a score of 3,
ILAs. Figure 2 shows examples of the ILA severity grades. The
radiologists then determined whether a UIP pattern was present
on the basis of previously established criteria (18). A third radi-
ologist (1., with 25 years of experience) who was blinded to the
clinical information provided the majority opinion in cases of
discrepant results between the first two radiologists.

The radiologists also evaluated the progression of ILAs at
follow-up CT examinations at 1 year and 2 years, as reported
previously (19). Determination of fibrosis progression was based
on any increase in abnormal findings on the follow-up studies.
CT images showing lung cancer recurrence were excluded from

the analysis of follow-up CT studies.

CAD of Fibrosis Percentage

Analysis of preoperative CT images by using the GHNC-
CAD system (Mebius, Yokohama, Japan) has been previously
described in detail (15,20,21), and additional details are pro-
vided in Appendix E1 (online). The “H” pattern in the GHNC
system includes honeycombing and fibrosis with traction bron-
chiectasis/bronchiolectasis. We measured H-pattern volume
and expressed it as a percentage of the total CT lung volume.
We defined this H-pattern volume ratio as the percentage fi-
brosis extent based on the GHNC system. We determined
the subpleural lung area as the outer part of the lung within 2
mm deep to the visceral pleura and calculated the subpleural
percentage fibrosis extent (according to the H2 pattern) with

CAD (15).

Pathologic Analysis and Multidisciplinary Diagnosis
To analyze the histologic features of ILAs, two expert lung
pathologists (T.T., with 35 years, and K.O., with 20 years of
experience) evaluated the pathologic specimens to determine
whether interstitial abnormalities were present on the basis of
histologic criteria (22-25); see Appendix E1 (online) for de-
tails. One pulmonologist (T.B., with 20 years of experience),
one radiologist (T.I.), and one pathologist (K.O.) discussed
whether the patient had IPE another type of ILD, or no ILD,
on the basis of all data, including follow-up CT studies, ac-
cording to previously established guidelines (21,25).

Statistical Analysis

Interobserver agreement between the two radiologists and
between the two pathologists was assessed with weighted k
analysis. Interobserver agreement was classified as “slight” (k =
0.00-0.20), “fair” (k = 0.21-0.40), “moderate” (k = 0.41-0.60),
“good” (k = 0.61-0.80), or “excellent” (k = 0.81-1.00) (26).
Interobserver agreement on percentage fibrosis extent between
the two radiologists was analyzed by calculating intraclass cor-
relation coeflicients. We performed Pearson correlation analysis
to determine the relationship between the extent of CT abnor-
malities determined by the radiologists and GHNC-CAD re-
sults. We identified clinical factors associated with the presence
of ILAs with binary logistic regression analysis. Univariable and
multivariable Cox proportional hazard models were used to
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examine the significance of the clinical characteristics and CT
findings of percentage fibrosis extent as predictors of DFS. Cu-
mulative survival curves were constructed by using the Kaplan-
Meier method. For this analysis, we determined the cutoff values
of percentage fibrosis extent by using receiver operating charac-
teristic curve analysis for the radiologists and the CAD system
separately. These statistical analyses were performed by using
SPSS, version 21 (IBM, Armonk, NY). The Z test for binomi-
nal proportion with continuity adjustment (performed by using
SAS 9.4 M5 [SAS, Cary, NC]) showed that the sample size of
217 was sufficient to detect a 10% increase in computer reading,
with power of about 90%. P < .05 was considered to indicate a
significant difference.

Results

The final study population comprised 217 consecutive patients
with pathologic stage Ia (z = 151), stage Ib

(n = 47), stage Ila (n = 15), or stage IIb (n =

lwasawa et al

Interobserver agreement between the two radiologists was
moderate for pattern classification (k = 0.6) (Appendix E1 [on-
line]). Among the 217 included patients, the radiologists iden-
tified 143 (65.9%) patients without ILAs, 27 (12.4%) patients
with equivocal ILAs, and 47 (21.7%) patients with ILAs. On
the basis of consensus results, 24 (11.1%) patients showed the
UIP CT pattern (there were concordant and discordant results
for 16 and eight patients, respectively). The mean percentage
fibrosis extent determined by the radiologists was 3.1% * 6.3,
and the intraclass correlation coefficient was 0.89 (Appendix
E1 [online]).

Interobserver agreement between the pathologists was good
(k = 0.66) for histologic determination of UIP; the results for
19 and six patients were concordant and discordant, respectively.
One pathologist considered discordant cases to represent smok-
ing-related interstitial fibrosis (SRIF).

4) lung cancer. There were 136 men (mean
age, 70.0 years * 8.6 [standard deviation];

739 patients
Received lung cancer surgery

72 patients excluded:
Previous thoracic surgery (n=59)

range, 3686 years) and 81 women (mean
age, 65.0 years = 10.4; range, 36—86 years).

Previous radiation therapy (n=2)

The mean patient age was 68.2 years * 9.6
(range, 36-86 years). Seventeen patients
had a past medical history of an ILD diag-
nosis. No patients received any adjuvant or

667 patients

Previous ILDs associated with CVDs (n=3)
Previous severe tuberculosis and other
infectious diseases (n=8)

38 patients excluded:

neoadjuvant therapy prior to surgical resec-
tion of their clinically limited lung cancer.

629 patients

Stage lll (n=37), Stage IV (n=1)

412 patients excluded:

Patients in this study cohort received che-
motherapy and/or radiation therapy only

No plain CT

after recurrence.
Table 1 summarizes the patient demo-

217 patients who underwent plain CT within 3 months
Stage la (151), Stage b (47), Stage lla (15), Stage Ilb (4)

graphics and disease characteristics. One
hundred forty (64.5%) patients were smok-
ers. Median follow-up time was 1456 days

8 patients excluded: Recurrence (n=4), Drop out (n=2),

|| Death (n=2, including one postoperative acute exacerbation)

(range, 202921 days). Lung cancer recurred

’209 patients had follow-up CT evaluation after 1 year |

in 29 patients, and a total of 32 patients
died of any cause, including postoperative
acute IPF exacerbation (Fig 3 and Table El
[online]).

pu—

21 patients excluded: Recurrence (n=11), Drop out (n=4),
Death (n=6)

Table 2 summarizes the CT results. The

| 188 patients had follow-up CT evaluation after 2 years ‘

median delay between preoperative CT and

surgery was 41 days (range, 1-90 days). Figure 1:

Flowchart of the selection of the study population and the exclusion criteria.
CVD = collagen vascular disease, ILD = interstitial lung disease.

Figure 2: Axial CT images show the severity grades of interstitial lung abnormalities (ILAs). A, No ILAs. Arrow = lung cancer. B, Equivocal ILAs
(reticulation < 5%) are present in the right lung base. Arrow = lung cancer. C, ILAs (reticulation > 5%) are present in the bilateral lung bases,
which showed the usual inferstitial pneumonia pattern in the histologic specimens.
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Among the 217 patients, 25 (11.5%) had a histologic UIP
pattern, 11 (5.1%) had ILD other than UIP (nonspecific in-
terstitial pneumonia [# = 3] or unclassifiable interstitial pneu-
monia [ = 8]; Fig E1 [online]), 54 (24.9%) had SRIE and 127
(58.5%) had no ILAs. All patients with a UIP CT pattern had
some histologic interstitial abnormalities, and among the 25 pa-
tients with histologic UIB, 19 (76.0%) had a UIP CT pattern.

‘The radiologists analyzed 209 CT studies and 188 CT stud-
ies obtained after 1 year and 2 years, respectively. In 24 patients
with the UIP CT pattern, ILAs clearly or possibly progressed in
86.3% of patients (19 of 22) and 94.4% of patients (17 of 18)
after 1 year and 2 years, respectively (Fig 4). In 23 patients with
ILAs other than the UIP pattern, ILAs clearly or possibly pro-
gressed in 50.0% of patients (11 of 22) after 1 year and in 65.0%
of patients (13 of 20) after 2 years (Fig 4). No patient without
ILAs at initial CT developed de novo ILAs during the follow-up
period. In the 25 patients with histologic UID, ILAs progressed
in 81.8% of patients (18 of 22) after 1 year and in 100% of pa-
tients (20 of 20) after 2 years (Figs 4, 5).

Table 2 summarizes the CAD results. With CAD, the mean
percentage fibrosis extent was 4.5% * 2.8, and the subpleural
percentage fibrosis extent was 20.1% * 9.0. The percentage fi-
brosis extent according to GHNC correlated well with the fi-
brosis extent according to the radiologists (Pearson correlation
coefficient = 0.88; P < .001; Table E2 [online]).

Multivariable binary logistic regression analysis identified age
and smoking index as significant clinical factors associated with
the presence of ILAs at CT and the UIP pattern at CT (Table
E3 [online]). In multivariable binary logistic regression analysis,
CAD percentage fibrosis extent was an independent predictor
(P < .001) of the presence of ILAs (odds ratio [OR], 3.1; 95%
confidence interval [CI]: 2.1, 4.7) or the UIP pattern at CT
(OR, 2.0; 95% CI: 1.5, 2.6) after adjustment for age, sex, and
smoking index (Table 3). After adjustment for age and smoking
index, the extent of subpleural percentage fibrosis with CAD in-
dependently predicted a histologic UIP pattern (OR, 1.25 95%
CI: 1.1, 1.3; P < .001).

By using our multidisciplinary diagnostic approach, 25
(11.5%) patients were given a diagnosis of IPF; all had histo-
logic UIP. Eleven (44%) of 25 patients with IPF died because of
cancer recurrence (7 = 5) or IPF (# = 6). However, one patient
recovered from a bout of acute exacerbation 2 years after surgery
and is currently cancer free (Fig 5).

Figure 6 shows Kaplan-Meier curves comparing DFS
and histologic and radiologic parameters. Receiver operat-
ing characteristic curve analysis results are shown in Appen-
dix E1, Figure E2, and Table E4 (all online). Log-rank tests
revealed significant differences in survival probability be-
tween the two groups based on the percentage fibrosis extent
determined by radiologists (fibrosis = 7.5% and fibrosis <
7.5%, P < .001) and that determined by GHNC (H pattern =
5.0% and H pattern < 5.0%, P < .001), as well as subpleural
percentage fibrosis extent (H2 pattern = 27% and H2 pattern <
27%, P < .001). The Kaplan-Meier curves comparing overall
survival are shown in Figure E3 (online), and univariable and
multivariable Cox regression analysis results are shown in Tables

E5 and E6 (online).
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Univariable Cox regression analysis results for each factor
for predicting DFS are shown in Tables 1 and 2 and Table E1
(online). The existence of ILAs predicted poorer DES (hazard
ratio, 3.3; 95% CI: 1.8, 6.2; P < .001) (ie, more death from
lung cancer). The presence of a UIP pattern at CT was a greater
risk for DFS (hazard ratio, 5.3; 95% CI: 2.5, 11.1; P < .001),
with comparisons between other groups as follows: no ILA ver-
sus control and equivocal ILA (hazard ratio, 1.8; 95% CI: 0.66,
4.9; P=.25) and ILA not UIP (hazard ratio, 2.4; 95% CI: 0.93,
6.0; P=.072).

A direct comparison between percentage fibrosis extent as
determined by radiologists and that as determined by CAD is
shown in Table E7 (online). Table 4 shows the multivariable
Cox regression analysis results. After adjusting for age, forced
expiratory volume in 1 second, maximum cancer diameter, the
percentage fibrosis extent determined by radiologists, and lung
cancer stage, we found that the GHNC-CAD percentage fibro-
sis extent remained associated with poorer DFS (hazard ratio,

1.3;95% CI: 1.1, 1.6; P = .001 [Table 4]).

Discussion

We measured the extent of interstitial lung abnormalities
(ILAs) on preoperative CT studies in patients with lung cancer
as percentage fibrosis extent by means of a computer-aided de-
tection (CAD) system employing Gaussian histogram normal-
ized correlation (GHNC). A larger GHNC-based percentage
fibrosis extent predicted the existence of ILAs (odds ratio [OR],
3.1; P < .001) and a usual interstitial pneumonia (UIP) pattern
at CT (OR, 1.2; P < .001). Multivariable regression analysis
showed that percentage fibrosis extent measured by CAD us-
ing GHNC significantly and independently predicted worse
disease-free survival (DFS) (hazard ratio, 1.3; 2 < .001). UIP
is a known risk factor for acute exacerbation in patients af-
ter lung cancer surgery, chemotherapy, and radiation therapy
(27-31). We found that determining the percentage fibrosis
extent with CAD was useful for evaluating the existence and
severity of ILAs at preoperative CT and for risk stratification of
patients with lung cancer.

Our hospital encounters more than 500 new patients with
ILDs per year. Many patients with lung cancer are referred to our
hospital because of associated ILDs, which explains the larger
incidence of ILAs in our study group. When the 17 patients
with a previous consultation history for ILDs were excluded, 30
(15.0%) of 200 patients had ILAs, which was not markedly dif-
ferent from previously reported frequencies: 24% reported by
Kanaji et al (30), 23% reported by Sverzellati et al (31), and 14%
reported by Nishino et al (7).

In the current study, CT findings in patients with histologic
UIP showed progtession over a period of 1-2 years: five patients
died of respiratory failure. Moreover, acute exacerbation oc-
curred in three patients, including one patient with mild ILAs.
This suggests that mild ILAs in some patients are early evidence
of pulmonary fibrosis (6,19). Our results indicate that careful
follow-up is necessary for patients with lung cancer with a histo-
logic UIP pattern in the surgical specimen, even when the initial
CT findings are unremarkable, because these patients are at an
increased risk for cancer recurrence and early death (32).

radiology.rsna.org » Radiology: Volume 292: Number 2—August 2019
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Table 1: Patient Characteristics and Their Associations with Disease-free Survival according to Univariable Cox Regression
Analysis

ILA (n = 47 [21.7%)) Disease-free Survival
No ILA
Tortal (n =143 Equivocal ILA Not UIP (z=23 UIP (n=24
Characteristic (n=217) [65.9%]) (n=27[12.4%]) [10.6%]) [11.1%]) Hazard Ratio* P Value
Age (y)° 68.2 *+ 9.6 66.5*+10.0 685 =*=9.7 72.6 7.9 73.2 %52 1.1 (1.0, 1.1) .001
Sex 8.6 (2.7, 28) .001
No. of male patients 136 (62.7) 76 (53.1) 17 (67.0) 20 (87.0) 23 (95.8)
No. of female patients 81 (37.3) 67 (46.9) 10 (37.0) 3 (13.0) 1 (0.4)
History of smoking 140 (64.5) 79 (55.2) 18 (66.7) 19 (82.6) 24 (100) 3.5 (1.3, 8.9) .01
Smoking index (no. of 28.7 £31.3 21.0%£27.8 27.5*283 47.1 = 347 58.5 +27.3 1.02(1.02,1.03) <.001
pack-years)"
Surgical procedure 2.1(0.99, 4.4)* .051
Wedge resection 28 (12.9) 14 (9.8) 4 (14.8) 3 (13.0) 7 (29.2)
Segmentectomy 17 (7.8) 14 (9.8) 0 0 3(12.5)
Lobectomy 172 (79.2) 115 (80.4) 23 (85.2) 20 (87.0) 14 (58.3)
Pathologic stage 4.1 (1.9, 8.5)% <.001
Ia 151 (69.6) 112 (78.3) 15 (55.6) 15 (65.2) 9 (37.5)
Ib 47 (21.7) 22 (15.4) 7 (25.9) 6 (26.1) 12 (50.0)
IIa 15 (6.9) 8 (5.6) 5(18.5) 1(4.3) 1(4.2)
ITb 4(1.8) 1(0.7) 0 1(4.3) 2 (8.3)
Maximum cancer 199 £ 11.1 183+ 105 19.4 *+11.9 21.2*11.3 28.4 *+10.3 1.04(1.02, 1.07) .002
diameter (mm)*
Histologic finding 0.27 (0.15, 0.5 <.001
Adenocarcinoma 174 (80.1) 130 (90.9) 23 (85.2) 8 (34.7) 13 (54.2)
Squamous cell 31 (13.3) 10 (7.0) 2 (7.4) 12 (52.2) 7 (29.2)
carcinoma
Other 12 (5.5) 3(2.1) 2 (7.4) 3 (13.0) 4(16.7)
FVC (%)* 104.5 = 16.0 106.0 = 15.9 110.1 * 13.1 103.6 = 13.9 90.7 £ 14.9 0.98 (0.96, 0.998) .03
FEV, (%) 945 +21.5 96.6*+20.7 90.7 *21.2 95.4 + 22.0 85.1 = 23.7 0.98 (0.97, 0.99) .003
FEVI/FVCT 723+ 119 722 %*12.1 66.8=*11.6 73.0 = 11.9 782 £7.7 0.99(0.97, 1.0) 578
MDD
None 170 (78.3) 142 (99.3) 26 (96.3) 2 (8.7) 0 Control
ILDs (not IPF) 22 (10.1) 1(0.7) 1(3.7) 15 (65.2) 5(20.8) 3.1(1.4,7.0) <.001
IPF 25 (11.5) 0 0 6 (26.1) 19 (11.5) 4.5 (2.1,9.4) <.001
Frequency of histologic
findings
Emphysema 148 (68.2) 90 (62.3) 17 (63.0) 19 (82.6) 22 (91.7) 4.6 (1.6, 13.0) .004
Fibrosis 97 (44.7) 42 (29.4) 11 (40.7) 21 (91.3) 23 (95.8) 3.2 (1.6,6.2) .001
Subpleural fibrosis 37 (17.1) 3(2.3) 4 (14.8) 10 (43.5) 19 (79.1) 4.6 (2.4, 8.7) <.001
Histologic pattern
None 127 (58.5) 112 (78.3) 13 (48.1) 2 (8.7) 0 Control
SRIF 54 (24.9) 30 (21.0) 12 (44.4) 9(39.1) 3(12.5) 4.3 (2.0,9.5) <.001
ILD (not UIP) 11 (5.1) 1(0.7) 2 (7.4) 6 (26.1) 2 (8.3) 3.5 (0.96, 13) .057
uIP 25 (11.5) 0 0 6(26.1) 19 (79.2) 6.3 (2.6, 15.3) <.001

Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. FEV | = forced expiratory volume in

1 second (percentage predicted for age, sex, and body height), FVC = forced vital capacity (percentage predicted for age, sex, and body
height), ILA = interstitial lung abnormality, ILD = interstitial lung disease, IPF = idiopathic pulmonary fibrosis, MDD = multidisciplinary
diagnosis (consensus diagnosis by the pulmonologist, the radiologist, and the pathologist), SRIF = smoking-related interstitial fibrosis, UIP
= usual interstitial pneumonia.

* Data in parentheses are 95% confidence intervals.

" Data are means * standard deviations.

¥ As compared with wedge resection and other procedures (lobectomy and segmentectomy).
® As compared with stages I and 1L

I As compared with adenocarcinoma and others (squamous cell carcinoma [z = 31], large cell carcinoma [7 = 6], pleomorphic carcinoma [ =
2], adenosquamous cell carcinoma (7 = 1], sarcomatoid carcinoma [7 = 1], and non-small cell lung cancer not otherwise specified [ = 2]).
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Multivariable binary logistic regression analysis showed that
GHNC-derived subpleural percentage fibrosis extent was signifi-
cantly associated with the presence of a histologic UIP pattern.
Subpleural fibrosis and fibroblastic foci are included in the crite-

ria for defining a histologic UIP
pattern (6). Thus, we consid-
ered that GHNC-CAD system
would be useful for a detecting
thin layer of subpleural fibrosis,
which is easily missed by radi-
ologists, suggesting a UIP pat-
tern in these mild cases (15). It
is notable that 84.6% (22 of 26)
of patients who had a subpleural
fibrosis extent of 27% or more
showed disease progression at the
follow-up CT examinations after
2 years. These findings suggest
that subpleural fibrotic lesions
may be an important factor in
the progression of ILAs.

In the current study, 12
(25.5%) of 47 patients with
ILAs were diagnosed as having
SRIE CT findings progressed in

six (13.6%) of 44 patients with SRIF after 2 years. Our study
also demonstrated that the ILAs in the patients with unclassifi-
able interstitial pneumonia having airway-centered cystic lesions
with fibrosis had progressed and that the cysts had enlarged in

N 4

Figure 3: Images in 74-year-old male exsmoker with the typical usual interstitial pneumonia (UIP) pattern
and squamous cell carcinoma in the right lower lobe. He died of postoperative acute exacerbation of UIP.
A, Initial axial CT image shows peripheral reticulation and honeycombing (thin arrows). Thick arrow = lung
cancer. B, Three-dimensional Gaussian histogram normalized correlation (GHNC) image (front view) shows
decreased lung volume, and the lung surface is covered with (yellow) H-pattern lesions. The subpleural per-
centage fibrosis extent measured by H-pattern volume in this subpleural lung area, within 2 mm under the
pleura, was 59.3%. For GHNC images: pink = normal, dark blue = emphysema, light green = ground-glass
opacity, light blue = reticulation, yellow = fibrosis, dark green = trachea and bronchi, orange = vessels.

Table 2: CT Findings and Their Association with Disease-free Survival according to Univariable Cox Regression Analysis
ILA (n = 47) Disease-free Survival
No ILA Equivocal
Finding Total (n=217) (n=143) ILA (2 =27) Not UIP (n=23) UIP (n=24) Hazard Ratio P Value
Visual estimation of extent
by radiologists

Percentage normal 91.8 +12.9 972 *72 874=*174 81.1 £122 749 +=11.3 0.95(0.94,0.97) <.001
Percentage emphysema 4.0*9.1 2570 92*x173 79%738 41+ 38 1.04 (1.01, 1.06) <.001
Percentage consolidation  0.01 * 0.14 0.0 £ 0.0 0.0 £ 0.0 0.0 £ 0.0 0.1 £0.1 2.4 (0.7, 8.3) .167
Percentage GGO 1.0 = 3.1 0.1 *+04 09 £ 1.6 3.7 £ 6.0 3.8+ 54 1.05 (0.99, 1.1) .128
Percentage reticulation 2.8+ 5.6 0.2 +0.7 24+ 1.6 7.4 +58 14.6 = 7.0 1.1 (1.06, 1.14) <.001
Percentage honeycomb 0.3+ 1.6 0.02 £0.21 0.02*0.8 0.02=*0.9 2.6 * 4.1 1.2 (1.1, 1.3) <.001
Percentage fibrosis* 3.1*+6.3 02*+07 25*16 74=*58 17.2+7.8 1.1 (1.07, 1.13) <.001

Percentage CT lung 94.0 £ 17.0 97.4 = 16.6 94.3 £ 129 88.3 £ 16.1 78.7 £ 15.2  0.98 (0.96, 0.99) .009

volume per GHNC'

Extent per GHNC
Percentage normal 84.1=11.7 874*82 8l4=*16.1 785 *12.0 729 = 141  0.95(0.94,0.97) <.001
Percentage emphysema 5.5*9.6 4885 85*158 74*95 43*5.1 1.04 (1.01, 1.06)  .006
Percentage GGO 4.6*3.1 3621 47*18 63*36 83+ 4.9 1.1(1.08,1.2) <.001
Percentage consolidation  0.08 = 0.10  0.05 = 0.04 0.07 = 0.05 0.09 = 0.07 0.23 +0.21  36.6 (8.4, 160.3) <.001
Percentage reticulation 1.3 2.2 0.66 = 0.8 1.3+ 1.1 22*29 45+ 43 1.2 (1.09, 1.23) <.001
Percentage fibrosis extent” 4.5 * 2.8 35209 4.1*09 5.7 %29 9.9 + 4.8 1.3 (1.19, 1.34) <.001
Percentage subpleural 20.1 = 9.0 163 4.1 20.0*45 252*84 38.3 =104  1.1(1.07,1.12) <.001

fibrosis extent®

Note.—Data are means * standard deviations. Data in parentheses are 95% confidence intervals. GGO = ground-glass opacity, GHNC =

Gaussian histogram normalized correlation, ILA = interstitial lung abnormality, UIP = usual interstitial pneumonia.

* Sum of reticulation extent and honeycomb extent according to the radiologists.

"Total CT lung volume normalized for predicted total lung capacities.

# H-pattern volume ratio in the whole lung.

$ H2-pattern volume ratio in the 2-mm-width area of the lung surface.
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Figure 4: Bar graphs show changes in CT findings at follow-up CT examinations after 1 year (upper row) and after 2 years (lower row). Vertical
axes show the percentage of patients with a change in CT findings (ie, improvement, probable improvement, no change, probable progression, and
progression). Horizontal axes show the categories of histologic pattern, radiologic pattern, percentage fibrosis extent according to radiologists, per-
centage fibrosis extent according to a computer-aided detection (CAD) system with Gaussian histogram normalized correlation (GHNC), and subpleu-
ral fibrosis measured by the GHNC-CAD system. Numbers in parentheses = numbers of patients in each category. F = percentage fibrosis extent by
the radiologists, H = percentage fibrosis extent by the GHNC-CAD system, H2 = subpleural percentage fibrosis extent by the GHNC-CAD system, ILA =
interstitial lung abnormality, ILD = interstitial lung disease, SRIF = smoking-related interstitial fibrosis, UIP = usual interstitial pneumonia.

Figure 5: Images in 75-year-old male exsmoker with idiopathic pulmonary fibrosis (based on a multidisciplinary diagnosis) and squamous cell
carcinoma in the right lower lobe. A, Initial axial CT image shows reticulation but is indeterminate for usual interstitial pneumonia. B, Follow-up
axial CT image at 1 year shows that reticulation has progressed. C, Axial CT image at 2.5 years reveals acute exacerbation and marked ground-
glass opacities in the lungs bilaterally. This patient has been cured, is still alive and receiving home oxygen therapy 3.5 years after surgery, and
is currently cancer free, D, On the three-dimensional Gaussian histogram normalized correlation (GHNC) image (back view) from the initial CT
examination, a part of the lung surface is covered with (yellow) H-pattern lesions. The subpleural percentage fibrosis extent measured by GHNC
was 27.3%. The colors of the GHNC image are the same as in Figure 3, B. E, Histologic specimen shows subpleural fibrosis with fibroblastic foci
(arrows). (Hematoxylin-eosin stain; original magnification, X20; bar, 2 mm.)
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Table 3: Results of Multivariable Logistic Regression Analysis of Clinical Factors and Fibro-
sis Extent according to the Computer-aided System for Evaluating the Association with the
Existence of ILA and the UIP CT Pattern

Existence of Radiologic ILA Existence of UIP CT Pattern
Variable P Value Odds Ratio P Value Odds Ratio
Age 13 1.1 (0.99, 1.1) 374 1.0 (0.95, 1.1)
Sex .089 3.8 (0.8, 18) .079 12.3 (0.75, 202)
Smoking index .07 1.0 (0.99, 1.0) .925 1.0 (0.98, 1.0)
Fibrosis extent per GHNC <.001 3.1(2.1,4.7) .001 2.0 (1.5, 2.6)

Note.—Data in parentheses are 95% confidence intervals. GHNC = Gaussian histogram normalized
correlation, ILA = interstitial lung abnormality, UIP = usual interstitial pneumonia. Smoking index was
determined by analyzing patient medical records. The existence of ILA and UIP were determined by the

radiologists.
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Figure 6: Graphs show Kaplan-Meier distribution of disease-free survival time. (a) Comparison between two groups on the basis of percentage
of fibrosis extent according to the radiologists (F) (comparison of groups, P < .001). (b) Comparison between two groups on the basis of percent-
age fibrosis extent according to the computer-aided detection (CAD) Gaussian histogram normalized correlation (GHNC) system (H) (comparison
of groups, P < 001). (€) Comparison between two groups on the basis of percentage subpleural fibrosis extent according to the GHNC-CAD sys-
tem (H2) (P < .001). (d) Comparison between CT abnormalities determined by the radiologists. (€) Comparison between histologic findings. (f)
Comparison between three groups on the basis of the multidisciplinary diagnosis (the consensus diagnosis by the pulmonologist, the radiologist,
and the pathologist). ILA = interstitial lung abnormality, ILD = interstitial lung disease, IPF = idiopathic pulmonary fibrosis, SRIF = smoking-related
interstitial fibrosis, UIP = usual inferstitial pneumonia.
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Table 4: Results of Multivariable Cox Regression Analysis
of Disease-free Survival

Parameter PValue  Hazard Ratio
Lung cancer stage .005 3.4 (1.5,7.9)
Age .003 1.07 (1.02, 1.12)
Maximum cancer diameter 741 1.01 (0.98, 1.03)
FEV, .097 0.99 (0.98, 1.0)
Fibrosis extent according .001 1.3 (1.1, 1.6)
to GHNC system
Mean fibrosis extent determined  .421 0.97 (0.90, 1.05)
by radiologists

Note.—Data in parentheses are 95% confidence intervals. FEV, =
forced expiratory volume in 1 second (percentage predicted
for age, sex, and body height), GHNC = Gaussian histogram

normalized correlation.

the follow-up CT studies (33). It is difficult to distinguish “early”
UIP from other types of fibrosis at preoperative CT (34). Larger
normal lung volume ratio was associated with better DFS (haz-
ard ratio, 0.95; P < .001), and patients without ILA showed bet-
ter prognosis. We believe normal lung volume is also important
for preoperative assessment.

'The lower sensitivity of percentage fibrosis extent according
to the GHNC-CAD system in determining the UIP CT pattern
compared with that according to the radiologists may be attrib-
uted to the misclassification of normal peripheral structures as
fibrotic lesions by the GHNC-CAD system. The GHNC-CAD
system counted a part of reticulation surrounding the traction
bronchiectasis/bronchiolectasis as fibrosis. The radiologist-as-
sessed percentage fibrosis extent, including all the reticulation,
was larger than that according to the CAD system in patients
with ILAs. This explains the higher cutoff values for radiologist-
assessed percentage fibrosis extent.

This retrospective study had several limitations. First, it was
performed in a single center, and the study population was too
small to allow us to assess multiple variables adequately. We
could not conclude that the GHNC-CAD analysis was superior
to radiologists’ scoring. Second, we used CT images obtained
from a single vendor’s hardware and software platform; this lim-
its the generalizability of these results. However, in a previous
report, the GHNC-CAD system worked well with three differ-
ent manufacturers of CT scanners (35). We evaluated surgical
specimens resected for lung tumors in the same lobe. Thus, this
evaluation was limited to the histologic findings of ILAs in the
specimen, and the rest of the lung was not sampled. A prospec-
tive multicenter study with a larger number of patients will be
necessary to overcome these many limitations.

In conclusion, the volume ratio of fibrosis at preoperative CT,
as measured by using a computer-aided detection (CAD) system,
was an independent predictor of lower disease-free survival in pa-
tients with lung cancer. CAD using the Gaussian histogram nor-
malized correlation system provided prognostic information for
treating patients with lung cancer.
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