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Background: Based on computed tomography (CT) findings of lung cancer, solid nodules have a much
worse prognosis than subsolid nodules, even if the nodules are subcentimeter in size. There is, however, no
systematic method for determining the prognosis of solid tumors on CT. This study aimed to discover the
prognostic factor of early-stage solid lung adenocarcinoma using three-dimensional CT volumetry.
Methods: Patients with pathological stage I solid lung adenocarcinoma who underwent complete resection
between 2007 and 2012 were selected in this retrospective study. Clinicopathological data and preoperative
multidetector CT findings, such as tumor size on the two-dimensional axial image, three-dimensional
tumor volume between -600 and 199 HU, and three-dimensional solid volume between 0 and 199 HU,
which corresponded to highly solid components, were compared between recurrence and non-recurrence.
Furthermore, these radiological values were compared to pathological invasive volume (PIV).

Results: During this time, 709 patients had their lung cancer completely removed. From this cohort, 90
patients with pathological stage I solid lung adenocarcinoma were selected. In addition, recurrence was found
in 26 patients (28.9%). Although two-dimensional axial image, serum carcinoembryonic antigen (CEA) level,
and SUVmax on 18F fluorodeoxyglucose positron emission tomography/computed tomography (FDG-PET/
CT) did not differ statistically between recurrent and non-recurrent patients, three-dimensional tumor and
solid tumor volume did. Multivariate analysis indicated that three-dimensional solid tumor volume [hazard
ratio: 2.440; 95% confidence interval (CI): 1.110-5.361, P=0.026] and epidermal growth factor receptor
(EGFR) mutation (hazard ratio: 4.307; 95% CI: 1.328-13.977, P=0.015) were significantly associated with
disease-free survival (DFS). When three-dimensional tumor and solid tumor volume were compared to
PIV, three-dimensional solid tumor volume (3,091 mm® on average) showed a highly similar value with PIV
(2,930 mm’ on average), whereas three-dimensional tumor volume (6,175 mm® on average) was significantly

larger than PIV (P<0.001).
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Conclusions: In patients with early-stage solid lung adenocarcinoma, the measurement of three-

dimensional solid tumor volume, which is correlated with PIV, accurately predicted the postoperative

outcome.
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Introduction

Primary lung cancer is one of the most common
malignancies and the leading cause of cancer-related
death in both sexes in the United States (1). Based on
computed tomography (CT) findings, issued guidelines
for the therapeutic management of lung cancer distinguish
between subsolid and solid nodules, which mean nodules
with ground-glass lesions or not. The prognosis of solid
nodules is much worse than that of subsolid nodules, even if
the nodules are subcentimeter in size (i.e., with a tumor size
of <1 cm) (2,3). According to several studies, the maximum
solid part size, rather than the total tumor size, is a better
predictor of the invasiveness and prognosis of subsolid
tumors (4-6). Therefore, the solid part size has been
incorporated as a clinical T factor for lung cancer in the
8" edition of the Union for International Cancer Control
tumor-node-metastasis (TINM) classification (7,8).

Although total and solid sizes were previously determined
using a two-dimensional (2D) axial CT scan, multidetector
CT now allows for a three-dimensional (3D) scan, and
maximum and solid sizes could be calculated on 3D views.
According to some studies, using a 3D solid volume of
lung adenocarcinoma could help determine pathologic
tumor invasiveness and lymph node metastases more
accurately (9). Recently, it was discovered that 3D solid
volume greater than 0 HU within the tumor predicts
postoperative prognosis for patients with part-solid
lung cancer better than 2D maximum solid diameter on
axial imaging or 3D maximal solid size (10). Moreover,
voxel-based histogram analysis of 3D CT by radiomics
technology has gained popularity in recent years (11).
There is, however, no systematic method for determining
the prognosis of solid lung tumors on CT.

In this study, we evaluated the relationship between
3D volumetry value on a CT and postoperative disease-
free survival (DFS) to discover the prognostic factor of
early-stage solid lung adenocarcinoma, and compared the
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radiological and pathological findings for these cancers.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-36/rc).

Methods
Study population

We retrospectively searched the database in our tertiary
care hospital from January 2007 to December 2012.
Patients with surgically resected lung adenocarcinoma
harboring pathological stage I and radiological solid
findings [consolidation to tumor ratio (C/T) =1.0] on thin-
section CT were selected. The median follow-up time was
67 months. Patients were excluded if key clinical data were
missing. The clinical records of all recruited patients were
reviewed to obtain the clinicopathological and postoperative
survival data to compare recurrent and non-recurrent
patients. The Institutional Review Board of Nagoya
University Hospital approved this retrospective, single-
center study (No. 2018-0258). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013), and individual consent for this retrospective analysis
was waived.

Three-dimensional CT scan protocol

Preoperatively, Aquilion 16 and Aquilion 64 (Toshiba
Medical, Tokyo, Japan) were used to collect all noncontrast
3D CT images in the craniocaudal direction under the
following conditions: X-ray tube voltage, 120 kVp;
automatic tube current modulation, maximum of 500 mA;
gantry rotation speed, 0.5 sec; and beam collimation, 1 mm
or 0.5 mm. Using a high-spatial-frequency technique (FC
86 or FC52; Toshiba Medical), whole lung axial thin-section
multidetector CT scans were reconstructed at the same
increment with a section thickness of 1 or 0.5 mm.
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Two- and three-dimensional calculation on a workstation

All images from the CT reconstruction were imported into
a commercially accessible 3D workstation (VINCENT,
version 4.3; Fujifilm Medical, Tokyo, Japan). Two
oncologists (a thoracic surgeon with 17 years of experiences
and a chest radiologist with 28 years of experiences)
independently evaluated the axial multiplanar reconstructed
and 3D images of excised tumors using window and width
settings of 600 and 1,800 HU, respectively. The two readers
were aware that the measuring target was solid lung cancer,
but they were not aware of the pathologic findings or the
prognosis. On the 3D workstation, the surgeon first drew
a region of interest (ROI) for the primary tumor. Next, the
radiologist corrected the ROL Then, the ROI was finalized
by consensus of the two.

The tumor size on the two-dimensional axial image (2DS)
was measured by readers. Furthermore, the 3D tumor
volume between -600 and 199 HU (3DV) and the 3D solid
volume between 0 and 199 HU (3DSV) on multiplanar
reconstructed images were automatically calculated on the
workstation according to previous study (10). Additionally,
3DV and 3DSV-derived tumor diameters were calculated
from volumes as if the tumors were sphere (12).

Pathological evaluation

Hematoxylin and eosin-stained slides were independently
reviewed and scored by two pathologists (YH and T'T). The
scoring was well-matched between the two pathologists.
However, further discussion was performed to get a
consensus in several cases. The diameter of the entire tumor
and the invasive component were measured on the largest
tumor cross-section. In those diagnosed with invasive
mucinous adenocarcinoma and colloid adenocarcinoma,
the invasive diameter was considered to be equal to the
tumor diameter. In the previous studies (13-17), tumor
volume in clinical CT images or in preclinical animal
experiments was calculated as follows: tumor volume (mm’)
= (major axis: mm) x (minor axis: mm)’ x 0.5236. This study
applied this method for pathological invasive volume (PIV)
evaluation as follows: PIV (mm’) = (major invasive axis:
mm) x (minor invasive axis: mm)’ x 0.5236, which assumes
both ellipsoid tumor configuration and invasive structure.
Histological tumor grade was determined using the WHO
classification of thoracic tumors, 5" edition (18). The
tumor differentiation pattern was determined by dividing
the tumor area into three categories: well-differentiated
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(lepidic), moderately differentiated (papillary or glandular),
and poorly differentiated (solid or cribriform).

Statistical analysis

The features of the tumor and the patient were compared
between recurrence and non-recurrence. Categorical
variables are expressed as numbers [percentage (%)], and
continuous variables are presented as medians (interquartile
range). Age, tumor size, tumor volume, maximum standard
uptake value (SUVmax), "°F fluorodeoxyglucose positron
emission tomography/computed tomography (FDG-PET/
CT), and serum carcinoembryonic antigen (CEA) level
were compared using the Mann-Whitney test, whereas
sex, epidermal growth factor receptor (EGFR) mutation
status, pleural, lymphatic, and vascular invasion were
compared with the Fisher’s exact test. DFS was calculated
using the Kaplan-Meier analysis, and the survival curves
for each subgroup based on the cutoff value of 2DS, 3DV,
or 3DSV were evaluated using the log-rank test. DFS was
defined as the time between surgery and the first recurrence
or death for any reason. Recurrence was diagnosed by
imaging examinations. In both univariate and multivariate
analyses of DFS, the Cox proportional hazards model
was applied to evaluate the effect of 2DS, 3DV, 3DSV,
and clinicopathological characteristics. Based on the
thresholds from previous studies, 2DS, 3DV, and 3DSV
were simplified to a score of 0-3 using calculated 2DS,
3DV, and 3DSV-derived tumor diameters (12). Score 0, 1, 2,
and 3 corresponds to diameters of <10, 11-20, 21-30, and
>30 mm, respectively. The area under the curve (AUC)
of the receiver operating characteristic (ROC) curve
for a 5-year DFS rate based on (ridge) penalized Cox
proportional hazards models were evaluated by repeated
nested cross-validation. P values of <0.05 were considered
statistically significant. R was used for statistical analysis.

Results
Baseline patient characteristics

Figure S1 depicts the flowchart of our research population.
From January 2007 to December 2012, 709 patients
who underwent complete resection were detected in our
institution. As a pathological type, only adenocarcinoma
(n=470) was chosen, and progressive diseases with more
than stage II (n=151) were excluded. Additionally, part-solid
and pure ground-glass opacity (GGO) types in CT findings
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Table 1 The comparison of patient background between recurrence and non-recurrence

Variables Recurrence (n=26) Non-recurrence (n=64) P value
Age (years) 68 [62-71] 68 [62-72] 0.758
SUVmax on FDG-PET 5.70 [3.50-7.67] 5.09 [3.32-7.04] 0.408
Serum CEA level 4.00 [2.40-6.40] 3.70 [2.18-7.70] 0.841
2DS (mm) 24.5[18.3-29.8] 21 [17.0-28.5] 0.101
Sex (male), n (%) 14 (53.8) 47 (73.4) 0.085
Smoking, n (%) 0.124
Non-smoker 13 (50.0) 19 (29.7)
Ex-smoker 10 (38.4) 27 (58.6)
Current smoker 3(11.5) 18 (28.1)
Procedure, n (%) 0.270
Lobectomy 25(96.2) 55 (85.9)
Segmentectomy/sublobar 1(0.8) 9(14.1)
Pleural invasion, n (%) 0.010
+ 20 (76.9) 29 (45.3)
- 6 (23.1) 35 (54.7)
Lymphatic invasion, n (%) 0.167
+ 9 (34.6) 12 (18.8)
- 17 (65.4) 52 (81.2)
Vascular invasion, n (%) 0.285
+ 5(19.2) 6 (9.4)
- 21(80.8) 58 (90.6)
EGFR, n (%) 0.044
Mutant 12 (46.1) 15 (23.4)
WT 14 (53.9) 49 (76.6)

Data are shown as median [IQR] or n (%). SUVmax, maximum standard uptake value; FDG PET, ['°F] fluorodeoxyglucose positron
emission tomography; CEA, carcinoembryonic antigen; 2DS, tumor diameter on two-dimensional axial CT, EGFR, epidermal growth factor
receptor; WT, wild type; IQR, interquartile range; CT, computed tomography.

(n=229) were ruled out. Finally, our cohort included 90
cases of lung adenocarcinoma and this cohort included 26
and 64 patients with and without recurrence, respectively.
‘Table S1 displays the patient and tumor characteristics.

Difference between recurrent and non-recurrent lung
cancers

Table 1 compares the characteristics of patients with
recurrence and non-recurrence. Patient characteristics
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such as age, sex, and smoking were not different between
the two groups. In the recurrence group, the proportion
of patients with pleural invasion in the tumor was higher
than in the non-recurrence group (P=0.010), but not
lymphatic and vascular invasion. As a genetic feature, the
proportion of EGFR mutants was significantly higher in
the recurrence group than in the non-recurrence group
(P=0.044). Additionally, 2DS, SUVmax on FDG-PET/CT,
and serum CEA levels, which had previously been identified
as prognostic factors in lung cancer patients (19-21), did not
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Figure 1 Tumor assessment using a 3D image analysis system in both recurrent and non-recurrent cases. (A) Histogram of 3D area from
-600 to 199 HU. Each bar represents the median volume of all recurrent and non-recurrent cases. 3DV (B) and from 0 to 199 HU 3DSV) (C)

were compared between recurrent and non-recurrent cases. The 3DV and 3DSV were significantly higher in recurrent cases than in non-

recurrent cases. ¥, P<0.05; **, P<0.01. non rec, non-recurrence; rec, recurrence; CT, computed tomography; 3DV, three-dimensional tumor
volume between -600 and 199 HU; 3DSV, three-dimensional solid volume between 0 and 199 HU; 3D, three-dimensional.

differ significantly between two groups.

Significance of the tumor volumetry on CT for the
prognosis of patients with solid lung adenocarcinoma

Figure 1A depicts histograms based on 3D volumetry for
solid lung adenocarcinoma, with each bar representing
median tumor volumes of recurrent (red) or non-recurrent
(blue) cases, which were segmentalized in increments of
10 HU. Total tumor 3DV was higher in the recurrent
group compared to the non-recurrent group (P=0.019,
Figure 1B). However, the significance of each subdivided
volume differed between recurrent and non-recurrent
cases, with the 3D volume with 0-199 HU (3DSV) being
significantly higher in recurrent cases (P=0.009, Figure 1C,
Table S2). Therefore, we hypothesized that 3DSV would
be associated with solid tumor malignancy and affect the
postoperative prognosis of the patient.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Survival analysis stratified by volumetry value

We performed DFS analysis based on several radiological
values, including 2DS, 3DV, and 3DSV (Figure 2) and
DEFS was significantly differing only according to 3DSV
(log-rank test for 2DS: P=0.332, 3DV: P=0.240, 3DSV:
P=0.013). The univariate analysis indicated that pleural
invasion [hazard ratio, 3.389; 95% confidence interval (CI),
1.360-8.449], EGFR mutation (hazard ratio: 2.313; 95%
CI: 1.068-5.011), 3DSV (hazard ratio: 2.295; 95% CI:
1.307-4.028) and 3DSV/3DV (hazard ratio: 1.055; 95% CI:
1.010-1.012) were significantly related to DFS (7able 2).
The multivariate analysis revealed a significant association
between 3DSV (hazard ratio: 2.440; 95% CI: 1.110-5.361)
and EGFR mutation (hazard ratio in Model 2DS: 4.471,
95% CI: 1.401-14.270; hazard ratio in Model 3DV: 4.477,
95% CI: 1.368-14.649; hazard ratio in Model 3DSV: 4.307,
95% CI: 1.328-13.977) and DFS (Table 3). Univariate
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Figure 2 DFS predictive value of radiological parameters. DFS curves for 90 solid lung adenocarcinomas were stratified by 2DS (A), 3DV

(B), and 3DSV (C). DFS curves stratified by 3DSV-derived diameter more accurately classified postoperative survival than those stratified by
2DS and 3DV-derived diameter (log-rank test for 2DS: P=0.332, 3DV: P=0.240, 3DSV: P=0.013). 2DS, tumor size on the two-dimensional
axial image; 3DV, three-dimensional tumor volume between -600 and 199 HU; 3DSV, three-dimensional solid volume between 0 and 199
HU; DFS, disease-free survival.

Table 2 Univariate analysis with Cox proportional hazard model

for disease-free survival

Variables Hazard ratio (95% Cl) P value
Age (years) 0.994 (0.945-1.045) 0.807
Female sex 1.711 (0.791-3.701) 0.172
Pleural invasion 3.389 (1.360-8.449) 0.009
Lymphatic invasion 1.995 (0.885-4.500) 0.096
Vascular invasion 2.319 (0.869-6.188) 0.093
SUVmax on FDG-PET 1.495 (0.763-2.930) 0.242
CEA 1.077 (0.728-1.593) 0.712
EGFR mutation 2.313 (1.068-5.011) 0.034
GGO 1.931 (0.886-4.209) 0.098
2DS 1.292 (0.826-2.020) 0.262
3DV* 1.585 (0.986-2.548) 0.057
3DSV** 2.295 (1.307-4.028) 0.004
3DSV/3DV (%) 1.055 (1.010-1.012) 0.016

*, converted diameter derived from 3DV, **, converted diameter
derived from 3DSV. ClI, confidence interval; SUVmax, maximum
standard uptake value; FDG-PET, ['®F] fluorodeoxyglucose
positron emission tomography; CEA, carcinoembryonic antigen;
EGFR, epidermal growth factor receptor; GGO, ground-glass
opacity; 2DS, tumor size on the two-dimensional axial image;
3DV, three-dimensional tumor volume between -600 and
199 HU; 3DSV, three-dimensional solid volume between 0 and

199 HU.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

ROC analysis for 5-year DFS was performed on the 2DS,
3DV, and 3DSV and 3DSV indicated highest AUC in these
three radiological findings (2DS: AUC =0.653, 3DV: AUC
=0.656, 3DSV: AUC =0.714) (Figure 34). Multivariate ROC
analysis was conducted for pleural invasion and EGFR
mutation in addition to three radiological findings, and
3DSV showed the greatest AUC 2DS: AUC =0.783, 3DV:
AUC =0.747, and 3DSV: AUC =0.805) (Figure 3B).

Cross-point between CT volumetry and pathological
findings

Table 4 displays the pathological findings of 90 solid lung
adenocarcinomas. The median values of both maximum
tumor and invasive diameter did not differ significantly
between the two groups. On the other hand, PIV and
the proportion of moderate differentiated part were
significantly higher in the recurrent group than in the
non-recurrent group (invasive volume: P=0.034; moderate
differentiated part: P=0.044). When PIV was compared
to 3DV and 3DSV on multidetector CT, it was found to
be very similar with 3DSV, but significantly lower than
3DV (P<0.001, mean square error for 3DSV: 0.420, mean
square error for 3DV: 1.152, Figure 44,4B). Figure 5 depicts
a comparison of pathologic and CT findings. These two
cases had similar 3DV (Figure SA: 13,237 mm’, Figure 5B:
12,913 mm’), but the recurrent case had a much larger
3DSV (Figure 5C: 9,043 mm’, Figure 5D: 5,644 mm’). The
recurrent case had no lepidic pattern in the pathologic finding
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Model 2DS Model 3DV Model 3DSV
Variables
Hazard ratio (95% CI) P value Hazard ratio (95% Cl) P value Hazard ratio (95% CI) P value

Age (years) 0.974 (0.914-1.039) 0.428 0.982 (0.921-1.048) 0.586 0.995 (0.933-1.060) 0.875
Female 0.978 (0.292-3.278) 0.972 0.920 (0.276-3.063) 0.892 0.816 (0.246-2.700) 0.739
Pleural invasion 2.776 (0.933-8.266) 0.067 3.053 (0.992-9.397) 0.052 2.862 (0.993-8.248) 0.052
Lymphatic invasion  1.727 (0.665-4.483) 0.262 1.703 (0.649-4.473) 0.280 1.569 (0.578-4.258) 0.377
Vascular invasion 2.453 (0.620-9.704) 0.201 2.529 (0.613-10.428) 0.199 1.889 (0.427-8.367) 0.402
SUVmax 1.428 (0.472-4.324) 0.529 1.848 (0.604-5.653) 0.282 1.234 (0.389-3.908) 0.721
CEA 0.946 (0.594-1.506) 0.814 0.942 (0.608-1.461) 0.791 0.979 (0.613-1.564) 0.931
EGFR mutation 4.471 (1.401-14.270) 0.011 4.477 (1.368-14.649) 0.013 4.307 (1.328-13.977) 0.015
2DS 1.678 (0.892-3.156) 0.108 - - - -
3DV* - - 1.157 (0.585-2.286) 0.675 - -
3DSV* - - - - 2.440 (1.110-5.361) 0.026

T, converted diameter derived from 3DV; ¥, converted diameter derived from 3DSV. 2DS, tumor size on the two-dimensional axial image;
3DV, three-dimensional tumor volume between —-600 and 199 HU; 3DSV, three-dimensional solid volume between 0 and 199 HU; ClI,
confidence interval; SUVmax, maximum standard uptake value; CEA, carcinoembryonic antigen; EGFR, epidermal growth factor receptor.
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Figure 3 Discrimination performance for 2DS, 3DV, and 3DSV to predict 5-year DFS. The univariate ROC analysis revealed that 3DSV
indicated the highest AUC in these 3 radiological findings (A). Multivariate analysis, including pleural invasion, EGFR mutation, and three

radiological findings revealing 3DSV, indicated the greatest AUC (B). 2DS, tumor size on the two-dimensional axial image; 3DV, three-
dimensional tumor volume between -600 and 199 HU; 3DSV, three-dimensional solid volume between 0 and 199 HU; DFS, disease-free

survival; ROC, receiver operating characteristic; AUC, area under the curve; EGFR, epidermal growth factor receptor.

(Figure SE), whereas non-recurrent case had a lepidic pattern
(Figure 5F), and high-power histopathologic images showed
the difference between two cases more clearly (Figure 5G,5H).
The lepidic growth region was excluded by 3DSV on CT,
indicating the reproducibility between preoperative 3DSV
and postoperative pathological invasiveness.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Discussion

Lung cancers can be classified as solid or subsolid based on
the density features on CT scans, with markedly differing
morphological and pathological characteristics (22,23). Solid

lung cancerous nodules have poorer prognosis than subsolid
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Table 4 The comparison of pathological findings between recurrence and non-recurrence

Variables Recurrence (n=26) Non-recurrence (n=64) P value
Maximum tumor diameter (mm) 22.5[18.3-26.8] 19 [14.8-25.0] 0.148
Maximum invasive diameter (mm) 21.0[16.0-26.8] 18.0 [13.8-22.0] 0.145
Invasive volume (mm?®) 1,943 [890-4,202] 1,521 [668-2,580] 0.034
Differentiation (%)
Well 10 [5-15] 5[0-15] 0.818
Moderate 75 [33-80] 45 [20-75] 0.044
Poor 15 [5-59] 50 [5-80] 0.100
Grade, n (%) 0.147
1 0(0.0) 1(1.5)
2 14 (53.8) 22 (34.3)
3 12 (46.2) 34 (53.1)
Unknown 0(0.0) 7 (10.9)
Data are shown as median [IQR] or n (%). IQR, interquartile range.
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Figure 4 Scatter plots showing the relationship between PIV and radiological parameters for 90 solid lung adenocarcinomas. The dashed

line indicated an equal value between the x and y axis. PIV was smaller than 3DV (A) and similar to 3DSV (B). The mean square error for

3DV and 3DSV were 1.1523 and 0.420, respectively. PIV, pathological invasive volume; 3DV, three-dimensional tumor volume between
-600 and 199 HU; 3DSV, three-dimensional solid volume between 0 and 199 HU.

nodules due to their faster growth and rapid metastases
(24-26). Actually, patients with solid nodules showed a
significantly worse postoperative prognosis than patient
with subsolid nodules (12). In this study, however, over
70% of patients with stage I solid lung adenocarcinoma had
no postoperative recurrence. Therefore, investigating the
recurrence of early-stage solid lung cancer is important for
efficiently distinguishing postoperative high-risk patients.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Since the 8" edition of the TNM classification system
for lung cancer (27), T description has been determined
by invasiveness rather than the largest diameter of the
tumor. Several studies have been conducted to investigate
the relationship between radiological C/T ratio and
pathological findings in patients with lung adenocarcinoma
(28-30). The most basic method for determining the
size of a solid component is conventional 2D diametrical
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Non-recurrent

Recurrent

Non-recurrent

Recurrent

Figure 5 Representative of recurrent and non-recurrent cases similar to 3DV. Axial and 3DSV CT images for recurrent and non-recurrent

case (A-D). Low-power and high-power histopathologic images with hematoxylin and eosin staining for recurrent and non-recurrent

case (E-H). Blue and red lines indicate invasive and lepidic boundary. Pink area in (C) and (D) shows solid component with 0-199 HU,

and measured values of 3DV, 3DSV, and PIV were 13,237 mm’® (recurrent) and 12,913 mm’ (non-recurrent), 9,043 mm’ (recurrent) and

5,644 mm’ (non-recurrent), 10,472 mm”® (recurrent) and 5,079 mm’ (non-recurrent), respectively. Although 3DV was similar between

two cases, 3DSV was higher in recurrent cases than in non-recurrent case. PIV was close to 3DSV in both cases. Scale bar in the

histopathological images indicates 1 mm. 3DV, three-dimensional tumor volume between -600 and 199 HU; 3DSV, three-dimensional solid

volume between 0 and 199 HU; CT, computed tomography; PIV, pathological invasive volume.

measurement. Tumor solid components, on the other hand,
are frequently spherical and irregular in shape. Even if the
maximum size of the multiplanar images was assessed, the
diagnostic accuracy for predicting recurrence remained
unchanged (31). As a result, 3D assessment of the solid
component is critical to improving recurrence diagnosis
accuracy in solid or subsolid lung tumors.

To decide on the optimal border of the CT number
between recurrence and non-recurrence, we compared
the volume distribution for solid lung adenocarcinoma
and found that 3DSV indicated significant difference
between two groups and this finding is consistent with a
recent paper that found measuring 3D solid volume greater
than 0 HU predicted the prognosis of part-solid lung
cancer (10). Additionally, no recurrent patient has a 3DSV
value less than 516 mm’. The value of 516 mm’ is close to
520 mm’, which is the volume of a sphere with a diameter
of 10 mm and correspond to the TNM categorization
boundary between T'la and T1b (7). Moreover, 3DSV had

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

an optimal AUC value and was an independent prognostic
predictor unlike serum CEA level and SUVmax on FDG-
PET/CT, which were previously identified as predictors
of postoperative survival (21,32,33). Furthermore, we
investigated other prognostic factors, including the
presence of the GGO component and the 3DSV/3DV
ratio. However, the diagnostic performance of the above
factors was not superior to 3DSV, probably because this
study only enrolled patients with early-stage solid lung
adenocarcinoma on CT. However, 3DSV worked well as a
prognostic factor for this patient population. We need to
continue the study for any kind of lung adenocarcinoma,
including solid and part-solid nodules, to confirm the
usefulness of 3DSV in clinical practice.

On a CT scan, distinguish the GGO or noninvasive
component from the solid component can be difficult.
According to previous research, the boundary value for the
visually assessed solid region on the lung window settings is
-160 HU (5). However, intratumoral collapse, fibrosis, and
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oncologic invasive components were included in the visually
assessed solid component. Based on the clinically significant
results in our study, we assumed that 3DSV would be
an important preoperative detector of precise invasive
component. This finding demonstrated the importance of
preoperative 3DSV evaluation in predicting postoperative
prognosis and pathological malignancy of the tumor. Solid
lung adenocarcinoma with high 3DSV has a high risk of
postoperative recurrence, and even if it is pathological stage
I, close follow-up with imaging and tumor markers may be
required after surgery.

Our study had some limitations. First, this was a
retrospective study with a single institution and a small
number of patients. Consequently, additional research
involving multiple centers may be required. Second, only
DFS was used to assess patient survival since the prognosis
for patients with recurrence has improved due to the
recent introduction of a tyrosine kinase inhibitor that is
effective against the majority of adenocarcinomas with
certain genetic alterations (34). Third, 2D total size was
subjectively assessed without the use of computer-assisted
diagnosis. The survival analysis for 2DS should be enhanced
if computer-aided diagnostics could determine the solid
maximum diameter of the solid tumor.

Conclusions

The preoperative assessment of 3DSV, which is highly
correlated with PIV, accurately predicted the postoperative
prognosis in patients with early-stage solid lung
adenocarcinoma.
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