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Preoperative Helical Dynamic Enhanced Multidetector Row
Computed Tomography: Can It Be a Prognostic Indicator

in Early-Stage Non–small Cell Lung Cancer?

Jung Won Moon, MD,* Chin A Yi, MD,* Kyung Soo Lee, MD,* Sook Young Woo, MS,† O Jung Kwon, MD,‡

Ehwa Yang, PhD,* Jae-Hun Kim, PhD,* and Joungho Han, MD§
Objective: This study aimed to investigate the prognostic significance of
dynamic contrast-enhanced computed tomography in patients with stage IA
non–small cell lung cancer (NSCLC).
Methods: We retrospectively enrolled 139 patients (77 men, 62 women;
mean age, 59 years) with stage IA NSCLC who underwent dynamic contrast-
enhanced computed tomography. Data on age, pathologic subtype, peak en-
hancement, and net enhancement of primary lung cancer were collected
and correlated with 5-year survival.
Results: Peak enhancement had a significant correlation with overall sur-
vival in the univariable analysis (hazard ratio [HR], 1.18, confidence inter-
val [CI], 1.01–1.38; P = 0.04) and in the multivariable analysis (HR, 1.19;
CI, 1.01–1.39;P = 0.04). Patients with peak enhancement of 90Hounsfield
unit or higher had a significantly increased risk of death compared with pa-
tients with less enhancement after curative surgery (HR, 4.15; CI, 1.23–
13.95; P = 0.02).
Conclusions: Our study confirmed the prognostic significance of peak
enhancement as an indicator for the overall survival of stage IA NSCLC.

Key Words: NSCLC, DCE CT, peak enhancement, net enhancement,
overall or progression-free or metastasis-free survival
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T umor growth and metastasis require neoangiogenesis for its
blood supply from preexisting vessels when a primary tumor

grows beyond a few hundred micrometers to 1 mm in diameter.1,2

Without angiogenesis, a tumor cannot expand its volume in the
primary site and cannot metastasize to other sites. Therefore, tu-
mors activate angiogenesis genes mainly through the vascular en-
dothelial growth factor (VEGF) signaling the pathway to stimulate
the formation of new blood vessels. Therefore, angiogenesis is an
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essential step for tumor growth and has been a target of novel
antiangiogenesis therapy in cancer treatment such as bevacizu-
mab, anti-VEGF factor A antibody. Tumor angiogenesis can be di-
rectly measured by counting microvessel density (MVD) on path-
ologic slides of a surgical specimen. It is regarded as a quantitative
biomarker of tumor growth and expected to play a role as a prog-
nostic factor for the prediction of metastasis and survival. In breast,
colon, and early-stage lung cancers, higher MVD correlates with a
higher chance of metastasis and poorer prognosis.3–6

Helical dynamic computed tomography (CT) scan is consid-
ered to be one of the most useful diagnostic tools for the evalua-
tion of malignant and benign nodules by demonstrating the higher
peak enhancement (PE) and net enhancement (NE) in malignant
nodules. The PE of malignant nodules showed a significant corre-
lation with VEGF and MVD.7,8 Microvessel density in malignant
nodules is considered to play a role as a prognostic indicator in
non–small cell lung cancer (NSCLC). Several studies show that
tumor neoangiogenesis, as measured byMVD, is a prognostic fac-
tor for both overall and disease-free survival in lung cancer. The
extent of tumor enhancement on CT, which can be measured non-
invasively and repeatedly, is correlated with VEGF expression in
NSCLC.9 However, there has been no report that can demonstrate
the direct correlation between the extent of enhancement on CT
and the prognosis of early NSCLC.

We aimed to evaluate the value of dynamic enhancement as a
prognostic factor in stage IANSCLC, through analyzing the relation-
ship of the extent of enhancement of NSCLC with overall (OS),
progression-free (PFS), and metastasis-free survival (MFS) after
curative surgery.

MATERIALS AND METHODS

Patients
An institutional review board approved this study with a waiver

of informed consent. From2003 to 2007, 706 patientswith suspected
solitary pulmonary nodule underwent helical dynamic CT. Excluding
typical benign nodules based on CT images such as nodules with
benign features of calcification or fat internal characteristics (n = 59),
patients with nodules that have a possibility of malignancy (n = 647)
were candidates for percutaneous needle biopsy. Percutaneous needle
biopsy was feasible in 376 patients. If percutaneous needle biopsy
was not feasible, regular observation or biopsy for any extrathoracic
lesions with a possibility of malignancy was done (Fig. 1).

Among patients who could have pathologic diagnosis for a
solitary pulmonary nodule, 218 nodules were confirmed as NSCLC.
Other nodules included benign nodules (n = 118), metastasis from
extrathoracic malignancy (n = 35), and small cell lung cancer
(n = 5). After conventional workup such as physical examination,
laboratory tests, bronchoscopy, mediastinoscopic biopsy, and pos-
itron emission tomography/CT, curative surgery was performed in
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FIGURE 1. Flow sheet showing patient selection.
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157 patients. Inoperable patients include the presence of N2 nodes
(n = 7) or distant metastasis (n = 54). Finally, 139 patients (male-
to-female ratio, 77:62; mean age, 59 years; range, 24–81 years)
who underwent preoperative dynamic contrast-enhancedCTand sub-
sequent curative surgery were included in this study. About 25% of
this study population has been previously reported in the article by
Jeong et al.10 In this study, Jeong et al analyzed the diagnostic ef-
ficacy of helical dynamic CT for the differentiation of benign and
malignant nodules, but this study did not analyze the survival of
this study population.
Image Acquisition and Analysis
Targeted thin-section CT scans were performed around nod-

ules with the helical technique (120 kVp; 90 mA; 0.8-seconds gan-
try rotation time; beam width, 10 mm; table speed, 13.75 mm per
rotation; reconstruction performed with a bone algorithm; and
1.25-mm section thickness) before intravenous contrast adminis-
tration. Dynamic images on a 30-second interval (30, 60, 90, and
120 seconds) and delayed images on 5 and 15minutes were obtained
after contrast administration (with an infusion rate of 3 mL/s, for a
total of 120mL of Iomeron 300 [Iomeprol]; Bracco,Milan, Italy) with
a power injector (MCT Plus; Medrad, Pittsburgh, Pennsylvania).
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
For clinical staging, helical CT scans (120 kVp; 125 mA; beam
width, 20 mm; table speed, 27.5 mm per rotation; reconstruction
with a bone algorithm; and 5 mm thick) were performed after a dy-
namic study, covering the whole lung and upper abdomen at the
level of the middle pole of both kidneys.

All CT scans were directly displayed with 2.5-mm recon-
structed slice thickness on the picture archiving and communication
system (MT; General Electric Medical Systems Integrated Imaging
Solutions, Prospect, Illinois).

Two thoracic radiologists (with 5 and 17 years of experience
in chest CT scan interpretation) reviewed chest CTs. We picked a
2-dimensional axial image with the largest long axis of the nodule
on the picture archiving and communication system, and then
measured the size on lung window setting and the attenuation
value (in Hounsfield unit [HU]) on mediastinal window setting
with 2.5-mm slice thickness for the analysis of the nodule. The
heterogeneity of nodule attenuation can be resulted from necrosis,
cystic degeneration, calcification, and ground-glass attenuation,
and even partial volume of the nodule on some slices can cause at-
tenuation measurement error especially for small nodules. Thus,
to get adequate attenuation revealing the most proliferative MVD
foci, we put the maximum-sized region of interest over the highest
attenuation portion of nodule at each given acquisition time point,
www.jcat.org 309
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TABLE 1. Patient Characteristics: Clinical Features and CT
Findings (n = 139)

Characteristics n

Age (mean, range), y 59 (24–81)
Sex, %
Male 77 (55.4)
Female 62 (44.6)

Pathology, %
Adenocarcinoma 114 (82.0)
Squamous cell carcinoma 17 (12.2)
Large cell neuroendocrine carcinoma 4 (2.9)
Pleomorphic carcinoma 2 (1.4)
Adenosquamous carcinoma 2 (1.4)

Prognosis, %
Progression-free 86 (61.9)
Progression 53 (38.1)

Death 26 (18.7)
Local recurrence 8 (5.8)
Metastasis 36 (28.8)

CT findings, mean ± SD (range)
Size, mm 21 ± 5.7 (6–30)
NE, HU 53 ± 18.5 (11–147)
PE, HU 97 ± 21 (42–189)
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from unenhanced images to 15-minute images. Parameters from
dynamic enhancement characteristics were values of PE and NE
(PE − unenhanced attenuation). The phase of brightest attenuation
was chosen for the PE measurement.

Prognosis Evaluation
Overall survival, PFS, and MFS were evaluated on an elec-

tronic chart review. Overall survival was defined as an interval be-
tween the CTacquisition date and the date of death or last follow-
up date. Disease progression was defined as 1 of 3 occasions: (a)
the intrathoracic recurrent mass around the stump area, lymphade-
nopathy, or pleural seeding; (b) newmetastasis on dedicated imag-
ing or pathology; or (c) death. Progression-free survival was de-
fined as an interval between the CT acquisition date and the first
presentation of progression. Metastasis-free survival was defined
as an interval between the CTacquisition date and newmetastasis.
Median follow-up period was 74 months.

Statistical Analysis
Possible prognostic indicators for OS, PFS, andMFSwere eval-

uated in terms of age, sex, pathology, and the parameters from dy-
namic helical CT (PE and NE). The pathologic typewas divided into
adenocarcinoma and others. The unit changes of PE and NE values
were regarded as the 10-HU increase or decrease in CT attenuation.

Univariable and multivariable analyses were done. Overall
survivalwas estimated usingCox regression analysis. Efronmethod
was used to handle ties in the failure time. The proportional hazards
assumption was confirmed by examining the log (−log[survival])
curves and by testing the partial (Schoenfeld) residuals, and no rel-
evant violations were found.11 Competing regression analysis was
used for PFS and MFS. Death was regarded as a competing risk.
The proportional hazards assumption was confirmed by examining
the log (−log[1 − CIF]) plot against log(time), where CIF is the cu-
mulative incidence function for the progression. Because PE had
multicollinearity with NE, multivariable analysis was performed
separately for each (one time with only PE included and the other
time with only NE included).

Cutoff values were decided using the log-rank test to indicate
the level of the largest drop of survival.12 Patients with enhancing
nodules more than the cutoff values of PE or NE were considered
as a high-risk group. Likewise, patients with less enhancing nod-
ules were considered as a low-risk group for OS, PFS, and MFS.

In all tests, a P value <0.05 was statistically significant. Statistical
analysis was performed using SAS 9.3 (SAS Institute Inc, Cary, North
Carolina) and ‘cmprsk’ package inR3.0.1 (RFoundation for Statistical
Computing, Vienna, Austria; http://www.R-project.org/).
RESULTS

Patient Characteristics
Patients' characteristics are demonstrated in Table 1 (n = 139).

Adenocarcinoma accounts for the majority of pathologic-type lung
cancer (n = 114), followed by squamous cell carcinoma (n = 17),
large cell neuroendocrine carcinoma (n = 4), pleomorphic carci-
noma (n = 2), and adenosquamous carcinoma (n = 2). Mean size
of the 139 nodules was 21 ± 5.7 mm (range, 6–30 mm).

Twenty-six patients died on follow-up. Eight patients showed
local recurrence at stump. One patient had both local recurrence
and metastasis. Thirty-six patients showed new metastasis in 63
sites. Lung-to-lung metastasis was most common (n = 33; median
duration, 76 months), followed by bone (n = 9; median duration,
20 months), brain (n = 8; median duration, 20 months), lymph
node (n = 4; median duration, 39 months), cerebrospinal fluid
310 www.jcat.org
(n = 3; median duration, 24 months), adrenal gland (n = 1; median
duration, 31 months), peritoneum (n = 1; median duration,
31months), kidney (n = 1; median duration, 25months), backmus-
cle (n = 1; 23 median duration, months), ureter (n = 1; 10 median
duration, months), and liver (n = 1; median duration, 6 months).

Median survival was as follows: OS, 77 months (range, 1–
102 months); PFS, 74 months (range, 1–102 months); and
MFS, 75 months (range, 1–102 months).

Univariable and Multivariable Analyses
Regarding Survival

On univariable analysis, age and PE were significantly asso-
ciated with OS (Table 2). Older patients showedworse OS (hazard
ratio [HR], 1.05; confidence interval [CI], 1.01–1.09; P = 0.01).
Lager PE value was a worse prognostic factor for OS (HR, 1.18;
CI, 1.01–1.38; P = 0.04). Adenocarcinoma showed a high HR
of 2.26 but was not significant. Net enhancement was not a signif-
icant factor for OS. Neither NE nor PE was a significant factor for
PFS and MFS.

Multivariable analyses are demonstrated in Table 3, includ-
ing PE and NE in turn. Peak enhancement was significantly corre-
lated with OS (HR, 1.19; CI, 1.01–1.39; P = 0.04), but not for PFS
and MFS (P > 0.05). Age was a significant prognostic factor on
multivariable analysis including NE (HR, 1.04; CI, 1.00–1.08;
P = 0.04). Sex, pathology, and NE were not significant factors
in multivariable analysis regarding OS, PFS, and MFS.

Cutoff Value Differentiating High- and Low-
Risk Groups

For OS, the cutoff value was determined at 90 HU of PE,
which showed the significant drop of survival (P = 0.01, Fig. 2).
Thus, PE of 90 HU could be the cutoff value differentiating high-
and low-risk groups (Fig. 3). Stage IA NSCLC with high PE
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Univariable Analysis Regarding OS and PFS

Variables

OS* PFS† MFS†

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age‡ 1.05 (1.01–1.09) 0.01 0.98 (0.95–1) 0.07 0.98 (0.95–1.01) 0.28
Sex§ 0.44 (0.19–1.05) 0.06 0.95 (0.52–1.71) 0.85 1.03 (0.53–1.98) 0.93
Pathology|| 2.26 (0.98–5.20) 0.06 0.55 (0.22–1.4) 0.21 0.74 (0.29–1.93) 0.54
Peak¶ 1.18 (1.01–1.38) 0.04 1.02 (0.88–1.17) 0.82 1.05 (0.91–1.21) 0.51
Net¶ 1.14 (0.96–1.36) 0.13 1.12 (0.97–1.28) 0.12 1.12 (0.97–1.29) 0.14

Bold items are statistically significant results.

*Cox regression model was used.

†Competing regression model was used.

‡Older age.

§Female sex.

||Adenocarcinoma versus others.

¶Per 10 HU.
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(>90 HU) showed more than 4 times increased risk of death in OS
than stage IA NSCLCwith less than 90 HU PE (Table 4; HR, 4.15;
CI, 1.23–13.95; P = 0.02; Fig. 4).
DISCUSSION
Tumor angiogenesis is a major mechanism of tumor growth,

recurrence, and metastasis, thus the antiangiogenic cancer therapy
using direct and indirect angiogenesis inhibitors improved survival
in the treatment of NSCLC.13–15 In patients with lung cancer, the
extent of tumor angiogenesis measured using the microvessel count
and VEGF expression are generally accepted as an indicator of tu-
mor aggressiveness and survival,3,4,9 but these parameters can only
be quantified based on the surgical specimen. Computed tomography
TABLE 3. Multivariable Analysis Regarding OS and PFS

Variables

OS*

HR (95% CI) P HR (9

Age‡ 1.04 (0.99–1.08) 0.06 0.97 (0
Sex§ 0.55 (0.22–1.37) 0.2 0.76 (0
Pathology|| 1.74 (0.71–4.25) 0.23 0.59 (0
Peak¶ 1.19 (1.00–1.03) 0.04 1.04 (0

Variables

OS*

HR (95% CI) P HR (95%

Age‡ 1.04 (1.00–1.08) 0.04 0.97 (0.94
Sex§ 0.56 (0.23–1.4) 0.22 0.75 (0.41
Pathology|| 1.8 (0.73–4.4) 0.2 0.62 (0.24
Net¶ 1.16 (0.99–1.03) 0.08 1.12 (0.98

Bold items are statistically significant results.

Because PE had multicollinearity with NE, multivariable analysis was perfor
with only NE included).

*Cox regression model was used.

†Competing regression model was used.

‡Older age.

§Female sex, compared with male.

||Adenocarcinoma versus others.

¶Per 10 HU.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
scans play an efficient and significant role in the diagnosis and
follow-up surveillance of lung cancer.16,17 The extent of tumor en-
hancement on CT scans can be measured repeatedly and noninva-
sively and quantified as a parameter of tumor vascularity.7,18,19

In this study, we demonstrate the PE on helical dynamic CT
as a significant predictor of OS in stage IA NSCLC. Patients with
a PE value more than 90 HU are presumed to have 4 times higher
risk of death after curative surgery than patients with a PE value
lower than 90 HU (HR, 4.15; CI, 1.23–13.95). Although we did
not measure the MVD or VEGF on surgical specimens of our pa-
tients for the correlation with PE or NE, consistent results were ex-
pected with the prior study showing a significant correlation be-
tween PE and MVD or VEGF.7 Tateishi et al19 also suggested
the significant correlation between PE and VEGF expression,
PFS† MFS†

5% CI) P HR (95% CI) P

.95–1) 0.08 0.98 (0.95–1.02) 0.28

.41–1.42) 0.39 0.91 (0.47–1.78) 0.79

.23–1.53) 0.28 0.81 (0.3–2.17) 0.68

.91–1.18) 0.6 1.06 (0.93–1.22) 0.37

PFS† MFS†

CI) Variables HR (95% CI) P

–1) 0.07 0.98 (0.95–1.02) 0.28
–1.39) 0.36 0.9 (0.46–1.77) 0.76
–1.59) 0.32 0.84 (0.32–2.24) 0.73
–1.29) 0.1 1.12 (0.97–1.3) 0.12

med separately for each (one time with only PE included and the other time
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FIGURE 2. Log-rank test to compare the survival distribution at
different cutoff points of PE. Themost significant expression cutoff
for survival analysis was the PE at 90 HU.

TABLE 4. Multivariable Analysis Regarding Peak Value 90 HU as
the Cutoff

Variables

OS*

HR (95% CI) P

Age† 0.53 (0.21–1.34) 0.18
Sex‡ 1.04 (1–1.08) 0.08
Pathology§ 1.41 (0.57–3.49) 0.46
Peak|| 4.15 (1.23–13.95) 0.02

Bold items are statistically significant results.

*Cox regression analysis was done.

†Older age.

‡Female sex, compared with male.

§Adenocarcinoma versus others.

||Less than 90 HU versus more than 90 HU.
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and the significant correlation between PE in VEGF-positive tu-
mor and MVD. Therefore, this study extends upon the correlation
between PE and MVD to investigate the clinical relevance of PE
as a prognostic indicator for lung cancer survival.

Peak enhancement showed a significant correlation with prog-
nosis; lung cancer patients with PE higher than 90 HU showed a
higher risk of death on follow-up after curative surgery for stage
IANSCLC, but NE did not. Net enhancement is the difference be-
tween PE and the attenuation value on precontrast images. Peak
enhancement is the highest enhancement value on multiphase dy-
namic enhancement CT. We presume that precontrast attenuation
values also can reveal denser tumor vasculature or denser tumor
cellularity in more aggressive lung cancers by showing higher
precontrast attenuation values and subsequently minimizing the
effect of NE in tumor angiogenesis when subtracting the precontrast
attenuationvalues.WhenNEwas correlated with the direct markers
for tumor angiogenesis, it showed aweak correlation with MVD or
VEGF in the previous study.7
FIGURE 3. Overall survival curves separated by the cutoff value 90
HU PE. Patients with stage IA lung cancers that were enhanced
more than 90 HU at its PE on CT showed poorer survival than
patients who had stage IA lung cancer with less enhancement.
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We included only stage IA NSCLC because the effect of tu-
mor angiogenesis on patients' survival can be clearly seen when
the stages of lung cancer are all the same within the study group
of patients, because the stages are the well-known splitters for pa-
tients' survival. Other factors that may have effect on survival such
as age, sex, and pathologic subtype were also included in the mul-
tivariate analysis, and PE was found as an independent factor for
the prediction of patients' survival.

For PFS and MFS, however, PE did not show a significant
correlation in this study. Fontanini et al3 suggested that the
microvessel count was correlated with hilar and mediastinal node
metastasis on initial diagnosis and distant metastasis on 2-year
follow-up. Tateishi et al19 also demonstrated that PE of a tumor
was significantly greater in N1–2 stage than N0. These prior stud-
ies included advanced cases that had grownwith neoangiogenesis,
which facilitate the invasion of the extracellular matrix and the
subsequent vascular dissemination of tumor cells. In contrast, we
included only early lung cancers, which were surgically removed
at the time of diagnosis; thus, the number of tumors with vascular
invasion was presumed relatively small in number and extent, com-
pared with advanced lung cancers, so the chance of metastasis on
follow-up was also decreased. If we follow up a longer period of
time like a 10-year survival rate, higher PE might be found as a sig-
nificant risk factor for the longer PFS or MFS.

Adenocarcinoma showed a broad range of HR from 0.98 to
5.2 for OS, compared with other NSCLC types. The International
Association for the Study of Lung Cancer, the American Thoracic
Society, and the European Respiratory Society classified a broad
range of histologic subtypes of most invasive adenocarcinomas.20

The subtypes included lepidic-growth predominant, acinar pre-
dominant, papillary predominant, micropapillary predominant,
and solid predominant types. Each predominant type can lead to
a different spectrum of prognosis. Some studies reported that
lepidic-predominant adenocarcinomas are low grade; acinar and
papillary tumors are intermediate grade; solid and micropapillary
tumors are high grade.21 We presumed that the wide range of his-
tologic grades of adenocarcinoma of the lung caused a wide range
of consequences in lung cancer survival. Although adenocarcino-
mas are expected to show poor survival than other cell types of
NSCLC, the HR of adenocarcinoma was not significantly differ-
ent from the wide-range CI.

Therewere a few limitations in this study. First, our study ret-
rospectively enrolled patients based on the electronic chart review,
and some extent of selection bias or confounding factors could be
involved in this process. When we see a prospective lung cancer
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. A 34-year-old woman with T1b N0 M0 adenocarcinoma. The attenuations of tumor nodule on dynamic contrast-enhanced CT
were 23.3 HU on precontrast image (A), 105.7 HU on 30 seconds (B), and 65.4 HU on 15 minutes (C) after contrast administration. Peak
enhancement was 105.7 HU, and NE was 82.4 HU. After 6 months of the curative surgery metastasis of the brain (D; white arrows on brain
MR) and bone (E; black arrows on bone scan) developed. The patient died after 24 months of the curative surgery.
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screening study like the international early lung cancer action pro-
ject, they did CT screening for lung cancers in 31,567 patients.
Three hundred two patients underwent surgical resection and con-
firmed to have stage I lung cancers.22 One hundred thirty-nine pa-
tients underwent surgery for lung cancer and were confirmed to
have stage IA lung cancers in our study. The number of 139 pa-
tients who were enrolled in our study was about half compared
with this large-scale prospective screening study, whereas the
process—from clinically suspected malignant solitary pulmonary
nodule to surgery—was not different from this prospective study.

Second, the measured value of HU on CTwas used as an indi-
rect marker of neoangiogenesis but is not the same as the direct
measurement of MVD of surgical specimens. On the other hand,
these quantitative imagingmarkers from dynamic helical CTor per-
fusion magnetic resonance imaging have advantages over direct
markers from pathology. Imaging markers can be measured nonin-
vasively, repeatedly, and quantitatively. Therefore, they can be used
as prognostic indicators at the initial staging workup but also used
as quantitative markers when response evaluations are needed.

We proved PE on dynamic CTwas an independent prognos-
tic indicator for the death of patients with stage IA NSCLC. The
PE of 90 HU or higher predicts a higher risk of survival after cu-
rative surgery for stage IA NSCLC. This result may suggest that
more intensive treatment consideration such as antiangiogenic
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
agents or closer follow-up monitoring for progression might be
needed in patients with aggressive tumor angiogenesis, even if
they underwent curative surgery for early-stage lung cancers. A
further prospective randomized clinical trial is needed to support
this treatment strategy for early-lung cancers.
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