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Abstract Objective This article evaluates the ability of low-energy (40 keV) virtual monoener-
getic images (VMIs) in the local diagnosis of cervical cancer compared with that of
conventional computed tomography (C-CT) and magnetic resonance imaging (MRI),
using clinicopathologic staging as a reference.
Methods This prospective study included 33 patients with pathologically confirmed
cervical cancer who underwent dual-energy CT and MRI between 2021 and 2022. The
contrast-to-noise ratio (CNR) of the tumor-to-myometrium was compared between
C-CT and VMI. Additionally, sensitivity, specificity, and area under the receiver
operating characteristic curve (AUC) for each local diagnostic parameter were
compared between C-CT, VMI, and MRI. Interradiologist agreement was also assessed.
Results The mean CNR was significantly higher on VMI (p¼ 0.002). No significant
difference in AUC was found between C-CT and VMI for all local diagnostic parameters,
and the specificity of VMI was often significantly less than that of MRI. For parametrial
invasion, mean sensitivity, specificity, and AUC for C-CT, VMI, and MRI were 0.81, 0.99,
0.93; 0.64, 0.35, 0.79; and 0.73, 0.67, 0.86, respectively, and MRI had significantly
higher specificity and AUC than that of VMI (p¼0.013 and 0.008, respectively).
Interradiologist agreement was higher for VMI than C-CT and for MRI than VMI.
Conclusion The CNR of VMI was significantly higher than C-CT and interradiologist
agreement was better than with C-CT; however, the overall diagnostic performance of
VMI did not significantly differ fromC-CT andwas inferior toMRI. VMI was characterized
by low specificity, which should be understood and used for reading.
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Introduction

Cervical cancer is the fourthmost common cancer inwomen,
affecting approximately 570,000 individuals and causing
311,000 deaths worldwide in 2018.1 Patient numbers in
developed countries are declining while in developing coun-
tries are rapidly increasing.1 With the revision of the Inter-
national Federation of Gynecology and Obstetrics (FIGO)
2018, cervical cancer is now staged comprehensively, con-
sidering not only physical findings but also imaging.2,3

Magnetic resonance imaging (MRI) has been used for local
diagnosis due to its superior tissue resolution; however, MRI
availability is often limited.4 If computed tomography (CT)
can be used for local diagnosis instead of MRI, simultaneous
assessment of metastasis becomes possible, leading to short-
ened treatment time and cost reduction. Low-energy virtual
monoenergetic images (VMIs) obtained from dual-energy CT
(DECT) improve iodine enhancement in parenchymal tissue
and can aid in the detection of various tumors,5–8 and VMI of
40 keV is reported to have the highest contrast and detection
sensitivity. The objective of this study was to assess the
effectiveness of 40 keV VMI in the local diagnosis of cervical
cancer compared with conventional CT (C-CT) and MRI. The
clinicopathologic staging was used as the reference standard
for comparison.

Materials and Methods

Study Design
This retrospective study was approved by the Institutional
Review Board of our institution, and the need for written
informed consent was waived (approval number: R03–117).
The inclusion criteriawere as follows: (1) histopathologically
diagnosed uterine cervical cancer by biopsy and (2) exami-
nation using CT and MRI including T1-weighed images
(T1WIs), T2-weighted images (T2WI), and diffusion-weight-
ed images (DWIs) performed in our hospital between
June 2021 and October 2022.

Patients were excluded if they (1) were not examined by
contrast-enhanced DECT or (2) examined by contrast-en-
hancedDECTwith reduced iodine dose. Staging of the uterine
cancer was determined by pathology if surgery was per-
formed or by clinical examination (i.e., pelvic examination,

cystoscopy, and colposcopy) concerning imaging findings if
surgery was not performed.

Image Protocol
All CT examinationswereperformedusing an IQonSpectral CT
scanner (Philips Medical Systems, Amsterdam, Netherlands).
Scanning was performed with the following acquisition
parameters: tube voltage, 120kVp; helical pitch, 0.798; detec-
tor collimation, 64�0.625; and rotation time, 0.5 second. Tube
current was modulated by automatic exposure control (Dose
Right Index, 24–25; Philips Healthcare). A 500mg/kg dose of
contrast medium was injected via a peripheral vein of the
upper extremity over 50 seconds using a power injector,
followed by a 50-mL saline flush. All scans were captured in
a craniocaudal direction from the lung apexes or the hepatic
dometo thepubis80 secondsafter intravenous administration
of the contrast medium. For image evaluation, images from
above the aortic bifurcation to the pubis were selected and
reconstructedusingC-CTand40keVVMIwitha slice thickness
of 2.0mm and a reconstruction interval of 2.0mm. Images of
the axial and sagittal planes along the uterine axis were also
reconstructed using C-CT and VMI with a slice thickness of
2.0mm and reconstruction interval of 2.0mm. Optimal win-
dow levels andwidthswere set at 35 and 350Hounsfield units
(HU) for C-CT, and 140 and 680 HU for VMI.

MRI was performed using 3T or 1.5T equipment (Ingenia,
Achieva; PhilipsMedical Systems, Netherlands). The protocol
included T1WI, T2WI, DWI, with a b-value of 0 and 1,000, and
apparent water diffusion coefficient maps. Further details of
these parameters are listed in ►Table 1.

Quantitative Image Analysis
Quantitative evaluation of the myometrium and cervical
cancer on C-CT and VMI was performed using region-of-
interest (ROI) analysis by two board-certified radiologists
with 6 years of experience (S.S. and M.Y.). The average of the
two measurements was used for the analysis. The mean CT
number of the myometrium was measured by placing a
circular ROI on themyometrium, carefully avoidingmyomas,
adenomyomas, and visible vessels. For cervical cancer, the
ROI was set to be as large as possible without including the
surrounding area. Image noise was quantified as the stan-
dard deviation (SD) of the CT number of the anterior

Table 1 Acquisition parameters of MRI

Sequence Direction Type Repetition time/
Echo time (ms)

Flip angle
(degree)

Slice/gap
(mm)

Field of
view (mm)

Matrix

T1WI Axial (to the pelvis) 3D–GRE 30/2 30 2.4/1.2 280 512

T2WI Axial (to the pelvis) 3D–TSE 2,000/213 90 1.2/0 280 560

T2WI Sagittal/axial
(to the cervix)

2D–TSE 1,400–6,697/
10–110

90 3–7/0.3–1 260–380 512� 512–704�704

DWI Axial (to the cervix) EPI 4,068–7,500/
70–79

90 3–7/0–1 260–380 224� 224–352�352

Abbreviations: 3D, three-dimensional; DWI, diffusion-weighted imaging; EPI, echo-planar imaging; GRE, gradient echo; MRI, magnetic resonance
imaging; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; TSE, turbo spin echo.
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abdominal wall fat tissue. The signal-to-noise ratio of the
myometrium was calculated by dividing the CT number of
the myometrium by the image noise. The contrast-to-noise
ratio (CNR) of the tumor-to-myometrium was calculated
using the following equation: CNR¼ | (mean HU of myome-
trium – HU of cervical cancer)/image noise |.9 Since the
enhancing effect of cervical cancer can beweaker or stronger
than that of the myometrium, absolute values were used for
CNR. Missing values were set in the following conditions: (1)
no tumor could be identified, or (2) the tumor replaced the
entire uterus, and the myometrium could not be identified.

Qualitative Image Analysis
This study included four board-certified experienced radi-
ologists (K.M., T.S.,T.I., and T.A., and F.F.) with 29, 19, 12, and
7 years of experience in abdominal radiology; they indepen-
dently reviewed C-CT, VMI, and MRI in random order. They
scored each image by assigning the confidence levels for
lateral invasion on a 5-point scale (1, tumor not visualized; 2,
no parametrial involvement; 3, parametrial involvement; 4,
extension to the pelvic wall or hydronephrosis; and 5,
bladder or rectum involvement) and the conspicuity of
vaginal wall involvement on a 5-point scale (1, tumor not
visualized; 2, absent; 3, equivocal; 4, upper two-third in-
volvement; and 5, lower one-third involvement). Regarding
the presence of a tumor, a score of 1 for lateral invasion
indicated the absence of a tumor, while any score other than
1 was considered as the presence of a tumor. For vaginal
involvement, a confidence score of 4 or 5 was considered
definitive. The radiologists were blinded to the pathologic
and clinical findings, and there was a minimum of 2 weeks
between each image set interpretation.

The criteria for local diagnosis on T2WI were as follows:
parametrial invasion is excluded if the outer margin of the
cervical stroma of low intensity is preserved; parametrial
invasion is diagnosed when the following findings are
detected: spiculated tumor-to-parametrial interface, tumor
nodule in the parametrium, and/or tumor encasement of
parametrial vessels. The presence of pelvic wall extension is
indicated by tumor extension into the iliac vasculature or
muscles including the internal obturator, piriformis, or levator
ani. Adilatedureter obstructedby the tumor is also considered
apelvicwall invasion.10Bladder/rectalmucosal involvement is
diagnosed when the tumor disrupts the low-signal-intensity

bladder or rectal wall and extends into the mucosa or
lumen.3 Local staging on imaging was performed according
to FIGO 2018: stage I as confined to the cervix; stage II as
invasion beyond the uterus without extension to the lower
one-thirdof thevaginaorpelvicwall; stage III as invasionof the
lowerone-third of thevagina/hydronephrosis/nonfunctioning
kidney/pelvicwall; and stage IVA as extension beyond the true
pelvis or involvement of the bladder or rectum mucosa.10

Statistical Analysis
For quantitative analysis, the mean CNR and SD were calcu-
lated, and the Wilcoxon signed-rank test was used to evalu-
ate the difference in CNR between C-CT and VMI.

For qualitative analysis, based on the results of the
imaging evaluation, the sensitivity, specificity, and accuracy
were calculated for the detection of tumor presence, para-
metrial invasion, pelvic wall extension, bladder/rectum
involvement, upper two-third of the vaginal wall involve-
ment, and lower one-third of the vaginal wall involvement;
these were calculated by selecting two options of presence
or absence. Receiver operating characteristic (ROC) analysis
was also performed to evaluate diagnostic performance. The
area under the ROC curve (AUC) interpreted the diagnostic
value as follows: 0 to 0.70, poor; 0.70 to 0.90, moderate; and
0.90 to 1.00, high.11 We estimated 95% confidence intervals
and performed multiple comparisons using the Friedman
test with Bonferroni correction to compare the sensitivity,
specificity, accuracy, and AUC. The concordance rate be-
tween each reader’s C-CT, VMI, and MRI local stage was
also calculated. Interobserver agreement was assessed
using the κ-statistic. The κ-statistic interpreted the agree-
ment as follows:<0, none; 0 to 0.20, slight; 0.21 to 0.40,
fair; 0.41 to 0.60, moderate; 0.61 to 0.80, substantial; and
0.81 to 1.00, almost perfect.12 All statistical analyses were
performed using the Statistical Package for the Social
Sciences software (SPSS Statistics 28.0; IBM, New York,
New York, United States). Statistical significance was set
at p<0.05.

Results

A total of 33 women (mean age, 56 years; age range, 36–85
years) were evaluated across all the data sets. The flowchart
of the study design is shown in ►Fig. 1.

Fig. 1 Flowchart for the patient selection process. DECT; dual-energy computed tomography; MRI, magnetic resonance imaging.
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►Table 2 shows the patients’ characteristics, pathological
type, the clinical FIGO 2018 stage, and the clinicopathological
invasion. Among the 33 patients, 22 patients were treated
with concurrent chemoradiotherapy (CCRT), and the stage
was determined clinically; meanwhile, 11 patients under-
went a radical hysterectomy, and the stage was determined
pathologically. The smallest lesion was 2mm in depth, as
measured by pathology, and the largest lesion was 13 cm in
the greatest dimension, as measured by MRI.

Quantitative Image Analysis
In the ROI analysis, three cases with C-CT and two cases with
VMI had missing values because cervical cancer could not be
identified. In addition, two caseswith C-CT and one casewith
VMI had missing values because the myometrium could not
be separated from the tumor. The mean tumor-to-myome-
trium CNR was 1.57�1.43 on C-CT and 2.73�2.41 on VMI.
The mean tumor-to-myometrium CNR was significantly
higher on VMI (p¼0.002).

Qualitative Image Analysis
All readers rated the image quality of C-CT as “acceptable,”
“good,” or “excellent” and that of VMI and MRI as “good” or
“excellent.”

The results in ►Table 3 show variability in sensitivity,
specificity, accuracy, and AUC among the different imaging
modalities and radiologists. Only cases in which cervical
cancer was present were included; therefore, the specificity,
accuracy, and AUCwere not calculated for the presence of the
tumor. In tumor detection, VMIwasmore sensitive than C-CT
in all but one reader and equal to or more sensitive than MRI
in all readers. Similarly, in all the other diagnostic param-
eters, VMI had equal to higher sensitivity than C-CT andMRI,
and equal to lower specificity than C-CT andMRI in almost all
readers. MRI generally exhibited higher specificity, accuracy,
and AUC compared with C-CT and VMI in detecting para-
metrial invasion and pelvic wall extension. Its sensitivitywas
higher than that of C-CT, while being comparable to VMI.
Additionally, in detecting vaginal wall invasion, even MRI
tended to have lower sensitivity and AUC.

►Table 4 shows readers’ mean values of sensitivity, speci-
ficity, accuracy, and AUC of each local diagnostic parameter
and presents the statistical significance of these differences.
Among the parameters, VMI had significantly higher sensitivi-
ty than that of C-CT and MRI for the lower one-third vaginal
involvement, and VMIwas significantly less specific than C-CT
for all parameters except bladder/rectum involvement and
significantly less specific thanMRI for theparametrial invasion
and upper two-third vaginal invasion. AUC comparisons
showed that MRI was significantly higher than that of VMI
for detecting parametrial invasion and pelvic wall extension;
however, the other parameters were not significantly differ-
ent. For parametrial invasion, the most important factor in
determining treatment, the positive predictive value (PPV) of
each reader was 0.68 to 0.91 for C-CT, 0.67 to 0.77 for VMI, and
0.83 to 0.94 for MRI, and the false positive value (FPV) of each
reader was 0.08 to 0.69 for C-CT, 0.46 to 0.77 for VMI, and 0.08
to 0.31 forMRIwith lowest forMRI, followed by C-CT and VMI.
MRI generally exhibited higher sensitivity, specificity, accura-
cy, and AUC than C-CT and VMI; however, its diagnostic ability
for vaginal wall involvement was inferior to that of lateral
extension. Staging accuracy by the four readerswas 61, 67, 70,
and 39% for C-CT; 55, 70, 64, and 48% for VMI; and 64, 85, 79,
and 54% for MRI, respectively.

►Table 5 shows the interobserver agreement among radi-
ologists in local diagnostic parameters; the interradiologist κ-
values for each modality widely ranged, with generally higher
agreement for VMI than for C-CT and MRI than for VMI.

►Figs. 2–4 show the C-CT, VMI, and MRI images of IB2,
IIA1, and IIIB cervical cancer, respectively. VMI provides
better contrast between the uterus and tumor than C-CT,
and the tumor is more clearly defined.

Discussion

C-CT, VMI, and MRI were compared to assess the local diag-
nostic performance of cervical cancer. Therewasno significant
difference in diagnostic performance between C-CT and VMI,
withVMI characterizedbyhigher sensitivity, lower specificity,
and higher interreader agreement than C-CT.

DECT scanners use more than one peak energy to rapidly
acquire images and visualize how tissues and materials

Table 2 Characteristics of patients and lesions

Variable

Patients (n) 33

Age

Mean� standard deviation (y) 55� 13

Range (y) 36–85

Pathological type (n)

Squamous cell carcinoma 25

Adenocarcinoma 7

Carcinosarcoma 1

Clinical FIGO 2018 Stage (n)

IA/IB1/IB2/IB3 3/1/4/1

IIA/IIB 1/1

IIIA/IIIB/IIIC1/IIIC2 2/6/5/3

IVA/IVB 4/2

Clinicopathologic lateral invasion

No lateral invasion 13

Parametrial invasion 3

Pelvic wall invasion 13

Bladder/rectal involvement 4

Clinicopathologic vaginal invasion

No vaginal invasion 15

<Upper two-third vagina 12

>Lower one-third vagina 6

Abbreviation: FIGO, International Federation of Gynecology and
Obstetrics.
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Table 3 Sensitivity, specificity, accuracy, and AUC for local diagnosis parameters of cervical cancer in C-CT, VMI, and MRI by four
radiologists

Parameter Image Sensitivity Specificity Accuracy AUC

Tumor detection C-CT
VMI
MRI

0.87–1.00
0.97–1.00
0.93–1.00

Parametrial invasion C-CT 0.40–0.95 0.31–0.92 0.61–0.91 0.63–0.90

VMI 0.95–1.00 0.23–0.54 0.70–0.81 0.62–0.77

MRI 0.75–1.00 0.69–0.92 0.81–0.94 0.82–0.92

Pelvic wall extension C-CT 0.18–0.82 0.50–1.00 0.58–0.85 0.66–0.85

VMI 0.65–1.00 0.23–0.69 0.64–0.79 0.63–0.78

MRI 0.53–0.94 0.75–0.88 0.70–0.88 0.70–0.88

Bladder/rectum involvement C-CT 0.25–1.00 0.93–1.00 0.91–1.00 0.63–1.00

VMI 0.50–1.00 0.93–0.97 0.88–0.97 0.73–0.98

MRI 0.50–1.00 0.97–1.00 0.94–1.00 0.75–1.00

Upper two-third vaginal wall involvement C-CT 0.33–0.94 0.67–0.93 0.58–0.82 0.60–0.81

VMI 0.56–0.94 0.40–0.67 0.58–0.73 0.58–0.81

MRI 0.39–0.83 0.67–1.00 0.67–0.79 0.69–0.78

Lower one-third vaginal wall involvement C-CT 0.17–0.33 0.93–1.00 0.82–0.88 0.50–0.63

VMI 0.33–0.67 0.74–0.93 0.73–0.85 0.61–0.71

MRI 0.33–0.55 0.93–1.00 0.85–0.88 0.67–0.73

Abbreviations: AUC, the area under the receiver operating characteristic curve; C-CT, conventional computed tomography; MRI, magnetic resonance
imaging; VMI, virtual monoenergetic image.

Table 4 Sensitivity, specificity, accuracy, and AUC for local diagnosis parameters in C-CT, VMI, and MRI

Parameter Image Sensitivity Specificity Accuracy AUC p for modality

Tumor detection C-CT 0.94 Sensitivity: 0.625

VMI 0.99

MRI 0.96

Parametrial invasion C-CT 0.81 0.64 0.75 0.73 Sensitivity: 0.670, specificity: 0.013a

(0.019a: C-CT vs. VMI, 0.033: VMI vs. MRI),
accuracy: 0.005a (0.004a: VMI vs. MRI),
AUC: 0.042a (0.025a: VMI vs. MRI)

VMI 0.99 0.35 0.74 0.67

MRI 0.93 0.79 0.87 0.86

Pelvic wall extension C-CT 0.63 0.80 0.72 0.72 Sensitivity: 0.867, specificity: 0.013a

(0.011a: C-CT vs. VMI)
accuracy: 0.009a (0.008a: VMI vs. MRI)
AUC: 0.008a (0.006a: VMI vs. MRI)

VMI 0.82 0.48 0.72 0.71

MRI 0.78 0.83 0.81 0.81

Bladder/rectum
involvement

C-CT 0.69 0.98 0.94 0.83 Sensitivity 0.961, specificity: 0.148,
accuracy: 0.060,
AUC: 0.690

VMI 0.81 0.94 0.93 0.88

MRI 0.81 0.99 0.97 0.90

Upper two-third vaginal
wall involvement

C-CT 0.61 0.79 0.69 0.70 Sensitivity: 0.417, specificity:<0.001a

(0.043a: C-CT vs. VMI,
<0.001a: VMI vs. MRI), accuracy: 0.809,
AUC: 0.819

VMI 0.79 0.57 0.69 0.68

MRI 0.60 0.85 0.72 0.72

Lower one-third vaginal
wall involvement

C-CT 0.29 0.98 0.86 0.60 Sensitivity: 0.002a (0.004a: C-CT vs. VMI,
0.025a: C-CT vs. MRI),
specificity: 0.026a (0.019a: C-CT vs. VMI),
accuracy: 0.107, AUC: 0.169

VMI 0.50 0.84 0.78 0.67

MRI 0.46 0.96 0.87 0.71

Abbreviations: AUC, the area under the receiver operating characteristic curve; C-CT, conventional computed tomography; MRI, magnetic resonance
imaging; VMI, virtual monoenergetic image.
ap< 0.05.
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interact with X-ray beams of different energies. A single
DECT acquisition can produce several different image data
sets, such as VMIs andmaterial-specific iodine images; these
data sets provide superior contrast enhancement and reduce
artifacts. Low-energy VMIs (40–55 keV) increase iodine den-
sity as they approach the K-edge of iodine (33.2 keV). Im-

proved iodine prominence in low-energy VMI can be useful
for tumor detection and characterization, and the use of VMI
at the desired energy level (40–140keV) improves the lesion-
to-background contrast and quality of vascular imaging for

Table 5 Interobserver agreement of local diagnosis parameters between the radiologists

Parameter C-CT VMI MRI

Tumor detection 0.21–0.53 (0.40) –0.04 to 1.00 (0.37) 0.65–0.87 (0.72)

Parametrial invasion 0.09–0.50 (0.26) 0.31–0.62 (0.50) 0.52–0.86 (0.70)

Pelvic wall extension 0.10–0.33 (0.25) 0.28–0.54 (0.43) 0.35–0.70 (0.55)

Bladder/rectum involvement 0.25–0.77 (0.50) 0.37–0.89 (0.60) 0.53–0.87 (0.60)

Upper two-third vaginal wall involvement 0.17–0.61 (0.34) 0.14–0.58 (0.32) 0.11–0.50 (0.29)

Lower one-third vaginal wall involvement –0.05–0.28 (0.03) 0.21–0.47 (0.31) 0.43–0.87 (0.62)

Abbreviations: C-CT, conventional computed tomography; MRI, magnetic resonance imaging; VMI, virtual monoenergetic images.
Note: Parentheses indicate the mean.

Fig. 2 A 73-year-old female patient with cervical cancer (adenocar-
cinoma), pathologically diagnosed with International Federation of
Gynecology and Obstetrics (FIGO) 2018 IB2. (A, B) Conventional
computed tomography (C-CT) axial, sagittal images. (C, D) Virtual
monoenergetic image (VMI) axial, sagittal images. (E, F) T2-weighted
image (T2WI), sagittal images. C-CT shows a tumor with strong
enhancement confined to the cervix (A, B; arrows). The contrast is
accentuated at VMI (C, D; arrows). On T2WI, the tumor shows high
signal intensities (E, F; arrows). On C-CT, one reader could not detect
the tumor. On VMI, all readers made the correct diagnosis. On
magnetic resonance imaging (MRI), three readers overdiagnosed
as extending to the pelvic wall with involvement of the vaginal wall
(E; arrowhead, which is considered a combination of vascular and
peritoneal thickening).

Fig. 3 A 56-year-old female patient with cervical cancer (squamous
cell carcinoma), pathologically diagnosed with International
Federation of Gynecology and Obstetrics (FIGO) 2018 IIA1. (A, B)
Conventional computed tomography (C-CT) axial, sagittal images.
(C, D) Virtual monoenergetic image (VMI) axial, sagittal images.
(E, F) T2-weighted image (T2WI) axial, sagittal images. The tumor is
strongly enhanced, predominantly at the margins on C-CT (A, B; arrows).
On VMI, the tumor enhancement effect is stronger, and its margins are
more clearly defined (C, D; arrows). The preserved outer rim of cervical
stroma onT2WI indicates no parametrial invasion (E; arrow), and the tumor
reaches the upper edgeof the anterior vaginal wall (F; arrowhead).OnC-CT,
one reader failed to detect the tumor. OnVMI, three readers overdiagnosed
with extension to the pelvic wall, but three readers correctly diagnosed the
upper two-third vaginal involvement. On magnetic resonance imaging
(MRI), only half of the readers correctly diagnosed lateral and vaginal
invasion.
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preoperative planning. Lv et al reported that the lesion
detectability and conspicuity of small hepatocellular carci-
noma could be improved by selecting the optimal energy
level (40–70keV) for monochromatic imaging.6 De Cecco
et al reported that the diagnostic accuracy in detecting
hypervascular liver lesions is improved with 40 keV VMI.13

Nagayama et al demonstrated that VMI yielded significantly
better image quality in multiphasic pancreatic CT than
conventional polyenergetic images. In each enhancement
phase, 40 keV VMI provided the best quality for the evalua-
tion of pancreatic duct cancer owing to its high pancreas-
tumor contrast and vascular opacificationwithout a relevant
increase in image noise.7 For uterus tumors, Rizzo et al
evaluated deep (> 50%) myometrial invasion using DECT
and transvaginal ultrasound in patients with endometrial
cancer, and reported that low keV VMI showed higher

specificity and accuracy than that of ultrasound.14 To the
best of our knowledge, there have been no DECT studies of
uterine cervical cancer, and including other tumors, few
studies have evaluated the utility of DECT in assessing the
surrounding invasion of tumors.

For the staging of cervical cancer, the role of imaging is to
evaluate invasion to the parametrium, pelvic wall, and adja-
cent organs and the assessment of nodal involvement and
distant metastasis. The strength of MRI in diagnosing cervi-
cal cancer is the high negative predictive value (NPV) of 95%
in detecting parametrial invasion,15,16 and Manganaro et al
have documented a 100% NPV of MRI for bladder or rectal
invasion, suggesting that MRI can obviate invasive proce-
dures, such as cystoscopy, proctoscopy, and sigmoidoscopy.3

The reported accuracy for the parametrial invasionwas 70 to
80% on CT and 87 to 92% onMRI in the 1990s.17,18 Moreover,
the reported sensitivity, specificity, PPV, and NPV were 0.42
to 0.50, 0.75 to 0.82, 0.33 to 0.53, and 0.67 to 0.84 for CT,
respectively; and 0.53 to 0.67, 0.67 to 0.75, 0.37 to 089, and
0.85 to 0.92 for MRI, respectively.18–20 The overall staging
accuracy of MRI reported between 1988 and 2003 was 76 to
86%, higher than that of CT at 53 to 69%.15,17,18,21

In recent years, there have been few reports on the
pathological image correlation beyond stage II in cervical
cancer cases, mainly due to the fact that stage IB3 (tumor
larger than 4 cm) and higher are typically managed with
CCRT. A multicenter study conducted in 2005, focusing on
early-stage invasive cervical cancer, found that the accuracy
and specificity of both CT and MRI in assessing parametrial
involvement and overall stagingwere quite similar; however,
the accuracy of both modalities was relatively low, while the
specificity was high.20 A meta-analysis of the literature
between 2012 and 2016 has revealed that the sensitivity
and specificity of MRI in detecting parametrial invasion,
using radical hysterectomy as the reference standard, were
76 and 94%, respectively.21 Similar to our study, Yu et al using
clinicopathologic staging as a reference and covering all
stages, reported that the accuracy of stage classification of
cervical cancer in a single facility from 2010 to 2015was 80%
for MRI and 73% for CT, showing a significant difference.22 As
the majority of studies indicate, MRI has consistently shown
significantly higher accuracy compared with CT.

Conventionally, low-energy images have high noise and
contrast, whereas high-energy images have low noise and
contrast.However, inour study, bysetting theoptimalwindow
width and window level during reconstruction, all readers
rated the image quality of VMI as good or excellent, and the
noise was less noticeable than that of C-CT, similar to a
previous report.7 The diagnostic performance of VMI was
not significantly different fromthatofC-CT inall thediagnostic
parametersandwas inferior toMRI in theparametrial invasion
and the pelvic extension; however, in VMI, the tumor became
more distinct due to increased contrast between the tumor
and background with a significantly higher CNR than C-CT,
leading to improved diagnostic sensitivity, actually, with one-
third vaginal involvement, VMI was significantly more sensi-
tive than C-CT. It was also believed that this facilitated easier
interpretation, increasing readers’ agreement rates. Although

Fig. 4 A 38-year-old female patient with cervical cancer (squamous
cell carcinoma), clinically diagnosed with International Federation of
Gynecology and Obstetrics (FIGO) 2018 IIIB. (A, B) Conventional
computed tomography (C-CT) axial, sagittal images. (C, D) Virtual
monoenergetic image (VMI) axial, sagittal images. (E, F) T2-weighted
image (T2WI) axial, sagittal images. The tumor shows relative hypo-
attenuation with strongly enhanced margins (A–D; arrows), pre-
dominantly reaching the right pelvic wall (A, C; arrowheads) and
invading the upper two-third vaginal wall (B, D; black arrowheads) on
CT. T2WI showing spiculated tumor-to-parametrial interface reaching
the iliac vasculature (E; arrowhead), and thickening of the anterior
vaginal wall (F; black arrowhead). On C-CT, only one reader misdiag-
nosed as no parametrial invasion, and all the readers correctly
diagnosed vaginal invasion. On VMI, half of the readers overdiagnosed
with bladder and rectal involvement, as well as the lower one-third
vaginal involvement. On magnetic resonance imaging (MRI), all
readers correctly diagnosed lateral invasion, but only one reader
correctly diagnosed vaginal invasion.
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not verified in this study, there may have been differences in
diagnostic confidenceand reading time.On theotherhand, the
specificity of VMIwas significantly lower than that of C-CT and
MRI, and VMI had a lower PPV. This is due to the higher FPVof
VMI because of the accentuated heterogeneity of the cervical
stroma, myometrium, and vaginal wall enhancement. Addi-
tionally, the current reading method was developed using C-
CT,whichwas a disadvantage for VMI. Radiologists usually use
MRI, not CT, for diagnosing cervical cancer. The FIGO clinical
stage often depends on MRI findings, which puts CT at a
disadvantage. Previous reports have shown an accuracy of
74 to 93% for vaginal invasion on MRI,15,23 but in the present
study, the diagnostic performance of MRI for vaginal wall
invasion was lower than for lateral invasion. This could be
improved by adding the sagittal section of DWI,24 vaginal
opacification,21 or dynamic contracted-enhanced MRI which
remains an option in the European Union Special Representa-
tives guidelines. In dynamic contrast-enhanced MRI, cervical
cancer typically shows early enhancement with hyperinten-
sity relative to normal cervical stroma in the arterial phase
making tumor detection easier.23 This effect is particularly
considered useful in detecting small tumors.25 However, the
role of imaging in evaluating vaginal involvement may be
limitedbecause it is usually clinicallyassessed. In the caseofan
exophytic tumor, the vaginal fornix adjacent to the mass
appears thin because they are stretched by the tumor, making
it difficult to distinguish the thin vaginal fornix from the
adjacent tumor; additionally, 39% of the cases in this study
had superficial spreading detected only using the Schiller test,
which is considereddifficult to captureon imaging. Theoverall
staging accuracy in our studywas 39 to 70% for C-CT, 48 to 70%
for VMI, and 54 to 85% for MRI, which is generally consistent
with previous studies, although there are large individual
differences.

This study had several limitations. First, the number of
patients was small. Second, CCRT is the standard treatment
for stage IB3 or higher cervical cancer; therefore, the refer-
ence standard of parametrial, pelvic wall, and vaginal inva-
sion was based on clinical examination concerning imaging
findings in two-thirds of the cases. Third, because only
cervical cancer cases were included in the study, a blinded
evaluation of the tumor detection power was not possible.
Finally, only 40 keV VMI was used because it was considered
to have the highest contrast in previous reports; other low-
energy VMIs were not evaluated.

In conclusion, there was no significant difference in
diagnostic performance between C-CT and VMI in the local
diagnosis of cervical cancer. However, virtual monoenergetic
imaging demonstrated a significantly higher tumor-to-myo-
metrial contrast ratio, higher sensitivity, and greater inter-
reader agreement. Conversely, these images were associated
with lower specificity. These characteristics should be un-
derstood and utilized in CTreading and experience should be
accumulated.
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