L))

Check for
updat

Original Article

Quantitative parameters of dual-layer spectral detector computed
tomography for evaluating Ki-67 and human epidermal growth
factor receptor 2 expression in colorectal adenocarcinoma

Jinghua Chen'**, Liang Tang'*, Ping Xie’*, Tingting Qian’, Jian Huang', Kefu Liu*

'Department of Radiology, Taicang Hospital of Traditional Chinese Medicine, Taicang, China; “Department of Ultrasound, The Affiliated Suzhou
Hospital of Nanjing Medical University, Suzhou, China; *Department of Pathology, Taicang Hospital of Traditional Chinese Medicine, Taicang,
China; *Department of Radiology, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou, China

Contributions: (I) Conception and design: K Liu; (I) Administrative support: K Liu; (IIT) Provision of study materials or patients: ] Chen, T Qian, J
Huang; (IV) Collection and assembly of data: ] Chen, L Tang, P Xie; (V) Data analysis and interpretation: ] Chen, K Liu; (VI) Manuscript writing:
All authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Kefu Liu, MD, PhD. Department of Radiology, The Affiliated Suzhou Hospital of Nanjing Medical University, 242, Guangji Road,
Suzhou 215008, China. Email: Liukeful3218190832@163.com.

Background: Ki-67 and human epidermal growth factor receptor 2 (HER2) are key biomarkers in
evaluating the prognosis of colorectal adenocarcinoma (CRAC). The purpose of this study was to investigate
the value of quantitative parameters in dual-layer spectral detector computed tomography (SDCT) for
evaluating the expression of Ki-67 and HER2 in CRAC.

Methods: In this retrospective, cross-sectional study, 88 eligible patients with pathologically confirmed
CRAC were selected from Taicang Hospital of Traditional Chinese Medicine between May 2021 and April
2023. The study participants underwent enhanced SDCT of the whole abdomen within 2 weeks before
to surgery, did not receive antitumor therapy, and had complete immunohistochemical (IHC) indexes.
Patients with nonadenocarcinoma pathologic types, poor quality of spectral CT images, or no complete
immunohistochemistry results were excluded. Spectral parameters including CT values at 40 and 100 keV,
effective atomic number, iodine concentration (IC), the slope of the spectral Hounsfield unit (HU) curve
(Mv), and normalized iodine concentration (NIC) in the arterial phase (AP) and venous phase (VP) were
analyzed for their value in distinguishing between the high and low expression of Ki-67 and HER2-positive
and -negative status in CRAC. The statistical significance of the SDCT parameters between the different
groups of Ki-67 expression and those of HER?2 status was assessed with the Mann-Whitney test. Spearman
correlation analysis was used to analyze the correlation between the SDCT parameters and the extent of Ki-
67 expression and HER2 expression status. The receiver operating characteristic (ROC) curve was used, and
the area under the curve (AUC) was calculated.

Results: The SDCT parameters of CT values at 40 keV, effective atomic number, IC, and the Ay in the
VP showed significant differences between the Ki-67 high- and low-expression groups in CRAC (P=0.035,
P=0.041, P=0.036, and P=0.044, respectively), with AUCs of 0.639 [95% confidence interval (CI): 0.512—
0.766], 0.634 (95% CI: 0.508-0.761), 0.638 (95% CI: 0.510-0.766), and 0.633 (95% CI: 0.504-0.762),
respectively. The expression of CRAC Ki-67 was positively correlated with CT values at 40 keV (r=0.227;
P=0.034), effective atomic number (r=0.219; P=0.040), IC (r=0.225; P=0.035), and the Ay, in VP (r=0.216;
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P=0.043). SDCT parameter values showed no statistical difference between negative and positive expression

in HER2 (all P values >0.05). There was no significant correlation between SDCT parameters and the

expression of HER2 in CRAC (all P values >0.05).

Conclusions: The quantitative parameters of SDCT in the VP provide valuable information for

distinguishing between the low expression and high expression of Ki-67 in CRAC.
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Introduction

Colorectal cancer (CRQ) is the third most common cancer
in men and the second most common cancer in women,
while having the highest cancer mortality in the world (1).
The majority of CRC cases are colorectal adenocarcinoma
(CRAC) (2).

Nouclear-associated antigen Ki-67, a nuclear proliferation
antigen, exists in all cycles of cell mitosis except GO
phase. Ki-67 can be used to evaluate the activity of cell
proliferation and is an indicator of tumor malignancy (3).
The high expression of Ki-67 is significantly associated
with poor overall survival and poor prognosis in patients
with CRAC (4). Human epidermal growth factor receptor
2 (HER2) is a transmembrane receptor tyrosine kinase with
intrinsic protein tyrosine kinase activity (5). It plays a crucial
role in normal cell proliferation, tissue growth, and cancer
development by affecting cell migration, proliferation,
differentiation, and apoptosis (6). It has been proven to be
a potential effective therapeutic target and biomarker for
CRAC (7,8).

Dual-layer spectral detector computed tomography
(SDCT) can perform multiparameter imaging, quantitative
analysis, and energy spectrum analysis of tissues (9),
opening up a new field for CT imaging. Through the
reconstruction of a spectral-based image dataset obtained
via SDCT, virtual monochromatic images (VMIs), iodine
concentration (IC), effective atomic number (Zeff) maps,
and the slope of spectral Hounsfield unit (HU) curve (Ayy)
graph can be obtained (10).

In recent years, studies on SDCT have proliferated
(9,10), but there are relatively few reports on SDCT
related to CRAC, and only one study (3) has examined the
application of SDCT to evaluate the expression of Ki-67
in CRC. Moreover, no research has attempted to evaluate
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the diagnostic efficacy of spectral quantitative parameters
for predicting the expression status of HER2 in CRAC
or to analyze their correlation. If the status of Ki-67 and
HER?2 can be evaluated before surgery, clinicians can better
predict the prognosis of patients with CRAC and formulate
the best operation and treatment plan. Therefore, this
study aimed to discuss the value of SDCT in predicting the
expression status of Ki-67 and HER2 in CRAC. We present
this article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1054/rc).

Methods
Clinical data

A total of 189 cases with pathologically confirmed CRAC
were retrospectively analyzed from May 2021 to April 2023
at Taicang Hospital of Traditional Chinese Medicine. The
inclusion criteria were as follows: (I) a histological type
of CRAC as confirmed by pathology, (II) with complete
pathological results and immunohistochemical (IHC)
indicators, (III) a satisfactory image quality of SDCT
with no obvious artifacts, (IV) no relevant treatment
before SDCT examination, (V) no combination with
other malignancies, and (VI) an interval between SDCT
scanning and pathological immunohistochemistry of less
than 2 weeks. The exclusion criteria were as follows: (I) a
histopathological type other than adenocarcinoma, (II) no
THC results, (III) an image quality insufficient for evaluation
(e.g., severe motion artifacts), (IV) administration of relevant
antitumor treatment before enrollment, (V) combination
with other malignant tumors, and (VI) an interval between
SDCT scan and IHC greater than 2 weeks. The flowchart of
the patient selection in this study is shown in Figure 1. The
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189 cases of CRAC confirmed by pathology
with SDCT images before surgery and biopsy

were collected
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Y

Exclusion criteria:

* Other pathological types (9 cases)

* Incomplete immunohistochemical
results (52 cases)

* Poor image quality (11 cases)

* Antitumor treatment before enroliment
(15 cases)

¢ With other cancer history (9 cases)

* Time interval >2 weeks (5 cases)

study

88 cases eligible patients were included in the

Ki-67 expression

HER2 expression
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(n=59)
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(n=29)

Positive
(n=26)

Negative
(n=62)

Figure 1 The flowchart of patient selection in this study. CRAC, colorectal adenocarcinoma; SDCT, dual-layer spectral detector CT; CT,

computed tomography; HER2, human epidermal growth factor receptor 2.

study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The ethics committee of
Taicang Hospital of Traditional Chinese Medicine approved
this study (No. 2021-014), and individual consent was
waived due to the retrospective study design.

Ki-67 index evaluation

Ki-67 proliferation index was determined by two
pathologists (with 6 and 18 years of pathological work
experience, respectively) at high magnification (x400), who
randomly selected 10 fields of view from each slice and
recorded 1,000 cells. The staining percentage of Ki-67
receptor was calculated via the semiquantitative method.
The Ki-67 index was equal to the Ki-67-positive percentage
of the nucleus. According to the median Ki-67 expression
index in this study, patients were divided into a Ki-67 high-
expression group (>80% positive cells) and a Ki-67 low-
expression group (<80% positive cells).

HER?2 evaluation

Two pathologists used a four-step scoring method (0, 1+,

2+, 3+) to score immune staining. The IHC staining score
scheme was as follows: 0, no staining or <10% of tumor
cells presenting incomplete and weak membrane staining;
1+, >10% of tumor cells presenting incomplete and weak
membrane staining; 2+, >10% tumor cells presenting
incomplete and/or weak-to-medium intensity membrane
staining (first type) or <10% of tumor cells presenting
strong and complete membrane staining (second type); and
3+, >10% of tumor cells presenting strong and complete
cell membrane staining. HER2 scores of 2+ and 3+ were
considered to be HER2 positive, while scores of 0 and 1+
were considered to be HER2 negative (2,11).

SDCT examination protocol

Scans were performed with an SDCT scanner (IQon
spectral CT, Philips Healthcare, Amsterdam, The
Netherlands). Patients fasted for 4 to 6 hours before
undergoing scanning, and the scanning range was from
the top of the diaphragm to the lower edge of the ischial
tubercle. The scanning parameters were as follows: tube
voltage, 120 kV; automatic tube current control modulation
technology (151-193 mA); slice thickness, 5 mm; slice
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Figure 2 An 81-year-old female with CRAC. (A) The CT value of the lesion was 85.2+19.0 HU in the RT-VP map (red arrow). (B) The CT
value of the lesion was 188.4£26.9 HU in the 40-keV-VP map (red arrow). (C) The Zeff value of lesion was 8.26£0.1 in the Zeff-VP map
(black arrow). (D) The IC-VP value was 1.74£0.2 mg/mL in the IC-VP map (red arrow). (E) A Ki-67 labeling index of 0.90 (HE, x100). (F)
An HER?2 THC staining score of 3+ (HE, x100). CRAC, colorectal adenocarcinoma; CT, computed tomography; HU, Hounsfield unit; RT,

routine CT; VP, venous phase; Zeff, effective atomic number; IC, iodine concentration; HE, hematoxylin and eosin staining; HER2, human

epidermal growth factor receptor 2; IHC, immunohistochemical.

spacing, 5 mmy; pitch, 1; field of view, 350 mm; and matrix,
512x512. The contrast agent ioversol (350 mg/mL; Jiangsu
Hengrui Pharmaceuticals Co., Ltd., Lianyungang, China)
was injected intravenously through the elbow with a double-
tube high-pressure syringe at a dose of 0.8-1.0 mL/kg and
an injection rate of 2.5-3.0 mL/s. After injection of contrast
agent, 20 mL of normal saline was injected at a flow rate of
3.5 mL/s. Scanning was initiated using the contrast agent
autotracking trigger technique. The trigger point of the
scan was located in the abdominal aortic cavity. The trigger
threshold of the arterial phase (AP) was 150 HU, and the
venous phase (VP) was scanned 35 seconds after AP.

Image analysis and data acquisition

The 40-keV VMI, 100-keV VMI, Zeff map, and IC map
were reconstructed with a spectral reconstruction algorithm
(Spectral Recon Level 4, Philips Healthcare) at an image
workstation (IntelliSpace Portal 6.5, Philips Healthcare).

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

Two radiologists (with 7 and 20 years of experience

in abdominal CT images, respectively) performed the
independent analysis of SDCT while being blinded to the
relevant clinical and pathological information.
CRAC tumor margins were first identified in 40-keV VMI
images at AP and VP, and then the same level was switched
to different spectral images [routine CT (RT), 40-keV VMI,
100-keV VMI, Zeff and IC] to measure the corresponding
values, respectively.

Ayuwas calculated as the CT attenuation values as
follows: Mgy = (CTyorey = CTgprev)/(100 - 40).

The normalized iodine concentration (NIC) was calculated
as the IC of CRAC (ICcgsc) and the abdominal aorta or
external iliac artery (IC,,..,,) at the same slice as CRAC
according to the following formula: NIC = ICpao/1C, ery-

The tumor edge was identified in 40-keV VMI images.
The region of interest (ROI) was manually outlined at
the edge of tumor, with fat, necrosis, blood vessels, and
calcification being avoided. The average value on three
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Figure 3 A 55-year-old male with CRAC. (A) The CT value of the lesion was 74.519.1 HU in the RT-VP map (red arrow). (B) The CT
value of the lesion was 160.0+25.6 HU in the 40-keV-VP map (red arrow). (C) The Zeff value of the lesion was 8.10+0.1 in the Zeff-VP map
(red arrow). (D) The IC-VP value was 1.41+0.2 mg/mL in the IC-VP map (red arrow). (E) A Ki-67 labeling index of 0.70 (HE, x100). (F)
An HER2 THC staining score of 0 (HE, x100). CRAC, colorectal adenocarcinoma; CT, computed tomography; HU, Hounsfield unit; RT,

routine CT; VP, venous phase; Zeff, effective atomic number; IC, iodine concentration; HE, hematoxylin and eosin staining; HER2, human

epidermal growth factor receptor 2; IHC, immunohistochemical.

consecutive slices was measured to minimize measurement
bias. The ROI was then copied to the same slice of other
different spectral parameter maps in the AP and VP images
(Figures 2-4).

Statistical analysis

Statistical analysis was calculated with SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables are
expressed as the mean * standard deviation (x+SD). First, the
intraclass correlation coefficient ICC) was used to evaluate
the reliability of spectral parameter measurement, and an
ICC >0.75 was considered to have good consistency (12).
Statistical significance of the SDCT parameters between
the different groups of Ki-67 expression and between the
different HER? status groups was assessed with the Mann-
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Whitney test. Spearman correlation analysis was used to
analyze the correlation of the SDCT parameters with Ki-
67 expression and HER2 expression status. In addition, the
receiver operating characteristic (ROC) curve was used, and
the area under the curve (AUC) was calculated. The optimal
cutoff value was determined according to the Youden index.
All examinations were bilateral, and a P value <0.05 was
considered statistically significant.

Results
Clinical characteristics

A total of 88 eligible cases were included in this study, with
the clinical characteristics of the included participants being
shown in Table 1.
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Figure 4 A 76-year-old female with adenocarcinoma of the sigmoid colon. (A) The CT value of the lesion was 96.5+21.7 HU in the RT-VP
map (red arrow). (B) The CT value of the lesion was 233.2+37.1 HU in the 40-keV-VP map (red arrow). (C) The Zeff value of the lesion
was 8.50£0.2 in the Zeff-VP map (black arrow). (D) The IC-VP value was 2.29+0.4 mg/mL in the IC-VP map (red arrow). (E) A Ki-67
labeling index of 0.85 (HE, x100). (F) An HER2 IHC staining score of 1+ (HE, x100). CT, computed tomography; HU, Hounsfield unit;
RT, routine CT; VP, venous phase; Zeff, effective atomic number; IC, iodine concentration; HE, hematoxylin and eosin staining; HER2,

human epidermal growth factor receptor 2; IHC, immunohistochemical.

Table 1 Clinical characteristics of the included participants

Ki-67 HER2
Characteristics
High expression Low expression Positive Negative

Cases, n [%] 59 [67] 29 [33] 26 [30] 62 [70]
Age (years), mean + SD 69+10 69+10 70+10 69+10
Male, n 33 15 12 36
Female, n 26 14 14 26
Rectum, n 23 16 12 27
Localization, n

Ascending/hepatic region 9 2 3 10

Transverse colon 6 3 3 4

Descending/splenic flexure 7 0 1 6

Sigmoid/rectum sigmoid junction 14 8 7 15

HER2, human epidermal growth factor receptor 2; SD, standard deviation.

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

Quant Imaging Med Surg 2024;14(1):789-799 | https://dx.doi.org/10.21037/qims-23-1054



Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 795

Table 2 Evaluation on the consistency of spectral parameters
measured by two observers

Table 3 Comparison of SDCT parameters between the Ki-67 low-
and high-expression groups in CRAC (mean + SD)

CT parameter ICC P value
RT-AP (HU) 0.910 <0.001
40-keV-AP (HU) 0.964 <0.001
100-keV-AP (HU) 0.793 <0.001
Zeff-AP 0.964 <0.001
IC-AP (mg/mL) 0.969 <0.001
NIC-AP 0.978 <0.001
Au-AP 0.962 <0.001
RT-VP (HU) 0.964 <0.001
40-keV-VP (HU) 0.972 <0.001
100-keV-VP (HU) 0.861 <0.001
Zeff-VP 0.882 <0.001
IC-VP (mg/mL) 0.958 <0.001
NIC-VP 0.917 <0.001
u-VP 0.968 <0.001

CT, computed tomography; ICC, intraclass correlation
coefficient; RT, routine CT; AP, arterial phase; Zeff, effective
atomic number; IC, iodine concentration; NIC, normalized iodine
concentration; Ay, slope of the spectral Hounsfield unit curve;
VP, venous phase.

Interobserver consistency of the quantitative parameters

Measured values of CRAC spectral quantitative parameters
demonstrated good interobserver consistency (ICC range,
0.793-0.978) (1uble 2).

The value of SDCT parameters in evaluating the
expression of Ki-67

The RT in VP, SDCT parameters of CT gy in VP, Zeff in
VP, IC in VP, and Ay in VP showed significant differences
between the Ki-67 high- and low-expression groups in
CRAC (P=0.030, P=0.035, P=0.041, P=0.036, and P=0.044,
respectively) (Table 3). Diagnostic efficacy of spectral
parameters in distinguishing between the high and low
expression of Ki-67 in CRAC were shown in 7able 4. The
AUCs were 0.639, 0.634, 0.638, and 0.633, respectively.
When the cutoffs were 130.3 HU, 8.205, 1.035, and 1.315

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

Ki-67
Parameter z P value
High (n=59) Low (n=29)
RT-AP (HU) 61.5+16.2 61.7+13.5 -0.022 0.982
40-keV-AP (HU) 104.3+48.1  109.4+41.0 -0.386 0.699
100-keV-AP (HU)  49.0+9.9 49.4+7.5 -0.067 0.947
Zeff-AP 7.7£0.3 7.8+0.3 -0.293 0.770
IC-AP (mg/mL) 0.7+0.5 0.8+0.5 -0.297 0.766
NIC-AP 0.1+0.1 0.1+0.1 -0.709 0.478
Ayu-AP 0.9+0.6 1.0+0.6 -0.315 0.753
RT-VP (HU) 77.9+15.0 745121 -2.171 0.030"
40-keV-VP (HU)  161.7£39.9 154.0£43.6 -2.113 0.035*
100-keV-VP (HU) 57.4+9.8 55.7+8.4 -1.798 0.072
Zeff-VP 8.1+0.3 8.1+0.3 —-2.043 0.041*
IC-VP (mg/mL) 1.4+0.5 1.3+0.5 -2.100 0.036*
NIC-VP 0.4+0.2 0.4+0.1 -0.373 0.709
Au-VP 1.7+0.6 1.6+0.7 -2.015 0.044

*, P<0.05. SDCT, dual-layer spectral detector CT; CT, computed
tomography; CRAC, colorectal adenocarcinoma; SD, standard
deviation; RT, routine CT; AP, arterial phase; Zeff, effective
atomic number; IC, iodine concentration; NIC, normalized iodine
concentration; Ay, slope of the spectral Hounsfield unit curve;
VP, venous phase.

for CT 4oy in VP, Zeff in VP, IC in VP, and A,y in VP,
the sensitivities were 94.9%, 39.0%, 94.9%, and 93.2%,
respectively, while the specificities were 31.0%, 89.7%,
31.0%, and 34.5%, respectively (7able 4). The expression
of Ki-67 in CRAC was positively correlated with RT in VP
(r=0.233; P=0.029), CT,pey in VP (r=0.227; P=0.034), Zeff
in VP (r=0.219; P=0.040), IC in VP (r=0.225; P=0.035), and
Mo in VP (r=0.216; P=0.043) (Tuble 5).

The value of SDCT parameters in evaluating the
expression of HER2

SDCT parameter values showed no statistical difference
between negative and positive expression in HER2 (all P
values >0.05) (Table 6). There was no significant correlation
between SDCT parameters and the expression in HER2 in
CRAC (all P values >0.05) (Tuble 7).
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Table 4 Diagnostic efficacy of spectral parameters in distinguishing between the high and low expression of Ki-67 in CRAC

Parameters Youden index Cutoff, HU Sensitivity (%) Specificity (%) AUC 95% Cl P value
40-keV-VP (HU) 0.259 130.3 94.9 31.0 0.639 0.512-0.766 0.035*
Zeff-VP 0.287 8.205 39.0 89.7 0.634 0.508-0.761 0.041*
IC-VP (mg/mL) 0.259 1.035 94.9 31.0 0.638 0.510-0.766 0.036*
Au-VP 0.277 1.315 93.2 34.5 0.633 0.504-0.762 0.044~

*, P<0.05. CRAC, colorectal adenocarcinoma; AUC, area under the curve; Cl, confidence interval; VP, venous phase; Zeff, effective atomic
number; IC, iodine concentration; A, slope of the spectral Hounsfield unit curve; HU, Hounsfield unit.

Table 5 Correlation between SDCT parameters and the expression
of Ki-67 in CRAC

Table 6 Comparison of SDCT parameters between the positive and
negative expression in HER2 in CRAC (mean + SD)

Parameter Correlation coefficient (r) P value
RT-AP (HU) -0.002 0.982
40-keV-AP (HU) —-0.041 0.702
100-keV-AP (HU) -0.007 0.947
Zeff-AP -0.031 0.771
IC-AP (mg/mL) -0.032 0.768
NIC-AP -0.076 0.482
Au-AP -0.034 0.755
RT-VP (HU) 0.233 0.029*
40-keV-VP (HU) 0.227 0.034*
100-keV-VP (HU) 0.193 0.072
Zeff-VP 0.219 0.040*
IC-VP (mg/mL) 0.225 0.035*
NIC-VP 0.040 0.711
Au-VP 0.216 0.043*

*, P<0.05. SDCT, dual-layer spectral detector CT; CT, computed
tomography; CRAC, colorectal adenocarcinoma; RT, routine
CT; AP, arterial phase; Zeff, effective atomic number; IC, iodine
concentration; NIC, normalized iodine concentration; A, slope
of the spectral Hounsfield unit curve; VP, venous phase.

Discussion

Studies have found that the 5-year survival rate of CRAC
is about 64% (13); however, the 5-year survival rate of
metastatic CRAC is only 12% (13,14). Therefore, it is
urgent to identify reliable prognostic factors for CRAC. At
present, some biomarkers, such as Ki-67 and HER2, have
shown promising value in the treatment and prognosis
of patients with CRAC. Ki-67 and HER2 are routinely

detected via IHC, which requires invasive biopsy or surgery

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

HER2
Parameter Positive Negative 4 P value
(n=26) (n=62)
RT-AP (HU) 66.6+15.1  59.0+15.0 -1.907 0.057

40-keV-AP (HU) 118.2+47.1 103.4+£34.8 -1.244 0.214

100-keV-AP (HU)  50.7+6.1  485+9.1 -1.866 0.062
Zefi-AP 7.8+0.3 7.7t03  -1.130 0.259
IC-AP (mg/mL) 0.9+0.6 0.7+04  -1171 0.242
NIC-AP 0.1£0.0 0.1+0.0  -0.466  0.641
Auu-AP 1.121.0 0.9+1.0 -1.024 0.306
RT-VP (HU) 80.2+182 76.5+150 -1.344 0.179

40-keV-VP (HU) 166.2+£58.9 158.7+39.4 -1.056 0.291

100-keV-VP (HU) 57.5+10.6  60.0+7.6 -1.116  0.264
Zeff-VP 8.1+0.3 8.1+£0.2 -1.185  0.236
IC-VP (mg/mL) 1.5+0.6 1.4+0.4 -1.454  0.146
NIC-VP 0.3+0.0 0.4+0.0 -1.180 0.238
Mu-VP 1.7+1.0 1.8+1.0 -1.148  0.251

SDCT, dual-layer spectral detector CT; CT, computed
tomography; HER2, human epidermal growth factor receptor 2;
CRAC, colorectal adenocarcinoma; SD, standard deviation; RT,
routine CT; AP, arterial phase; Zeff, effective atomic number; IC,
iodine concentration; NIC, normalized iodine concentration; Ay,
slope of the spectral Hounsfield unit curve; VP, venous phase.

to obtain the detection results. Moreover, the biopsy
lesions typically are relatively limited, it is easy to miss
invasive lesions, and the puncture process can cause tumor
metastasis (14). Therefore, an accurate and noninvasive
method is needed to predict the expression of Ki-67 and
HER?2 in patients with CRAC.
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Table 7 Correlation between SDCT parameters and the expression
of HER2 in CRAC

Parameter Correlation coefficient (r) P value
RT-AP (HU) 0.204 0.056
40-keV-AP (HU) 0.133 0.215
100-keV-AP (HU) 0.200 0.062
Zeff-AP 0.121 0.261
IC-AP (mg/mL) 0.126 0.244
NIC-AP 0.050 0.644
Aqu-AP 0.110 0.308
RT-VP (HU) 0.144 0.180
40-keV-VP (HU) 0.113 0.293
100-keV-VP (HU) 0.120 0.267
Zeff-VP 0.127 0.238
IC-VP (mg/mL) 0.156 0.147
NIC-VP -0.126 0.240
Aau-VP 0.123 0.253

SDCT, dual-layer spectral detector CT; CT, computed
tomography; HER2, human epidermal growth factor receptor 2;
CRAC, colorectal adenocarcinoma; RT, routine CT; AP, arterial
phase; Zeff, effective atomic number; IC, iodine concentration;
NIC, normalized iodine concentration; A, slope of the spectral
Hounsfield unit curve; VP, venous phase.

In recent years, SDCT has opened up a new field for CT
imaging. Compared with other types of dual-energy CT,
SDCT applies noise suppression and iterative algorithm
to reduce image noise and improve image quality and can
directly generate all spectral datasets without presetting the
dual-energy protocol, thus making the clinical workflow
more efficient (15,16).

In our study, CT,.y, Zeff, IC, and A,y showed
significant differences between the Ki-67 high- and low-
expression groups in CRAC with CT,y,y showing the
largest AUC for differentiating between the high and low
expression of Ki-67 in CRAC. Our result also showed that
CT ey in VP, Zeff in VP, IC in VP, and A,y in VP were
positively correlated with the expression of CRAC Ki-67. It
has been speculated that this correlation can be attributed
to the high expression of Ki-67 being related to the increase
in tumor blood supply, which leads to a higher CT value on
40-keV VMI (1,17). Compared with other VMIs, 40-keV
VMI exhibits the best signal-to-noise ratio and contrast-
to-noise ratio (18,19), which can significantly improve the

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

detection of lesions, as 40-keV is infinitely close to the
33-keV level of the iodine k edge (20,21).

IC (22) can reflect the vascular conditions and vascular
distribution of the tumor. High expression of Ki-67
represents an increase in tumor blood supply, thereby
causing an increase in the IC of CRAC (3).

Zeff represents the average atomic number of compounds
composed of different components in a tissue, and the
evaluation of Zeff can distinguish different tissues that exhibit
similar attenuation characteristics at a given energy (23).
Tissue with a high Ki-67 high expression indicates more cell
proliferation and abnormal angiogenesis than does tissue with
a low Ki-67 expression, so the iodine content of the tissue is
higher, which results in a higher Zeff value.

Different substances show changes in chemical molecular
structure, and different chemical molecules have variable
energy attenuation curves (24). This may explain why a
high- and low-expression of Ki-67 in CRAC is significantly
related to Ay (17,25).

In our study, CT,g.y, Zeff, IC, and Ayy in VP showed
significant differences between the Ki-67 high- and low-
expression groups in CRAC, which differs from previous
results in which CTyy.y and IC in AP were significantly
different (3). Our findings also indicated that the spectral
parameter value in VP could better predict the expression of
Ki-67 than that in AP, which was consistent with the results on
lung cancer of Dou ez al. and Zhang et al. (26,27). The reason
for this may be that the iodine contrast agent in VP can well
fill the microvessel and penetrate the basement membrane into
the vascular cell space so that the tissue components of CRAC
can be optimally contrasted and displayed in VP.

This study did not find that the expression of HER2 was
correlated with the spectral parameters of patients with
CRAC. We suspect this can be explained by the fact that
HER?2 protein overexpression only occurs in a small portion
of patients with CRAC (2,28). Regardless, the correlation
between SDCT parameters and HER?2 status needs to be
examined by further multicenter and large-sample studies
to produce more reliable results.

Some limitations to this study should be mentioned.
First, the sample size of this study was small, and a single-
center, retrospective design was employed, which could
have introduced a degree of selection bias. In the future, we
will solve this problem by expanding the sample size and
employing a multicenter research design. Second, we only
examined CRAC and did not explore other pathological
types of CRC. Further research on other pathological types
is needed in the future to verify the reliability of the results.
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Third, in our study, the number of HER2-positive cases was
relatively small, and more cases need to be collected in the
future.

Conclusions

SDCT quantitative parameters in VP provides valuable
information for distinguishing between the low and high
expression of Ki-67 in CRAC. This may help to guide the
clinical selection of appropriate treatments.
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