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Objective: The aim of this study was to determine the role of contrast-enhanced computed
tomography (CE-CT) parameters in predicting the expression status of HER2 in gastric
adenocarcinoma (GAC) patients before radical gastrectomy.

Materials and Methods: A total of 460 GAC patients who underwent non-contrast CT
(NC-CT) and CE-CT examinations before radical resection were enrolled in this retrospec-
tive study. The radiologists reviewed their CT scans and recorded parameters, including CT
attenuate value (CAV) and corrected CAV (cCAV). The pathologist identified the post-
operative HER2 expression status, and HER2 expression status was evaluated by immuno-
histochemical staining (IHC). The association between CE-CT parameters and HER2
expression status was analyzed.

Results: Among the 460 patients, 84 patients had HER2 over-expression status, at
a prevalence of 18.3%. The CAVs were significantly different between the 2 different
HER2 expression groups in the non-contrast and arterial phases (non-contrast phase: p =
0.005; arterial phase: p < 0.001). Besides, there was a significant difference in the cCAVs
between the 2 groups in the arterial phase (arterial phase: p = 0.003). Univariate and
multivariate logistic regression analyses identified that the maximum diameter of tumor,
differentiation degree, CAV in non-contrast, arterial, and portal phases, and cCAV in the
arterial phase were predictive factors of HER2 expression status.

Conclusion: Our analyses showed that the CE-CT parameters were significantly different
between different HER2 expression groups. CE-CT parameters could serve as simple,
objective predictive factors of HER2 expression status of GAC patients.

Keywords: gastric adenocarcinoma, contrast-enhanced-CT, human epidermal growth factor
receptor 2

Introduction
Gastric cancer (GC) is one of the leading causes of cancer-related death according
to global cancer statistics, especially in East Asia.' The histopathological character-
istics of GC, namely the pathological type, depth of invasion, differentiation degree,
lymph node metastasis, and molecular profiling, are well-known prognostic factors
in advanced GC.**

The human epidermal growth factor receptor 2 (HERZ2) is a proto-oncogene
located on chromosome 1721, and it is a potential therapeutic target for advanced

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 1211-1219 1211
© 2020 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:wenzhoucmj@163.com; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Wang et al

Dove

HER2-positive GC.*> In 6-35% of all GC patients, gastric
lesions have been reported to over-express HER2.°'* The
status of HER2 expression in gastric lesions is currently
evaluated by immunohistochemistry (IHC), silver in situ
hybridization (SISH), and fluorescence in situ hybridiza-
tion (FISH).>'""!? It was found to be correlated with tumor
grade and location on the intestine, but not with gender,
age, tumor location or (tumor node metastasis) TNM
stage, depth of invasion, lymph node metastases, and dis-
tant metastasis.*'>

At present, gastroscopic biopsy is the main routine
detection method to gain information about the histopatho-
logical characteristics of lesions before surgery. However,
gastroscopic histopathological findings are influenced by
many factors, including site and depth of the specimens
and evaluation of the pathologist. The small specimens
obtained using a gastroscope usually provide incomplete
information about the lesion; this is a major drawback as
some GCs are of mixed histopathological type. Besides,
gastroscopic biopsy is inevitably invasive and unable to
reach the outside of the gastric wall.'"*'> Complementarily,
CE-CT is a noninvasive method for evaluating the lesions
and further analyzing adjacent structures outside the gas-
tric wall.'®'” Recently, a number of articles proposed the
utility of CT for histopathological assessment of GCs. For
example, Zhengyang Zhou et al showed that CT texture
analysis was capable of accessing Lauren classification,
differentiation degree, and vascular invasion status of
GCs.'® Yuichiro Doki et al found that the optimal cut-off
values of visualized lymph node sizes in multidetector-row
CT were able to improve the diagnostic prediction of
lymph node metastasis in GC patients.'” Nonetheless, to
the best of our knowledge, there is no research on the
correlation between HER2 expression and CE-CT
parameters.

The aim of this study was to determine the role of CE-
CT in predicting the expression status of HER2 in GAC
patients before radical gastrectomy.

Materials and Methods

Patients

This study enrolled patients who were diagnosed with
GAC between July 2013 and February 2018 at The First
Affiliated Hospital of Wenzhou Medical University. The
inclusion criteria were as follows: (1) age 18 years or
older, (2) radical gastrectomy and lymphadenectomy car-
ried out at The First Affiliated Hospital of Wenzhou

Medical University, (3) newly diagnosed GAC confirmed
by postoperative pathological studies, (4) at least one
measurable intraoperative lesion, (5) HER2 status of
GAC lesion identified by IHC staining, and (6) must
have undergone CE-CT before radical excision. Patients
were excluded from the study if (1) they were treated with
any regimen such as chemotherapy or targeted agents
before surgery and CE-CT, (2) their CT image quality
was poor for post-processing owing to artifacts, and (3)
their tumor diameters were less than 5 mm, as this is
insufficient for containing a region of interest (ROI).

All data concerning the clinical characteristics and
subsequent operative treatment were extracted and ana-
lyzed in accordance with the Declaration of Helsinki.
The study was approved by the institutional review board
of The First Affiliated Hospital of Wenzhou Medical
University. Also, consent was waived by the institutional
review board given the retrospective nature of this study,
yet patient confidentiality was protected.

CT Image Acquisition

All patients underwent 64-slice multidetector CE-CT (Light
Speed Plus 16, GE Healthcare, Waukesha, WI) before radi-
cal resection. Written informed consent for preoperative CE-
CT was obtained from all patients. After fasting from solid
food for at least 6 h prior to examination, the patients were
requested to drink 600-1000 mL of water to achieve gastric
pouch distension. The patients were trained to hold their
breath before the scanning. All patients were in the supine
position and the scanner covered the entire or upper abdo-
men during a single breath hold. After a non-contrast scan (0
s), 100-120 mL iodinated contrast agent (Omnipaque
350 mg I/mL; GE Healthcare, Shanghai, China) was injected
intravenously at a flow rate of 3.0 mL/s using an automatic
injector. CE-CT images were obtained at 40 s (arterial
phase), 70 s (portal phase), and 240 s (delayed phase) after
the infusion of the contrast agent. NC-CT and CE-CT data-
sets were transferred to a picture archiving and communica-
tion system (PACS).

The parameters for abdomen CT were as follows: 64
detector rows, tube voltage of 120 kVp, tube current of 200
mA, rotation time of 0.4 s, section thickness of 0.625 mm,
pitch of 1.375 mm, and reconstruction interval of 0.625 mm.

CT Image Evaluation

Two seasoned radiologists (Lin Yi and Mao Dandan), with
10 and 7 years of experience in abdominal image reading,
respectively, reviewed the CT images. Both radiologists
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were blinded to the clinicopathological information, other
than the gastroendoscopy findings.

Referring to the general location of tumors (cardia, fun-
dus, body, antrum, etc.) on endoscopy, the two readers
independently reviewed the CT images and identified the
gastric lesions on PACS. The mediastinal window settings
included a window level (WL) of 50 and a window width
(WW) of 250. The GCs were characterized as focal thicken-
ing of the gastric wall or mass lesions with obvious enhance-
ment on CE-CT images. The focal thickening was
determined to be cancerous when it was at least 6 mm or
greater than the thickness of the adjacent gastric wall on the
axial images.'®'" After general localization, the readers
targeted the largest tumor section on the axial images as
the ROI (Figure 1). The ROI was manually drawn along the
margin of the lesion, while the gastric lumen and the image
artifacts were carefully avoided. After drawing the ROI, the
PACS software automatically generated the average CAV,
which was the mean of all of pixels’ CT values within the
ROI. Image analysis for each patient was performed sepa-
rately in the non-contrast, arterial, portal, and delayed
phases. The ROIs in different phases were drawn on the
same slice and at the same location. When drawing the ROIs
in contrast-enhanced phases, the two radiologists measured
the mean CAV in the aortic canal on the same slice to
calculate the corresponding corrected CAV ([cCAV] CAV
in ROI/CAV in aortic canal). The two readers interpreted the
CT images independently, and the ROI drawings were ver-
ified without any significant divergence between them.

The two radiologists reviewed the CE-CT and NC-CT
of each patient and recorded a set of parameters as fol-
lows: (1) CAV of ROI in non-contrast phase, (2) CAV of
ROI in arterial phase, (3) CAV of ROI in portal phase, (4)
CAV of ROI in delayed phase, (5) cCAV of ROI in arterial
phase, (6) cCAV of ROI in portal phase, and (7) cCAV of
ROI in delayed phase. The average parameters (CAYV,

cCAV, etc.) of the two readers were calculated for statis-
tical analyses as well as interobserver agreement analysis.

Pathological Evaluation
Postoperative pathological diagnoses were retrospectively
identified by one experienced pathologist (Jinyu Zheng
with 8 years of experience in gastrointestinal pathology)
in all cases. The HER2 expression status of all GAC
patients was identified by IHC.

Tissue samples of GC lesions were fixed in 10% buffered
formalin and embedded in paraffin. The paraffin block of
each specimen was cut into 4-pm and 2-pum-thick sections
for IHC. IHC study was performed using the HercepTestTM
(Dako, Denmark) according to the manufacturer’s guide-
lines, and the lesions were scored using the validated proto-
col for GC. In our study, only HER2 IHC 2+ or IHC 3+ were
considered HER2 positive.®

In light of the WHO'’s classification of digestive tumors
and UICC 2010 TNM

20,21

classification of malignant
tumors, the pathologist reviewed and recorded a set
of histopathological parameters as follows: (1) HER2
expression status, (2) location of tumor, (3) maximum
diameter of tumor, (4) differentiation degree, (5) T stage
(depth of infiltration), (6) N stage (lymph node metastasis),
(7) M stage (distant metastasis), (8) vascular invasion

status, and (9) neural invasion status.

Statistical Analysis

According to the HER2 expression status, we divided the
patients into two groups, HER2-positive group and HER2-
negative group. Then, we compared the clinicopathological
characteristics between the two groups by Mann—Whitney
U-test (continuous variables) or chi-square test (categorical
variables). The CE-CT parameters between the two groups
were compared by independent sample #-test and Spearman
correlation analysis. Normal distribution of CE-CT para-
meters was conducted by Kolmogorov—Smirnov test. The

Figure | NC-CT and CE-CT scans of GACs.

Notes: CT images in the non-contrast phase (A), arterial phase (B), portal venous phase (C), and delayed phase (D) showed a thickened gastric wall. The thickened gastric
wall was targeted as the ROI. The ROl was manually drawn along the margin of the lesion (red line).
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diagnostic performance of CE-CT parameters in distinguish-
ing between different HER2 expression statuses was
assessed by receiver operating characteristic (ROC) analysis.
Besides, we evaluated the interobserver agreement between
the measurements of the CE-CT parameters of the two radi-
ologists using the intra-class correlation coefficient (ICC)
(0.000-0.200, poor; 0.201-0.400, fair; 0.301-0.600, moder-
ate; 0.601-0.800, good; 0.801-1.000, excellent). The uni-
variable and multivariable analyses were performed by
logistic regression analyses. All variables with a p value
< 0.1 in the univariable analysis were subsequently included
in the multivariable logistic regression model. All tests were
two-sided and the test results with p value <0.05 were con-
sidered statistically significant. All statistical analyses were
performed using the SPSS 19 statistical software (SPSS Inc./
IBM, Armonk, NY).

Results

Patients’ Clinicopathological Characteristics
A total of 460 patients with GAC were enrolled in this retro-
spective study, and their clinicopathological characteristics are
summarized in Table 1. Among the 460 patients, 84 patients
had HER?2 over-expression status with a prevalence of 18.3%.
Additionally, the HER2 overexpression was not very common
in GACs at the antrum and pylorus (p = 0.016) and in undif-
ferentiated GACs (p < 0.001) but was common in differen-
tiated GACs (p < 0.001) with statistical significance (Table 1).

CT Analysis and Diagnostic Performance
The interobserver agreement between the measurements of
CE-CT parameters of the two radiologists was ranked
from good to excellent. Specifically, the ICCs of CAV in
non-contrast, arterial, portal, and delayed phases were
0.690 (good), 0.865 (excellent), 0.845 (excellent), and
0.856 (excellent), respectively. The ICCs of cCAV in the
arterial, portal, and delayed phases were 0.807 (excellent),
0.817 (excellent), and 0.811 (excellent), respectively.

In the dynamic CE-CT analysis, the CAVs were signifi-
cantly different between the two different HER2 expression
groups in the non-contrast and arterial phases (non-contrast
phase: p =0.005; arterial phase: p <0.001; Table 2). Besides,
the CAVs of the HER2-positive group were significantly
lower than those of the HER2-negative group in the non-
contrast phase, but the CAVs of the HER2-positive group
were significantly higher than those of the HER2-negative
group in the arterial phase (Figure 2). There were significant
differences in the cCAVs between the two groups in the

arterial phase (p = 0.003; Table 2, Figure 2). On correlation
analysis, the CAVs in the non-contrast (CC = —0.135,
p=10.004), arterial (CC =0.172, p <0.001), and portal phases
(CC = 0.093, p = 0.047) were found to be significantly
correlated with different expression statuses of HER2.
While the CAVs in the non-contrast phase were negatively
correlated with HER2 expression status, the CAVs in the
arterial and portal phases were positively correlated with
HER2 expression status. Regarding the cCAVs, only the
cCAVs in the arterial phase were correlated with HER2
expression status (CC = 0.141; p = 0.002; Table 2).

With regard to the diagnostic performance of the CE-CT
parameters in predicting HER2 expression, the cut-off, sen-
sitivity, specificity, and AUC under ROC curve are listed in
Table 3. The CAVs in the non-contrast, arterial, and portal
phases could distinguish between HER2-positive and nega-
tive GACs (non-contrast phase: AUC = 0.601, p = 0.004;
arterial phase: AUC = 0.628, p < 0.001; portal phase: AUC
=0.569, p = 0.047; Table 3). Additionally, with a cut-off of
0.255, the cCAVs in the arterial phase showed a sensitivity
of 50.0% and a specificity of 69.4% in distinguishing
between GACs with HER2-positive and negative expres-
sion (AUC = 0.605, p = 0.003). However, the cCAVs in the
other phases did not show any significant discrimination.

Logistic Regression Analysis
The results of the univariate and multivariate logistic regres-
sion analyses of factors affecting HER2 expression are listed
in Table 4. The univariate analysis revealed that differentia-
tion degree [differentiated type vs undifferentiated type, OR
= 5.944, 95% confidence interval (95% CI) = 3.264-10.826,
p < 0.001; mixed type vs undifferentiated type, OR = 2.853,
95% CI =1.501-5.425, p = 0.001], CAVs in the non-contrast
(OR =0.411, 95% CI = 0.244-0.693, p = 0.001), arterial (OR
= 2.681, 95% CI = 1.653-4.346, p < 0.001), and portal
(OR = 2470, 95% CI = 1.260-4.845, p = 0.008) phases,
and cCAVs in the arterial phase (OR = 2.270, 95%
CI = 1.403-3.670, p = 0.001) were significantly associated
with HER2 expression status.

Multivariate analysis included all the variables with
p value <0.1 in the univariate analysis, and all the CT
parameters were separately included in multivariate
logistic regression analysis (Table 4 and Table S1). It
was found that the long maximum diameter of tumor
(OR = 1.126, 95% CI = 1.021-1.242, p = 0.017), differ-
entiated and mixed GACs (differentiated type vs undif-
ferentiated type: OR = 5.505, 95% CI = 2.942-10.302,
p < 0.001; mixed type vs undifferentiated type: OR =
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Table | Clinicopathological Characteristics of Patients with GACs, Median (Range) or n (%)
Characteristic Total (n=460) HER2 Positive (n=84) HER2 Negative (n=376) P value
Gender
Male/Female 353/107 64/20 289/87 0.887
Age (years) 66 (29-89) 66 (43-87) 65.5 (29-89) 0.273
Location
Cardia and fundus 83 (18.0) 20 (23.8) 63 (16.8) 0.129
Body 113 (24.6) 26 (31.0) 87 (23.1) 0.133
Antrum and pylorus 246 (53.5) 35 (41.7) 211 (56.1) 0.016
Whole stomach 18 (3.9) 3 (3.6) 15 (4.0) 1.000
Maximum diameter of tumor (cm) 4.3 (0.5-14.0) 5.0 (1.0-12.5) 4.0 (0.5-14.0) 0.122
Differentiation degree
Differentiated type 112 (24.3) 40 (47.6) 72 (19.1) <0.001
Mixed type 114 (24.8) 24 (28.6) 90 (23.9) 0.374
Undifferentiated type 234 (50.9) 20 (23.8) 214 (56.9) <0.001
Vascular invasion status
Yes/No 167/293 23/61 144/232 0.060
Neural invasion status
Yes/No 151/309 21/63 130/246 0.091
Pathological T stage
Tl 54 (11.7) 14 (16.7) 40 (10.6) 0.121
T2 64 (13.9) I (13.1) 53 (14.1) 0.811
T3 315 (68.5) 54 (64.3) 261 (69.4) 0.360
T4 27 (5.9) 5 (6.0) 22 (5.9) 1.000
Pathological N stage
NO 138 (30.0) 32 (38.1) 106 (28.2) 0.073
NI 84 (18.3) 13 (15.5) 71 (18.9) 0.465
N2 113 (24.6) 20 (23.8) 93 (24.7) 0.859
N3 125 (27.2) 19 (22.6) 106 (28.2) 0.299
Pathological M stage
MO 436 (94.8) 81 (96.4) 355 (94.4) 0.593
MI 24 (5.2) 3 (3.6) 21 (5.6)
TNM stage
| 104 (22.6) 22 (26.2) 82 (21.8) 0.385
Il 132 (28.7) 27 (32.1) 105 (27.9) 0.440
1] 199 (43.3) 32 (38.1) 167 (44.4) 0.291
\% 25 (5.4) 3 (3.6) 22 (5.9) 0.405

Abbreviations: T, tumor; N, lymphoma node; M, metastasis.

2.843, 95% CI = 1.479-5.463, p = 0.002), low CAV
in the non-contrast phase (OR = 0.477, 95% CI =
0.273-0.832, p = 0.009), high CAV in the arterial (OR
= 2.583, 95% CI = 1.548-4.310, p < 0.001) and portal
phases (OR = 3.188, 95% CI = 1.52-6.462, p = 0.001),
and high cCAV in the arterial phase (OR = 2.348, 95%
CI = 1.404-3.927, p = 0.001) were risk factors for the
HER2-positive group.

Discussion

In this study, we found a correlation between preoperative
CT parameters and postoperative histopathological HER2
expression status of GACs, which has never been reported
previously. Our analysis showed that HER2-positive GACs
showed significantly low CAVs in the non-contrast phase and
high CAVs in the arterial and portal phases, compared to the

HER2-negative group. Besides, univariate and multivariate
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Table 2 Dynamic CT Parameters of Patients with GACs, Mean (£SD)
Parameters Total (n=460) HER2 Positive HER2 Negative P value | Correlation P value
(n=84) (n=376) Coefficient(CC)
with HER2 Status
Non-contrast phase
CAV (HU) 3791 (x¥7.81) 35.74 (¢8.11) 38.40 (+7.66) 0.005 —0.135 0.004
Arterial phase
CAV (HU) 64.07 (£15.92) 69.64 (£16.61) 62.82 (£15.51) <0.001 0.172 <0.001
cCAV 0.24 (+0.07) 0.26 (+0.07) 0.24 (£0.07) 0.003 0.141 0.002
Portal phase
CAV (HU) 83.71 (£18.37) 86.94 (£16.67) 82.99 (x18.67) 0.075 0.093 0.047
cCAV 0.61 (£0.13) 0.62 (+0.12) 0.60 (£0.13) 0.194 0.050 0.284
Delayed phase
CAV (HU) 79.51 (£17.90) 80.79 (£18.51) 79.21 (£17.77) 0.466 0.032 0.490
cCAV 0.70 (+0.14) 0.70 (+0.16) 0.69 (0.14) 0.593 0.001 0.975

Abbreviations: SD, standard deviation; CAV, CT attenuate value; cCAV, corrected CT attenuate value; HU, Hounsfield unit.

logistic analyses showed that low CAVs in the non-contrast
phase, high CAVs in the arterial and portal phases, and high
cCAVs in arterial phase were risk factors for HER2 over-
expression of GACs.

HER2 is a member of the epidermal growth factor
receptor (EGFR) family, whose over-expression has been
associated with cell transformation and oncogenesis.*> *
Recently, the development of targeted therapy, such as
trastuzumab, has drawn attention to HER2 expression
status.>>?® Clinical studies have shown that several clin-
icopathological characteristics, such as, older age, male,
intestinal type, and well-differentiation, were correlated
with HER2 over-expression.'*?” In this study, we found
that the differentiation degree of GACs was also related
with HER2 over-expression. Besides, we found that pre-
operative CE-CT parameters, namely CAV in the arterial,
portal, and delayed phases and cCAV in the delayed phase

2001

-

(2.

o
1

m

T

Non-contrast Arterial

CT attenuate value(HU)
a 2
? o

Portal Delayed

Corrected CT attenuate value

(Table 4) were associated with HER2 expression in the
lesions of GAC, in line with the findings of Ciesielski,
who found a relationship between HER2 overexpression
and angiogenesis in GC.*®

A previous study by Minkyu Jung showed that GCs
with HER2 over-expression generally show high 18F-
fluorodeoxyglucose (FDG) uptake in PET/CT scan images
of the primary gastric tumor lesion before therapy.”’
Similarly, we observed higher CAVs in the arterial and
portal phases in HER2-positive GACs than in HER2-
negative GACs (Table 2). We also observed that HER2
overexpression was more common in differentiated GACs
than in undifferentiated GACs (Table 1). Many studies
proposed that HER2 expression status is associated with
the differentiation degree of GCs.'*3%*! Besides, there
were significant differences in the CAVs of GCs showing
different degrees of differentiation in some previous

B
1.5
HER2+
[ElHER2-
1.0+
ﬁ**l
0.5+ %
0.0

Arterial Portal Delayed

Figure 2 CT parameters between two different HER2 expression groups were compared.
Notes: (A) The CAVs were significantly different between 2 groups in non-contrast (p = 0.005) and arterial (p < 0.001) phases. (B) The cCAVs were significantly different

between 2 groups in arterial (p = 0.003) phase. ***p < 0.01.
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Table 3 Diagnostic Performance of CT Parameters in Distinguishing the HER2 Status

Parameters Cut-Off Sensitivity Specificity AUC P value
Non-contrast phase

CAV 32.29 0.822 0.345 0.601 0.004
Arterial phase

CAV 67.36 0.583 0.657 0.628 <0.001

cCAV 0.255 0.500 0.694 0.605 0.003
Portal phase

CAV 70.37 0.869 0.271 0.569 0.047

cCAV 0.283
Delayed phase

CAV 0.489

cCAV 0.975

Abbreviations: AUC, area under the receiver operating characteristic curve; CAV, CT attenuate value; cCAYV, corrected CT attenuate value.

. 3233
studies.**?

and CE-CT parameters with high values could be influ-
enced by these histologic characteristics. Additionally,

Thus, the correlation between HER2 positivity

Table 4 Univariate and Multivariate Logistic Regression Analysis for Patients with Gastric Adenocarcinomas

compared to PET/CT, as an auxiliary modality to predict
the HER2 expression status, CE-CT is affordable and

easily available in developing countries.

Variable Univariate Analysis Multivariate Analysis
Crode OR (95% CI) P value Adjust OR (95% CI) P value

Gender (male vs female) 1.038 (0.595-1.811) 0.895
Age (265 vs <65; years) 0.909 (0.566—1.460) 0.693
Location

Cardia and fundus 1.587 (0.417—-6.048) 0.498

Body 1.494 (0.401-5.564) 0.549

Antrum and pylorus 0.829 (0.228-3.013) 0.776

Whole stomach I
Maximum diameter of tumor(cm) 1.087 (0.992-1.190) 0.073 1.126 (1.021-1.242) 0.017
Differentiation degree

Differentiated type 5.944 (3.264-10.826) <0.001 5.505 (2.942-10.302) <0.001

Mixed type 2.853 (1.501-5.425) 0.001 2.843 (1.479-5.463) 0.002

Undifferentiated type | |
TNM stage

| 1.967 (0.539-7.182) 0.306

Il 1.886 (0.525-6.770) 0.331

1] 1.405 (0.397—4.975) 0.598

v |
Vascular invasion status (yes vs no) 0.607 (0.360-1.025) 0.062 0.734 (0.408-1.320) 0.301
Neural invasion status (yes vs no) 0.631 (0.368-1.080) 0.093 0.901 (0.492-1.648) 0.734
CAV in non-contrast phase (232.29 vs <32.29; HU) 0.411 (0.244-0.693) 0.001 0.477 (0.273-0.832) 0.009
CAV in arterial phase* (267.36 vs <67.36; HU) 2.681 (1.653—4.346) <0.001 2.583 (1.548-4.310) <0.001
cCAV in arterial phase* (20.255 vs <0.255) 2.270 (1.403-3.670) 0.001 2.348 (1.404-3.927) 0.001
CAV in portal phase* (270.37 vs <70.37; HU) 2.470 (1.260-4.845) 0.008 3.188 (1.52-6.462) 0.001

Notes: *These analyses were done in separate multivariate Cox regression analyses, including patient characteristics like maximum diameter of tumor, differentiation
degree, vascular and neural invasion status, besides the CAV in non-contrast phase. These analyses' results were listed in Table SI.
Abbreviations: CAV, CT attenuate value; cCAY, corrected CT attenuate value; OR, odd ratio.
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Our study showed that preoperative CT parameters
could be helpful biomarkers for predicting HER2 expres-
sion of GACs. Due to high heterogeneity of GACs, gene-
expression profiling based on tissue specimens may be
affected by sampling errors, especially in the case of
endoscopic biopsy specimens. The CE-CT parameters
can be used to evaluate the gastric lesions and further
analyze their adjacent structures outside the wall in a non-
invasion manner. Therefore, acquiring these imaging fea-
tures could be useful in guiding biopsy and predicting
HER?2 expression status.

However, this study still has some limitations: (1)
retrospective nature of the study, (2) single-center research
study with inevitable selection bias, and (3) lack of other
pathological types such as squamous carcinoma and ade-
nosquamous carcinoma. Despite the above limitations,
a combination of traditional clinicopathological findings
and radiomic features might improve the diagnostic pre-
diction of HER2 expression status.

In conclusion, we found that CE-CT parameters could
serve as simple, objective factors in a Chinese GAC
cohort. Given its effectiveness and convenience, we
hypothesize that CE-CT parameters aid not only cancer
staging but also HER2 expression prediction. Further
detailed, larger prospective studies are required to confirm
the specific role of CE-CT parameters as prognostic fac-
tors in HER2 status prediction in GAC.

Conclusion

In summary, this study showed that CE-CT parameters were
correlated with HER2 expression status in GAC patients.
Although the sensitivity and specificity were restrictive to
some extent, preoperative CE-CT parameters, especially
CAVs, could be potentially helpful biomarkers for predicting
the HER2 expression of GACs. Further studies with larger
sample sizes are required for confirming the relationship.

Abbreviations

CE-CT, contrast-enhanced CT; GAC, gastric adenocarci-
noma; NC-CT, non-contrast CT; CAYV, CT attenuate value;
cCAYV, corrected CAV; THC, immunohistochemical stain;
OR, odds ratio; GC, gastric cancer; HER2, human epider-
mal growth factor receptor 2; SISH, silver in situ hybridi-
zation; FISH, fluorescence in situ hybridization; ROI,
region of interest; PACS, picture archiving and commu-
nication system; WL, window level; WW, window width;
ROC, receiver operating characteristic; ICC, intra-class
correlation coefficient; CC, correlation coefficient; CI,

confidence interval; EGFR, epidermal growth factor recep-
tor; FDG, fluorodeoxyglucose.
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