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ABSTRACT

Background: The purpose of this study is to evaluate the value of computed
tomography (CT) / magnetic resonance imaging (MRI) fusion imaging technology in the
diagnosis and staging of liver cancer. Materials and Methods: Sixty patients with
primary hepatocellular carcinoma diagnosed by histopathology and cytology who
visited our hospital from April 2021 to May 2023 were selected. All patients
underwent CT and MRI single mode scans, as well as CT/MRI fusion imaging scans.
Based on the pathological diagnosis results, the consistency and accuracy of three
imaging methods in evaluating the number, maximum diameter, and staging of liver
cancer patients were compared. Results: CT/MRI fusion imaging can more accurately
determine the number (F=8.62, P<0.001), maximum diameter (F=86.69, P<0.001), and
pathological staging of liver cancer lesions compared to single CT or MRI. In terms of
determining the number of tumors, CT/MRI fusion imaging is superior to CT (Kappa
0.695 vs 0.654) and MRI (Kappa 0.872 vs 0.695). In terms of evaluating the maximum
pathway, CT/MRI fusion imaging has the highest consistency with MRI results (Kappa
0.931), which is significantly better than CT (Kappa=0.818). In staging judgment, CT/
MRI fusion imaging improves the diagnostic accuracy of stages Il and Il tumors.
Conclusion: The CT/MRI fusion imaging technology, which integrates the advantages
of CT and MRI imaging examination modes, can improve the display rate, quantitative
and staging evaluation accuracy of liver cancer lesions. And it is worthy of further

promotion to improve the imaging fine diagnosis level of liver cancer.

INTRODUCTION

Liver cancer remains a global health challenge,
with an estimated incidence of over 1 million cases in
2025. Hepatocellular carcinoma (Hepatocellular
Carcinoma, HCC) is the most common liver cancer,
within 90% of cases (1). Although the diagnosis
scheme of liver cancer is being improved, it will still
be affected by the accurate diagnosis of factors such
as tumor size and number and vascular invasion,
resulting in errors in disease diagnosis and prognosis
(@. However, most parameters need to make
preoperative decision plan based on the results of
postoperative pathological examination, especially
pathological stage. It can be seen that the timely and
accurate diagnosis and reasonable staging of liver
cancer need to improve the existing imaging
examination methods, so as to improve the accuracy
of treatment plan selection and stage judgment.

Imaging is extremely important for the diagnosis
of HCC, and the early diagnosis is imperative. Because
when the tumor volume of HCC is small, multiple
potentially curative treatment options can be
obtained for (3. Computed Tomography (CT) and
Magnetic Resonance Imaging (MRI) are commonly
used imaging modes for evaluating liver cancer (.
Both CT and MRI are suitable for the efficacy

evaluation stage after ultrasound examination in HCC
patients (). CT non-invasive imaging has considerable
value for predicting the efficacy in HCC patients
after primary TACE (6. Functional MRI techniques,
including diffusion-weighted imaging, hepatobiliary
contrast agent MRI, perfusion imaging, and magnetic
resonance elastography, show promise for providing
important information about the biological behavior
of tumors (M, However, CT and MRI have their own
advantages and disadvantages, and the application of
a single mode has certain limitations.

In recent years, a new technology has emerged in
the field of medical imaging - image fusion of CT and
MRI ®). This technology combines the advantages of
CT and MRI imaging modes, and can exert a
synergistic effect to improve the sensitivity and
specificity of the examination (9. Compared with
concurrent use, CT-MRI image fusion method is more
accurate in evaluating the edges of ablated lesions
and has better predictive value for local tumor
progression (10, However, most studies have
performed corresponding procedures in liver cancer
radiofrequency ablation (11 12, At present, the
application of this new technology for the diagnosis
and staging of liver cancer is still relatively rare, and
its clinical value needs further confirmation.
Therefore, it is necessary to observe the diagnostic
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and staging evaluation effects of CT/MRI fusion
imaging on liver cancer patients.

This study aims to collect patients with primary
hepatocellular carcinoma confirmed by pathological
examination, and all patients will undergo CT, MRI
single mode scanning, and CT/MRI fusion imaging
examination. Evaluate the application prospects of
fusion imaging technology in the diagnosis and
staging of liver cancer by comparing the effectiveness
of three scanning modes in evaluating tumor
features. Assuming fusion imaging may improve the
detection rate and staging accuracy of liver cancer.
This study is the first to apply CT, MRI single mode
scanning, and CT/MRI fusion imaging technology to
the diagnosis and staging of HCC, and compares the
effectiveness of the three scanning modes in
evaluating tumor features. Meanwhile, a group of
HCC patients confirmed by pathological examination
are used, ensuring the accuracy and reliability of the
research results. The research assumes that fusion
imaging technology may improve the detection rate
and staging accuracy of HCC, which will provide a
new technical means for imaging examination of HCC
patients. This study may provide a new technical
means for imaging examination of liver cancer
patients.

MATERIALS AND METHODS

General information

Sixty patients diagnosed with primary HCC by
histopathology and cytology who visited our hospital
from April 2021 to May 2023 were selected. This
study has been reviewed and approved by the
Medical Ethics Committee of our hospital. Patients
inclusion criteria: 1) Confirmed as primary HCC by
pathological examination; 2) Imaging examination
indicates single or multiple LC; 3) Those who have
not undergone radiotherapy or chemotherapy or
have undergone hepatic artery chemotherapy/
embolization; 4) Accompanied by complete imaging
and pathological data; 5) Informed consent and
cooperation with various inspections have been
obtained, and an informed consent form has been
signed. Patients exclusion criteria: 1) Patients with
severe dysfunction of important organs such as the
heart and lungs; 2) Concomitant severe bleeding
tendency or coagulation dysfunction; 3) There are
mental disorders or consciousness disorders that
affect examination or treatment; 4) Merging
secondary LC or having a history of other malignant
tumors; 5) Pregnant or lactating women. A total of 38
males and 22 females, aged 41-73 years, with an
average age of (58.70+7.00) years, were included.
The number of tumors was 1-6, with an average
number of (1.68+1.44). Among them, 41 were single
LC, 14 were 2-3 tumors, and 5 were larger than 3
tumors. The maximum diameter of the tumor was

1.20-6.80cm, with an average of (3.56+1.53) cm. 23
cases were less than 3cm, 31 cases were 3-5cm, and 6
cases were more than 5cm. Tumor staging (TNM
staging): 12 cases in stage I, 22 cases in stage II, 19
cases in stage III, and 7 cases in stage IV.

Table 1. Patient characteristics.

Variable Content Data
Gender Male 38
Age (years) Female 22
Number of tumors (examples) 58.70+7.00
Maximum diameter of tumor Single shot 41
(example) 2-3 pieces 14
TNM staglpg (example) >3 5
variable
Gender <3cm 23
Age (years) 3-5cm 31
Number of tumors (examples) >5cm 6
Maximum diameter of tumor Phase | 12
(example) Phase Il 22
TNM staging (example) Phase IlI 19
\éaerfdbelf Phase IV 7

Note: This table is a comprehensive compilation of patient
characteristics, TNM: staging criteria for tumor infiltration.

Imaging methods
Instruments and Equipment

CT adopts Philips Brilliance 256 layer iCT (brand:
Philips, origin: Netherlands); MRI adopts GE Pioneer
3.0T MRI scanning (brand: GE; origin: United States);
CT/MRI image fusion is performed using Velocity Al
software (brand: Velocity Al, origin: United States).

(1) CT examination method: The patient is placed
in a supine position, with the scanning range starting
from the lower edge of sternal stem to the upper pole
of kidney, to display the entire liver and part of chest.
This method can evaluate the primary lesion and
exclude distant organ metastasis. Philips Brilliance
256 layer CT was used, with a tube voltage of 120 kV,
a tube current of 250 mAs, a pitch of 0.8, a layer
thickness of 5mm, and an interval of 5mm. After the
flat scan, a three phase dynamic enhanced scan was
performed with the contrast agent Iohexol (total
amount 1.5 ml/kg) and an injection rate of 3-5 ml/s.
The blood supply and enhancement of the lesion
were observed during the arterial phase, portal
phase, and delayed phase. (2) MRI examination
method: The patient is placed in a supine position. A
3.0T superconducting MRI scanning system (GE Signa
HDx) was used, with the head as the first coil. A
16-channel body coil was used for routine scanning
(figure 1A). The axial T1 weighted imaging (T1WI)
uses a fast multiple echo sequence (FSE): TR 120 ms,
TE 4.1 ms, layer thickness 5mm, interval 1 mm,
matrix 256 x 256. Axial T2 weighted imaging (T2WI)
was performed using fast spin echo sequence (FSE):
TR 3000ms, TE 80ms, and other parameters were the
same as above. Three phases of Gd-DTPA dynamic
enhanced scanning were performed, with a contrast
agent dose of 0.1 mmol/kg and an injection rate of
2ml/s. Enhanced scans were collected at the arterial
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(figure 1B), portal (figure 1C), and delayed stages
(13s, 60s, and 180s). Diffusion weighted imaging
(DWI) uses single echo EPI sequence (SE-EPI) with b
of 0, 800, and 1000 s/mm?2. Finally, LAVA-Flex
sequence scanning was performed to provide lesion
specific histological information. Through multi-
parameter MRI (figure 1D) examination, the system
evaluates the location, signal characteristics, blood
supply, and diffusion performance of the lesion,
providing information for lesion diagnosis and CT/
MRI image fusion. (3) CT/MRI fusion examination
method: The digital image data obtained from CT and
MRI scans are imported into registration software
(MIM)  for  preprocessing. After cropping,
interpolation, and filtering, matching target points
are selected between CT/MRI (clear anatomical
markers at the bifurcation of liver blood vessels are
selected). Automatic rigid body registration of CT and
MRI images was achieved using MIM software. Based
on the fused images (figure 1E), radiologists
performed lesion localization and staging, collected
tumor diameter and number, calculated CT values
and MRI signals to evaluate tumor staging, and
recorded diagnostic results.

Figure 1. Typical images of CT,
MRI, CT/MRI fusion imaging.
(A) CT plain scan images; (B)
CT imaging of arterial phase;

(C) CT imaging of venous
phase; (D) Enhance MRI
images; (E) Fusion of CT/MRI
images.

Observed indicators

Number of tumors CT examination: Doctors can
determine the number of tumors present in the
patient's body by scanning the number of images.
Each tumor usually appears as an independent
nodule or lesion on the scanned image. MRI
examination: Tumors usually show obvious abnormal
areas, which may exhibit different signal
characteristics, such as high or low signal. The doctor
will mark the location of each tumor and calculate the
number of tumors. CT/MRI fusion examination:

Doctors will carefully observe the fusion image and
search for tumors on the liver or other parts. Each
tumor is usually displayed as an independent nodule
or lesion on the fusion image, and the number of
tumors is understood based on the three-dimensional
reconstruction results.

Maximum diameter of tumor CT examination: On
the cross-sectional image of the tumor, doctors use
measurement tools on the CT image to accurately
measure the maximum diameter of the tumor. The
maximum path is the distance from the widest point
of the tumor to the widest point on the opposite side.
MRI examination: After locating the tumor, doctors
use measurement tools on the MRI image to
accurately measure the maximum diameter of the
tumor. The maximum path is the distance from the
widest point of the tumor to the widest point on the
opposite side. CT/MRI fusion imaging: On the fusion
image, doctors use image measurement tools to
accurately measure the maximum diameter of the
tumor. The maximum path is the distance from the
widest point of the tumor to the widest point on the
opposite side.

Tumor staging: Referring to the TNM staging system
developed by the International Union for Cancer
(UICC) and the American Cancer Society (AJCC) ),
TNM staging is defined by imaging doctors.
Comprehensive judgments are made based on the
patient's tumor location, quantity, tumor diameter,
and other factors.

Statistical methods

The statistical software uses SPSS 26.0, the
quantitative data is represented by mean * standard
deviation, and repeated measurement analysis of
variance is performed to compare the differences
between groups. Pairwise comparison using SNK-q
test. Qualitative data is represented by the number of
cases and their constituent ratios, and differences
between groups are compared using X2 test. The
consistency rate of tumor maximum diameter
measurement, lesion number evaluation, TNM
staging and other indicators was calculated, and
Kappa test was used to compare the consistency
among these three imaging methods. The correction
level is a=0.05. GraphPad software was used to plot
the calculated Kappa test values as variables.
Combining the Kappa with SE values, a scatter plot
was drawn to clarify the Kappa differences between
different test method combinations.

RESULTS

Comparison of examination results for tumors
According to table 2, the detection rate of CT for
single tumors was 85.37%, MRI was 95.12%, and CT/
MRI fusion was 97.56% (P>0.05). The detection rate
of CT for 2-3 tumors was 71.43%, MRI was 85.71%,
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and CT/MRI fusion was 92.86% (P>0.05). Among
three tumor groups, the CT detection rate was the
lowest at 40.00%, MRI was 60.00%, and CT/MRI
fusion was the highest at 100.00% (P>0.05). In terms
of the average number of tumors, repeated
measurement analysis of variance showed significant
differences among the three examination methods
(F=8.62, P<0.001). After the LSD-q test, the
comparison between CT and CT/MRI fusion was
P=0.001.

Table 2. Comparison of accurate diagnosis rate and
examination results of tumor [Case (%)/MeanzSD].

Inspection Single Number of
m';thod (n=il) 23 (n=14)| >3 (n=5) tumors
cT 35(85.37) | 10(71.43) | 2(40.00) | 1.37£1.29
MRI 39(95.12) | 12(85.71) | 3(60.00) | 1.58+1.12
CT/MRI fusion| 40(97.56) | 13(92.86) |5(100.00)| 1.65+1.45
)(Z/F 5.035 2.400 4.200 8.62
P 0.081 0.301 0.123 <0.001

Note: Pairwise comparison, CT and CT/MRI fusion comparison,
P=0.001; Comparison of MRI and CT/MRI fusion, P=0.477; Comparison
between CT and MRI, P=0.435. CT: CT examination; MRI: MRI
examination; CT/MRI fusion: CT/MRI fusion examination;x2: Chi
square value; F: Single factor analysis of variance values; P: The
difference has a statistically significant threshold. This table compares
the diagnostic accuracy of the number of tumors obtained by different
examination methods.
Comparison of tumor maximum diameter
examination

According to table 3, the detection rate of CT is
the lowest for tumors with a maximum diameter of
less than 3cm, which is 78.26%. MRI is 95.65%, and
CT/MRI fusion is the highest, reaching 100%. The
comparison of the three shows P=0.009. The
detection rate of CT at 3-5 cm was 90.32%, MRI was
96.77%, and CT/MRI fusion was 100% (P>0.05). For
the maximum diameter > 5cm, the detection rate of
these three examination methods was 100%
(P>0.05). In terms of average maximum diameter,
repeated measurement analysis of variance showed
significant differences among the three groups
(F=86.69, P<0.001). After the comparison, the
pairwise comparison of these three showed P<0.01.

Table 3. Tumor diameter detection rate of CT, MRl and CT/

MRI fusion.
Inspection 3~5cm Maximum
P <3cm(n=23) >5cm(n=6)| diameter of
method (n=31)
tumor (cm)

cT 18(78.26) | 28(90.32) | 5(83.33) | 3.93+1.46
MRI | 22(95.65) | 30(96.77) | 6(100.00) | 3.76%1.53

CT/MRI 23(100.00) | 31(100.00) | 6(100.00) | 3.66%1.53
fusion
X/F 6.845 2.882 1.588 86.69
P 0.009 0.090 0.208 <0.001

Note: Pairwise comparison, CT and CT/MRI fusion, P<0.01. MRI and
CT/MRI fusion, P<0.01. CT and MRI, P<0.01.

Note: Pairwise comparison, CT and CT/MRI fusion comparison,
P<0.01; Comparison of MRI and CT/MRI fusion, P<0.01; Comparison
between CT and MRI, P<0.01. CT: CT examination; MRI: MRI
examination; CT/MRI fusion: CT/MRI fusion examination; x2: Chi
square value; F: Single factor analysis of variance values; P: The
difference has a statistically significant threshold. This table compares
the accuracy and results of tumor maximum diameter examination
obtained by different examination methods.

Comparison of tumor staging examination results

Phase I: The diagnostic accuracy of CT, MRI, and
CT/MRI fusion is relatively high, all of which are
above 80% (P>0.05). Phase II: The accuracy of CT is
81.82%, MRI is 90.91%, and CT/MRI fusion is 100%.
The comparison between the three shows P=0.036.
Phase III: CT has the lowest accuracy of 63.16%, MRI
has 78.95%, and CT/MRI fusion has the highest accu-
racy of 94.74% (P=0.017). Phase IV: The accuracy of
all three examinations is relatively high, exceeding
70% (P>0.05). Overall, the CT/MRI fusion imaging
method has improved the accuracy of TNM staging
diagnosis for mid-term (II, III) tumors, significantly
superior to a single examination.

Table 4. Accuracy comparison of tumor staging examination
[Case (%)].

Inspection Phase | Phase Il | Phase lll | Phase IV
method (n=12) (n=22) (n=19) (n=7)
cT 10(83.33) | 18(81.82) [12(63.16)| 5(71.43)
MRI 11(91.67) | 20(90.91) [15(78.95)] 6(85.71)
CT/MRI fusion | 12(100.00) | 22(100.00) | 18(94.74)|7(100.00)
xz 2.182 4.400 5.700 2.333

P 0.140 0.036 0.017 0.127

Note: CT: CT examination; MRI: MRI examination; CT/MRI fusion: CT/
MRI fusion examination; x2: Chi square value; P: The difference has a
statistically significant threshold. This table can reflect the differences
in tumor staging accuracy between CT, MRI, and CT/MRI fusion.

Consistency results

The consistency results of these three tests in
determining the number of tumors showed lower
consistency between CT and MRI (Kappa=0.654),
improved consistency between CT and CT/MRI fusion
(Kappa=0.695), and the highest consistency between
MRI and CT/MRI fusion (Kappa=0.872). In terms of
evaluating the maximum diameter of tumors, the
consistency of these three examination methods has
been improved to varying degrees, especially with the
fusion of MRI and CT/MRI achieving very good
consistency (Kappa=0.931). In terms of tumor staging
judgment, the consistency between CT and MRI was
slightly poor (Kappa=0.693), while the consistency
between CT/MRI fusion and other single
examinations was significantly higher (Kappa 0.813-
0.852). Overall, the application of CT/MRI fusion
technology can significantly improve the diagnostic
consistency with a single CT or MRI, especially in
determining the number and staging of tumors in
table 5. According to figure 2, the kappa values of
these three examination methods for tumor number,
maximum tumor diameter, and tumor stage are all
higher than 0.60, indicating good consistency among
these three.
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Table 5. Comparison of Kappa Consistency

Combination of inspection method Number of tumors Maximum diameter of tumor Tumorstaging
Kappa SE Kappa SE Kappa SE

CT and MRI 0.654 0.085 0.693 0.069 0.693 0.069

CT and CT/MRI fusion 0.695 0.080 0.818 0.016 0.813 0.053

MRI and CT/MRI fusion 0.872 0.039 0.931 0.004 0.852 0.047

Note: CT: CT examination; MRI: MRI examination; CT/MRI fusion: CT/MRI fusion examination; x2: Chi square value; P: The difference has a
statistically significant threshold. This table can reflect the consistency of tumor staging accuracy between CT, MRI, and CT/MRI fusion.
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Figure 2. Comparison of Kappa values in CT, MRI, and CT/MRI fusion examinations. (A) represents the number of tumors; (B) is the

maximum diameter of the tumor, and (C) is the tumor staging. This figure describes the consistency check differences among three

examination methods (CT, MRI, CT/MRI fusion imaging) used for evaluating tumor number, maximum tumor diameter, and tumor
staging.

DISCUSSION

In terms of histology, the main subtypes of LC
include classical variations, followed by
hepatocellular carcinoma with cholangiocarcinoma
and fibrous layer variations (14, and are prone to
microvascular infiltration (15). These features are
easily ignored solely based on a single imaging mode.
Fusion imaging integrates CT (which can distinguish
the location, shape, and boundary of the tumor (16)
and MRI (which is beneficial for identifying
microvascular infiltration (17), which can improve the
recognition of small lesions (18). In addition, LC has
the characteristic of high intrahepatic metastasis,
with multiple dynamic changes in the number of
lesions. Fusion imaging can depict a comprehensive
distribution of lesions (19). Moreover, LC can invade
the portal and hepatic veins. Accurately determining
the maximum diameter of the lesion and its
relationship with blood vessels can better guide
surgical procedures and precise tumor resection (20,
This study shows that CT/MRI fusion imaging has the
characteristic of accurately determining the key
parameters of LC lesions compared to CT or MRI
imaging alone. This is closely related to the
pathological and physiological characteristics of LC.
Therefore, theoretically speaking, CT/MRI fusion
imaging technology has a higher degree of
compatibility with the biological behavior of LC, and
can improve the accuracy of lesion detection and
quantitative evaluation.

CT/MRI fusion imaging is a medical image fusion
technology based on wavelet packet transform

theory. This technology first performs wavelet packet
transform on CT and MRI images to extract
low-frequency and high-frequency information of the
two mode images. Then, electronic adaptive medical
operators are used to fuse the low-frequency
information of the two images to obtain the
approximate coefficients of the fused images. Finally,
the high-frequency information of the two images is
used as the detailed coefficients of the fused image,
and the fused image is subjected to inverse wavelet
packet transform to obtain the fused images of CT
and MRI 1), The advantage of this technology is that
it can improve the detection rate of early LC lesions
smaller than 2cm, enabling more single lesions to be
detected and treated in a timely manner, and
improving prognosis (22). And it can more accurately
measure the size and number of lesions, providing
more accurate imaging basis for TNM staging and
surgical selection. It can also clearly determine the
spatial relationship between tumors and blood
vessels, guiding surgeons to develop personalized
tumor resection and liver reconstruction plans (@3).
Therefore, the application of CT/MRI fusion imaging
will optimize the diagnosis and treatment process of
LC, and effectively improve the quality of life of
patients. This technology is worth promoting and
applying in clinical practice to further improve the
therapeutic effect of LC.

The results of this study show that CT/MRI fusion
imaging can more accurately determine the number,
maximum diameter, and pathological staging of liver
cancer lesions compared to single CT or MRI. CT/MRI
fusion imaging is superior to CT and MRI in
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determining the number of tumors. In terms of
evaluating the maximum path, CT/MRI fusion
imaging has the highest consistency with MRI results,
which is significantly better than CT. Ayuso et al. 24
also found that CT/MRI fusion imaging is more
accurate in determining the number and maximum
diameter of liver cancer lesions compared to simple
CT or MRI. A new method for calculating 3D activity
and ITV potential of liver cancer using MRI has
achieved accurate calculation of respiratory activity
of mobile structures (25). CT/MRI fusion imaging
evaluation is not easily affected by patient breathing,
especially suitable for patients with unsatisfactory
4DCT imaging (26). 4D-MRI reconstruction may result
in severe or slight artifacts, mainly due to irregular
activity during image acquisition (27). CT/MRI image
fusion volume navigation can clearly locate and
diagnose liver lesions in patients with primary liver
cancer or metastatic diseases (28), Xu et al. 29 found
that CT/MRI fusion imaging is superior to a single
imaging mode in assessing the therapeutic response
of liver cancer to thermal ablation, but the number,
size, and staging of lesions were not observed. In
staging determination, CT/MRI fusion imaging has
improved the diagnostic accuracy of stage Il and III
tumors. This is consistent with the research findings
of Lima et al. (39, who found that CT/MRI fusion
imaging can improve the detection rate of early liver
cancer and reduce it. However, this study also has
certain limitations as the sample size is small and
requires further wvalidation. In addition, the
standardized operation and interpretation of image
fusion also need to establish expert consensus.

CONCLUSION

In summary, CT/MRI fusion imaging technology,
which integrates the advantages of CT and MRI
imaging examination modes, can improve the display
rate, quantitative and staging evaluation accuracy of
liver cancer lesions, and is worth further promotion
to enhance the level of imaging fine diagnosis of liver
cancer. It can be considered that CT/MRI fusion
imaging technology can significantly improve the
imaging diagnosis level of liver cancer, and its
application prospects in liver cancer screening and
precision surgery are broad.
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