STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No. Recommendation

Page
No.

Relevant text from manuscript

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

A retrospective analysis was conducted on
the CEUS data of 239 lesions through Case-
control study

(b) Provide in the abstract an informative and balanced summary of what was done and what

was found

1-2

To assess the differentiation of
hepatocellular carcinoma (HCC) by utilizing
the parameters and imaging features of
Sonazoid-contrast-enhanced ultrasound
(CEUS).

Combined with preoperative AFP level, a
more accurate diagnosis will be
obtained.Compared with portal vein phase,
Kupffer phase showed the ability to identify
HCC lesions more sensitive.

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

4-6

Numerous studies have demonstrated that
the histological grade of HCC is strongly
associated with its biological aggressiveness
and clinical outcome.

Our findings may contribute to improving
early risk stratification, reducing reliance on
invasive biopsies, and enhancing the
precision of HCC management in clinical

practice.

Objectives 3 State specific objectives, including any prespecified hypotheses

The primary objective of our study was to
investigate the utility of preoperative B-
mode ultrasonographic features combined

with quantitative parameters derived from




Sonazoid-CEUS in predicting the
histological differentiation of HCC. Hence,
by analyzing a large cohort of surgically and
pathologically confirmed HCC lesions, we
aimed to establish a reliable, non-invasive
diagnostic approach that can assist in
preoperative tumor grading.

Furthermore, we sought to define optimal
quantitative thresholds cut-off values for
key CEUS parameters that may serve as
reference standards in the non-invasive

assessment of histological grade.

Methods

Study design

Present key elements of study design early in the paper

A retrospective analysis was conducted on
the CEUS data of 239 lesions through Case-
control study. These patients received
Sonazoid-CEUS within one week before
surgery and were confirmed as HCC by
postoperative pathology.

Setting

Describe the setting, locations, and relevant dates, including periods of recruitment, exposure,
follow-up, and data collection

Between September 2020 and September
2023, a total of 239 liver lesions of 237
patients in Tongji Hospital of Tongji
Medical College, University of Science and
Technology.

Participants

(a)Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and controls

The inclusion criteria for this study were as
follows: (1) the presence of intrahepatic
liver lesions identified through routine B-
mode ultrasound; (2) completion of
Sonazoid- CEUS within one week prior to
surgery, with comprehensive and high-

quality imaging data acquired, including




arterial phase (AP), portal venous phase
(PVP), delayed or late phase (LP), and
Kupffer phase (KP); the images had to be
clear, with stable respiration and minimal
interference from the lungs; and (3) surgical
resection followed by histopathological
confirmation of HCC, including assessment
of the degree of differentiation. The
exclusion criteria are shown in Figure 1. In
addition, relevant clinical and laboratory
data such as age, gender, lesion size, history
of hepatitis B, and serum alpha-fetoprotein
(AFP) levels were collected for further

analysis.

(b) Case-control study—For matched studies, give matching criteria and the number of controls

per case

Variables

Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers.

Give diagnostic criteria, if applicable

10,11
,12,T
able 1

The clinical data:lesion size, preoperative
AFP levels, Ki-67 expression, and the
presence of vascular invasion on
postoperative pathology,gender, age,
hepatitis B status.

Ultrasound features:the presence of
cirrhosis,onset time (OT), peak time (PT),
rise time (RT), and the absolute value of
peak intensity (PIAV),the absolute
enhancement intensity of the lesion (EIAV),
intensity difference (ID), and intensity ratio
(IR)

Data sources/

measurement

8%

For each variable of interest, give sources of data and details of methods of assessment

(measurement). Describe comparability of assessment methods if there is more than one group

9,10,
11

Using the system’ s built-in software, the
AP time-intensity curve was generated to
measure key parameters within the region of




interest (ROI).The enhancement pattern of
the lesion during the AP was carefully
reviewed. A sampling frame with a diameter
of 2 mm was placed in the region showing
the most intense enhancement, serving as
the sampling area. For the post-vascular
phase, the sampling frame was adjusted to
encompass the entire lesion as much as

possible.

Bias

9

Describe any efforts to address potential sources of bias

9,10

Image analysis and data collection were
independently conducted by two
sonographers, each with over five years of
experience in ultrasound diagnostics and
formal training in contrast-enhanced
imaging. The final values used for analysis
were the means of the measurements

obtained by the two sonographers.

Study size

10

Explain how the study size was arrived at

13,14

10*parameters.A total of 16 parameters
asked at least 160 study sizes.239 study
sizes were included in our study.

Continued on next page



Quantitative
variables

11

Explain how quantitative variables were handled in the analyses. If applicable, describe which

groupings were chosen and why

9,10

Using the system’s built-in software,
the AP time-intensity curve was
generated to measure key parameters
within the region of interest
(ROI).Time-intensity curves were
also obtained for both the lesion and
the surrounding normal liver
parenchyma at the same depth during
the KP. Three time points were
randomly selected along each curve
to record the corresponding
enhancement intensity values for
both regions.All pathological
diagnoses confirmed HCC. Cases
with high or moderate differentiation
were grouped as well-differentiated
(W-D), while those with low or
poorly moderate differentiation were
categorized as poorly differentiated
(P-D).

Statistical

methods

12

(a) Describe all statistical methods, including those used to control for confounding

11

Statistical analysis was conducted
using SPSS version 26.0. Continuous
variables were expressed as mean +
standard deviation, and comparisons
between two groups were performed
using the independent samples t-test.
Categorical variables were presented
as frequencies, with group
comparisons analyzed using the chi-
square test. Variables showing
significant differences in univariate

analysis were subsequently included




in a binary logistic regression model
for multivariate analysis. Receiver
operating characteristic (ROC) curve
analysis was applied to preoperative
diagnostic parameters that were
statistically significant in either
univariate or multivariate analysis, in
order to determine the optimal cut-off
values, sensitivity, specificity, and
area under the ROC curve (AUC) for
each quantitative indicator in
predicting HCC differentiation. A
two-tailed P-value of less than 0.05
was considered statistically

significant.

(b) Describe any methods used to examine subgroups and interactions

11

Continuous variables were expressed
as mean =+ standard deviation, and
comparisons between two groups
were performed using the
independent samples t-test.
Categorical variables were presented
as frequencies, with group
comparisons analyzed using the chi-

square test.

(c) Explain how missing data were addressed

Delete or multiple correction,

(d) Case-control study—If applicable, explain how matching of cases and controls was addressed

All pathological diagnoses confirmed
HCC. Cases with high or moderate
differentiation were grouped as well-
differentiated (W-D), while those
with low or poorly moderate
differentiation were categorized as




poorly differentiated (P-D).

All patients provided written
informed consent to participate in the
study, and the protocol was approved
by the hospital ethics committee
(Ethics Approval Number: TJ-
IRB20210130).

(e) Describe any sensitivity analyses 17 Multivariate analysis identified
elevated AFP levels (>7 ng/mL) as an
independent risk factor for poor
differentiation (P=0.009)

Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined 8 Figure 1 Flow diagram of patients
for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed with HCC.

(b) Give reasons for non-participation at each stage 8 Figure 1 Flow diagram of patients
with HCC.

(c) Consider use of a flow diagram 8 Figure 1 Flow diagram of patients
with HCC.

Descriptive data ~ 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information on 8 Figure 1 Flow diagram of patients
exposures and potential confounders with HCC.

(b) Indicate number of participants with missing data for each variable of interest 13 Table 1 The results table

(¢) Cohort study—Summarise follow-up time (eg, average and total amount) 7,8 Between September 2020 and
September 2023,the lesions were
taken operation and confirmed as
HCC. And Sonazoid- CEUS was
completed within one week prior to
surgery.

Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over time 7,8 239

Case-control study—Report numbers in each exposure category, or summary measures of exposure No




Cross-sectional study—Report numbers of outcome events or summary measures

No

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 13,16
(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were

included

Table 1 The results table

(b) Report category boundaries when continuous variables were categorized 13,16

Table 1 The results table, Table 2

Diagnostic performance of variables.

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time

period

No

Continued on next page



Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 16,18,19 Figure 4 The ROC curves.In this
study, five lesions showed
hyperenhancement or
isoenhancement during the KP

Discussion

Key results 18 Summarise key results with reference to study objectives 12,16-22 IR as a valuable non-invasive
imaging biomarker.

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 22 There are also several limitations to

both direction and magnitude of any potential bias this study.

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 16-22 (DIR likely offers more reliable

analyses, results from similar studies, and other relevant evidence

results by minimizing variability
caused by individual differences in
liver fibrosis or circulation.
Additionally, IR is simple to
calculate and convenient for clinical
use, making it highly applicable in
practice.(2)Compared with the
efficacy of MRI in diagnosing the
histological grade of HCC, IR and
ID in KP of Sonazoid-CEUS
demonstrated similar diagnostic
efficacy.(3)Our findings indicate
that, compared to changes in
vascular density during the portal
phase, the decline in echo intensity
observed in the KP is more
pronounced as HCC progresses
across different levels of

differentiation.




Generalisability 21 Discuss the generalisability (external validity) of the study results

If the following conditions are met,
external promotion will achieve a
relatively consistent effect.

(1)meet the inclusion criteria for
this study.See page8.(2)Instruments
should be equipped with a convex
array probe (model C1-6T)
operating at a frequency range of
2.5 - 6 MHz. For CEUS, the
mechanical index was set between
0.18 and 0.22.(3)use the method of
examination,image and parameter
analysis and statistical methods in
the study.

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the

original study on which the present article is based

No

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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