Reviewer #1:

Scientific Quality: Grade C (Good)
Language Quality: Grade B (Very good)
Conclusion: Major revision

Specific Comments to Authors:

Author Response 1: Thank you very much for your valuable comment. We fully agree that the
innovative aspects of our study should be highlighted to emphasize its unique contribution to
the field. After careful consideration, we believe the novelty of our research lies in the following
key points:

From a total of 545 cases, we selected 239 that met strict inclusion criteria. All cases were
confirmed by surgical resection with histopathological diagnosis, ensuring a high level of
diagnostic reliability compared to many previous studies that included biopsy-confirmed or
clinically diagnosed cases.

We conducted a comprehensive analysis based on 16 variables derived from clinical data and
multimodal ultrasound imaging. These variables were selected considering potential
confounding factors and guided by clinical experience, ensuring robustness in statistical
analysis and clinical relevance.

"In addition to highlighting the value of Kupffer phase (KP) imaging features for
histological differentiation of hepatocellular carcinoma (HCC), we introduced three novel
quantitative CEUS parameters: enhancement intensity of arterial phase versus Kupffer
phase (EIAV), intensity difference (ID), and especially intensity ratio (IR). Among these, IR
showed superior performance in differentiating tumor grade compared to conventional
clinical markers, offering a practical, non-invasive, and reproducible tool for preoperative
evaluation of HCC."

We have revised the manuscript to emphasize these innovative aspects better. Please refer to
the sixth paragraph of the "DISCUSSION" section for the detailed revision.

Author Response 2: Thank you very much for this important comment. We were also
concerned about the abnormally high odds ratio (OR) value for IR (129,054.002; 95% CI:
142.934-116,521,944.2) during manuscript preparation. In response, we carefully reviewed the
original dataset and confirmed that, aside from five missing values, there were no data entry
errors. To further ensure accuracy, we consulted experts in biomedical statistics. After a
thorough review, no issues were identified in the dataset.

Based on their recommendations, we excluded the five cases with missing values and repeated
the logistic regression analysis. The analysis ran without error, and the system produced the



same pattern of results. We have included the complete regression output as a supplementary
file for transparency.See the Attachment,please.

The statistical experts advised that the extremely high OR is likely a result of the nature of the
IR variable. IR (intensity ratio) represents the ratio of lesion enhancement intensity to that of
the surrounding liver parenchyma, making it a highly sensitive parameter. Given its
continuous scale and a cut-off value of 1.215, even a small increase in IR substantially raises the
probability of the lesion being poorly differentiated HCC. Therefore, while the OR appears
unusually large, it is statistically valid and interpretable in this context.

We have added clarification in the manuscript to explain this point more clearly (please refer
to the revised Results and Discussion sections), and we remain confident in the reliability of

our findings based on the current analysis.

S
Binary logistic
regression analy:

Author Response 3: Thank you very much for your valuable suggestion. We agree that low
image resolution and unclear visualization of enhancement features could affect readers'
understanding and interpretation of the findings. To address this, we have provided locally
enlarged views within Figures 2-5 to highlight the relevant enhancement features better.
Furthermore, we have added appropriate image labels and annotations to improve clarity and
readability.

An example of the revised figure is provided below;

Figure 2: US figures of a case of poorly differentiated HCC.






Author Response 4: Thank you very much for your insightful suggestion. We fully agree that
understanding what is observed and why it occurs is crucial in establishing a solid theoretical
foundation for clinical application. In response, we have reviewed relevant literature and
expanded our discussion to explain why Kupffer cell reduction tends to occur earlier than
changes in vascular structure. This additional explanation helps clarify the underlying
mechanism by which Sonazoid CEUS detects histological changes in HCC and reinforces the
diagnostic value of the Kupffer phase.

Please refer to the following revised section for details.

"Our study identified this pattern in 10.2% (14/137) of W-D and 13.7% (14/102) of P-D lesions,
reinforcing that Kupffer cell depletion is a genuine and progressive feature of HCC
development. These results further emphasize the Kupffer phase as a more sensitive window
for detecting differentiation-related changes [30]. Some studies have suggested that in chronic
liver disease, regenerative nodules may progressively enlarge, transition into dysplastic
nodules, and eventually develop into HCC. Throughout this process, the nodules exhibit
characteristic changes in blood supply: a gradual decline in portal venous perfusion,
accompanied by an initial decrease and subsequent increase in arterial blood flow as
differentiation progresses [31]. On CEUS imaging, washout during the PVP can be observed.
However, the decline in portal vessel density and blood supply is not linear; instead, it
follows a gradual decline followed by a more rapid decrease.

Washout in the portal phase may be influenced by other contributing factors beyond
vascular density alone [32]. The reduction in Kupffer cell numbers in HCC is driven by
alterations in the tumor microenvironment, which persist throughout the entire course of
nodular progression and are both a cause and consequence of tumor evolution. As such,
Kupffer cell depletion may precede the reduction in portal blood supply. This could explain
our findings and suggests that integrating Kupffer-phase imaging and vascular assessment
may enhance the accuracy of histological grading in HCC lesions.
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(See the fourth paragraph of Section "DISCUSSION")



Author Response 5: Thank you very much for your valuable suggestion. We acknowledge that
Gd-EOB-DTPA-enhanced MRI and SPIO-MRI are important imaging modalities for evaluating
liver lesions and tumor differentiation. In the original version of our manuscript, we only
briefly mentioned these techniques in the Introduction without a detailed comparison. In
response to your comment, we have conducted a thorough literature review and added a
comparative discussion to contextualize better the diagnostic value of Sonazoid CEUS relative
to these established imaging methods.

Please refer to the revised text in the second paragraph of the "DISCUSSION" section. The
added content is as follows:

"Compared to the diagnostic performance of MRI in evaluating the histological grade of HCC,
the IR and ID parameters in the KP of Sonazoid-CEUS demonstrated comparable efficacy. For
instance, Yang Yan et al. [15] developed a combined model integrating a Gd-EOB-DTPA-
enhanced MRI radiomics signature with clinical predictors. This achieved excellent
performance in predicting HCC grade in the test cohort (AUC: 0.801). Similarly, Yingfan Mao
et al. [14] reported that a radiomics signature based on multiphase MRI exhibited strong
calibration and clinical utility for grading solitary HCC. In their test set, the AUCs for various
models were as follows: ANN using arterial phase (ANN-AP) 0.889, logistic regression for
arterial phase (LR-AP) 0.777, ANN for hepatobiliary phase (ANN-HBP) 0.941, LR-HBP 0.819,
ANN combining AP and HBP 0.944, and LR combining AP and HBP 0.792.

Furthermore, SPIO-MRI studies have shown that the ratio of Kupffer cells in tumor tissue
relative to surrounding liver parenchyma declines with decreasing tumor differentiation,
indicating reduced SPIO uptake in poorly differentiated HCC [12,13]. A noteworthy advantage
of contrast-enhanced ultrasound is its capacity for real-time, continuous dynamic observation
of lesion perfusion and vascularity. This feature minimizes the risk of missing key
enhancement patterns due to suboptimal timing during MRI acquisition. Furthermore, CEUS
remains effective even in patients with impaired liver function (e.g., low Child-Pugh scores),
and its diagnostic accuracy is less influenced by hepatic or renal dysfunction, making it a
valuable tool in clinical practice."
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Author Response 6: Thank you very much for your thoughtful suggestion. We recognize the
potential influence of extreme AFP values on statistical analysis and have addressed this issue
through the following two approaches:

1. Data Review and Proportion of Outliers
Upon reviewing the original dataset, we identified 16 patients with high AFP levels (>10,000
ng/mL), distributed as follows: 9 cases between 10,000-30,000 ng/mL, 3 cases between 30,001-
50,000 ng/mL, and 4 cases between 50,001-60,500 ng/mL. These accounted for 6.7% (16/239)
of our study population. To further verify the representativeness of these findings, we
expanded our review to include 331 patients diagnosed with hepatocellular carcinoma (HCC)
in our institution. Among them, 24 cases had AFP levels >10,000 ng/mL, representing 7.3% of
the total. These findings suggest that while extremely high AFP values are relatively
uncommon, they are clinically relevant and should not be excluded, as doing so could
introduce bias and compromise the objectivity of the results.

2. Outlier Handling Through Categorization
To reduce the potential influence of extreme values on statistical modeling, we converted AFP
from a continuous to a categorical variable, using a clinically relevant cut-off value of 7 ng/mL
to distinguish between elevated and non-elevated levels. This approach allowed us to mitigate
the skewing effect of extreme values while preserving the variable's diagnostic utility. The
results of this categorical analysis are presented in Table 1, and they demonstrate that AFP
remains significantly associated with HCC differentiation.
These steps were taken to ensure the robustness and reliability of our findings, and a brief

discussion has been included in the revised manuscript to clarify this point.

Editorial Office's comments. Authors must revise the manuscript according to the Editorial



Office's comments and suggestions, which are provided below:

(1) Science Editor:

1 Scientific quality: The authors submitted a retrospective cohort study of Sonazoid-contrast-
enhanced ultrasound for the histological diagnosis of hepatocellular carcinoma. The topic is
within the scope of the journal.

(1) Classification: Grade C;

(2) Summary of the Peer-Review Report: The study needs to further clarify its innovative
aspects. Authors should carefully verify the data to ensure the accuracy and reliability of the
research results. Authors should consider revising the figures to improve readability. The
manuscript requires more in-depth discussion.

(3) Manuscript Type: After verification, the manuscript type is "Retrospective Cohort Study".
Author Response 1: Thank you very much for your valuable comments. We sincerely
appreciate the reviewers' careful reading of our manuscript and their constructive feedback.
These suggestions have been instrumental in enhancing the quality of our work. We have
thoroughly reviewed the relevant literature, carefully re-examined our data, and revised the

manuscript point by point as recommended.

2 Specific comments

(1) Country/Territory of origin: China.

(2) The language classification is Grade B. Please provide the latest language certificate after
Return the Manuscript to the Author for Revision. Please visit the following website for the
professional ~ English  language  editing companies that we  recommend:
https:/ /www.wjgnet.com/bpg/ gerinfo/240.

Author Response 2: We appreciate your attention to the linguistic aspects of our manuscript.
We fully recognize that clear and concise communication is essential in scientific writing. In
response, we have carefully revised the language throughout the manuscript, with particular
attention to sentence structure, vocabulary, and overall tone. We believe these revisions have
significantly improved the clarity and readability of the paper. Furthermore, we engaged a

professional editing service to refine the manuscript further and have included the latest

language editing certificate as supporting documentation.

(3) Author list.

Author names (unabbreviated) should be given as first name, middle name initial (with no
period), and family (sur)name, and typed in bold with the first letter of each capitalized.

A hyphen should be included between the syllables of Chinese names. For example: Yi-Fan
Chang, Jia-Jing Li, Tao Liu, Chong-Qing Wei, Li-Wei Ma, Vladimir N Nikolenko, Wei-Long
Chang.

Author Response 3: Thank you very much for your comments. We have made the necessary

revisions as requested. A few representative examples are provided below:

“Ruo-bing Liu, Jun-yi Xin,Zhe Huang,Kai-yan Li



Ruo-bing Liu,Zhe Huang, Department of Medical Ultrasound, Tongji Hospital of Tongji
Medical College, University of Science and Technology, Wuhan 430030, Hubei Province, China
Jun-yi Xin, Department of Medical Ultrasound, Wuhan Children's Hospital of Tongji Medical
College, University of Science and Technology, Wuhan 430030, Hubei Province, China

Corresponding author:Kai-yan Li, PhD, Chief Doctor, Professor,Department of Medical
Ultrasound, Tongji Hospital of Tongji Medical College, University of Science and Technology,
No.1095 Jiefang Avenue, Wuhan, 430030, Hubei Province, China, liky20006@126.com”

Author Response 4: Thank you very much for your comment. Following your suggestion, we
have revised the list of keywords to reflect the main content of the study better. The updated
keywords are as follows:

“Keywords: Contrast-enhanced ultrasound; Hepatocellular carcinoma; Quantitative

parameters; Kupffer phase; Pathological differentiation”

Author response 5: Thank you very much for your comment. As requested, we have added a

"Core Tip" to the manuscript. The revised section is as follows:

Core Tip:

This study used quantitative parameters and imaging characteristics from Sonazoid-enhanced
contrast ultrasound (CEUS) using perfluorobutane microspheres to evaluate the histological
differentiation of hepatocellular carcinoma (HCC). Both univariate and multivariate analyses
indicated that Kupffer phase parameters, particularly the intensity ratio (IR), outperformed
conventional clinical markers. IR proved to be a valuable, non-invasive predictor of tumor
differentiation, supporting more informed preoperative decision-making in HCC management.
It is simple to calculate, relatively unaffected by variations in hepatic perfusion or fibrosis, and
well-suited for routine clinical application. Receiver operating characteristic (ROC) analysis

identified an optimal cut-off value of 1.215 for IR.



Author Response 6: Thank you very much for your comment. We agree that providing an
audio version of the Core Tip is an innovative and effective way to help readers quickly grasp
the article's key points. In response, we have recorded the audio as requested and have

submitted it along with the revised manuscript.

Author Response 7: Thank you very much for your comment. We have carefully reviewed the
manuscript and corrected all reference formatting issues to ensure consistency with the
journal's guidelines. Specifically, we have placed reference numbers immediately after the

author names as required. A few examples are provided below.

INTRODUCTION

Liver cancer remains one of the most prevalent and fatal malignancies globally [1]. In China, it
is the fifth most common cancer, with approximately 410,000 new cases and 390,000 cancer-
related deaths reported in 2020, posing a significant healthcare burden. Hepatocellular
carcinoma (HCC) accounts for nearly 85% of these cases [2]. Numerous studies have
demonstrated that the histological grade of HCC is strongly associated with its biological
aggressiveness and clinical outcome. Poorly differentiated HCC is more likely to exhibit
microvascular invasion and is associated with a dismal prognosis, including a 5-year
recurrence rate of up to 75% and a post-transplant recurrence rate of 8%-20% [3, 4]. Koichi
Oishi et al.[5] concluded that liver transplantation is not advisable for patients with poorly
differentiated tumors exceeding 3 cm in size. Even for small lesions treated with microwave
ablation, highly differentiated tumors have more favorable outcomes than their poorly
differentiated counterparts. A study by Xinyu Li et al.[6] Involving a 10-year follow-up of 134
liver transplant recipients, the study identified poor tumor differentiation as an independent
risk factor for reduced long-term survival. The EASL Clinical Practice Guidelines state that the
presence of < 3 tumors with the largest tumor measuring <5 c¢cm, accompanied by vascular

invasion and/or poor differentiation, indicates a high risk of recurrence[7]. Therefore, accurate


https://pubmed.ncbi.nlm.nih.gov/?term=Oishi+K&cauthor_id=17326126
https://pubmed.ncbi.nlm.nih.gov/?term=Oishi+K&cauthor_id=17326126
https://pubmed.ncbi.nlm.nih.gov/?term=Li+X&cauthor_id=30259149

preoperative imaging-based assessment of HCC histological grade is crucial for guiding

treatment decisions, evaluating prognosis, and optimizing postoperative management.

Author Response 8: Thank you very much for your comment. We have thoroughly reviewed
and updated the reference list as requested. PMID numbers have been added for all applicable
references, and all author names are now listed in full. For references without a PMID or DO,
we have provided the corresponding source website addresses. Moreover, as recommended,
we have used the "Edit References by Auto-Analyser" tool to ensure the accuracy and proper
formatting of all references in the manuscript.
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Author Response 9: Thank you very much for your comments. In response, we have revised
the figure legends to ensure uniform presentation across figures with similar content, following
the format suggested (e.g., "Figure X: Title. A: ...; B: ...; C: ..."). Abbreviations have been
defined upon their first appearance in each figure legend, and we have avoided the use of non-
standard abbreviations unless they appear at least twice in the main text before being
introduced in the legend.

As requested, we have also prepared and arranged the figures using PowerPoint to ensure that
all graphical elements, annotations, and text remain editable for the editorial team. The original
figure documents have been uploaded to the "Image File" section in the F6Publishing system.
A revised example is provided below:

Figure 2. US figures of a case of poorly differentiated HCC.The figure presents the case of a 50-
year-old male patient without chronic hepatitis B, in whom a liver mass was revealed as poorly
differentiated HCC with vascular invasion, and a Ki-67 expression of about 50%. A: An ultrasound
image showing a mass approximately 3.1 cm in diameter located in the right lobe of the liver. B:
Ultrasound image showed abundant short linear blood flow signals in the lesion. C D E F: Sonazoid-
CEUS images showing a rapid enhancement of the mass in AP and early washout in the following three

phases.

HCC:hepatocellular carcinoma; CEUS:enhanced contrast ultrasound



Author Response 10: Thank you very much for your comment. Following the journal's
guidelines, we have modified the figure annotations by changing all red and green arrows to
white to ensure clarity and accessibility for all readers.

For example:

Figure 2. Ultrasound images of a case of poorly differentiated hepatocellular carcinoma (HCC).

Before:

After:
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Author response 11: Thank you very much for your comment. In response, as requested, we

have revised all table titles to appear in bold font. Furthermore, all tables have been reformatted

to follow the standard three-line style, displaying only the top, bottom, and column header

lines. We have ensured that all table content is properly aligned, with no carriage returns,

spaces, or vertical lines used to replace proper formatting. Cell contents have also been

standardized to conform to the journal's editing specifications.

Some examples of the revised Tables are as follows;

Table 1. The results table

Variable Univariate analysis Multivariate analysis
Well- Poor- P OR 95%Cl P
differentiatio  differentiatio
n(n=137) n(n=102)

Clinicopathologic features

Males,n(%) 126(92.0) 86(84.3) 0.064
Age,meanzSD,y 56+11 54412 0.138
HBsAg-positive,n(%) 113(82.5) 87(85.3) 0.447
AFP>7ng/mL,n(%) 67(48.9) 81(79.4) 0.000 2.799 1.334,5. 0.006
871
Ki-67expression level,n(%) 73(53.3) 83(81.4) 0.000
Vascular invasion,n(%) 34(24.8) 48(47.1) 0.001
US features
Tumor size(cm) 4.3%2.5 5.4%2.9 0.003 1.055 0.931,1. 0.397
196
Cirrhosis,n(%) 84(59.2) 58(40.8) 0.488
AP(hyper,iso,hypo- 134,3,0 98,3,1 0.474
enhancement)
PVP(hyper,iso,hypo- 10,84.43 6,69,27 0.599
enhancement)
DP(hyper,iso,hypo- 1,16,120 0,11,91 0.669
enhancement)
KP(hyper,iso,hypo- 1,2,134 0,2,100 0.660
enhancement)
DCE-US
Arterial phase(a.u.)
OT(s) 15.0£3.0 15.2+3.8 0.660
PT(s) 249454 24.716.6 0.835
RT(s) 9.9+3.6 9.514.3 0.424
PIAV(s) 34.245.8 33.0+6.7 0.151
Kuffer phase(a.u.)
EIAV(dB) 52.445.3 54.1+5.3 0.015 0.945 0.869,1. 0.183



027

ID(dB) 6.914.3 12.2+4.8 0.000 1.048 0.862,1. 0.636
273
IR 1.127+0.114  1.299+0.137 0.000 11088 121,101 0.001
7.308 163217
Table 2. Diagnostic performance of variables
Variable Cut-off value Sensitivity (%) Specificity (%) AUC
AFP(ng/mL) 97.69 57.4 83.6 0.739
Tumor size(cm) 4.65 53.9 70.8 0.610
EIAV(dB) 56.384 40.2 78.1 0.590
ID(dB) 9.184 80.4 74.5 0.815
IR 1.215 82.4 86.9 0.877

Author Response 12: Thank you very much for your comment. We agree that a clear and

concise statement of the study's purpose enhances the effectiveness of the Abstract section.

Following your suggestion, we have revised the AIM section to follow the required format. The

updated AIM is as follows:
AIM

To evaluate the histological differentiation of hepatocellular carcinoma (HCC) using imaging

features and quantitative parameters derived from Sonazoid-enhanced contrast ultrasound (CEUS).



