Dear Reviewers and Editor,

Thank you for the opportunity to revise our manuscript and for the time dedicated to its

evaluation. We have carefully considered your comments and implemented the requested

revisions, as detailed below. All the changes performed during the revision have been

highlighted in yellow as indicated by your e-mail instructions.

First Reviewer

First comment: The introduction sets the stage well for the case study, but the current
treatment approaches for HCC in pregnant women are not fully discussed.

Answer: In accordance with your suggestion, we have expanded the Introduction to
more thoroughly discuss the therapeutic options available for pregnant patients with
HCC. In particular, we emphasized the pivotal role of gestational age in guiding
treatment strategy selection and reviewed the currently available treatment

modalities for this malignancy, based on the existing literature.

Second comment: Since this is an uncommon case, a deeper dive into the potential
impact of ART on liver diseases and its role in HCC could be explored further.

Answer: The impact of ART on liver disease has been only partially explored.
Available clinical data on liver outcomes after ART are mainly derived from
retrospective analyses, characterized by heterogeneous therapeutic regimens and a
limited spectrum of liver disease aetiologies (mostly viral or autoimmune diseases).
Larger prospective cohorts with standardized treatment protocols are needed to
better evaluate the long-term impact of ART on liver disease and to assess its safety
in patients at higher risk of liver-related events. A brief comment has been added to

the Introduction section about ART in chronic liver disease.

Third comment: You may want to reference studies about HCC in non-cirrhotic
livers, as this is key to your case.

Answer: A new reference has been added as suggested (reference number 3).

Fourth comment: Chief Complaints & History of Present Illness: The history of the

patient's condition and treatments is well-detailed. However, the connection



between the ART and the aggressive behaviour of HCC could be made more explicit
in this section.

Answer: A brief reference to ART was added to the History of Present Illness in the
Case Description section. At present, limited data are available regarding the natural
history of HCC in patients undergoing ART, which prevents drawing definitive

conclusions.

Fifth comment: The information is thorough, but there could be more emphasis on
how the patient’s underlying condition might have contributed to her susceptibility
to HCC.

Answer: Emphasis has been added to the long-term duration of HBV infection as an

element involved in HCC susceptibility.

Sixth comment: Additionally, the figures and tables are informative, but they need
to be referenced more clearly within the text. For example, when mentioning the
clinical timeline in Figure 3, explicitly point to how the data correlate with the
progression of the disease.

Answer: The order of the figures has been modified, and new references to the

Timeline has been added to the main text.

Seventh comment: While the description of molecular analysis is highly technical
and informative, it could benefit from a brief interpretation of what these findings
mean in the broader context of HBV-related hepatocarcinogenesis.

Answer: A brief comment on the results of the molecular analysis has been added to
the Molecular Analysis section. In addition, a discussion of the role of cccDNA in
hepatocarcinogenesis has been incorporated into the Discussion section to further

enhance these results.

Eighth comment: The discussion of immunological factors and oestrogen receptor
expression is compelling. However, I recommend exploring how hormonal changes

during ART specifically may have influenced tumour progression. Additionally, a



deeper analysis of how ART protocols may impact the immune response would
strengthen this section.

Answer: To date, no randomized clinical trials have evaluated tumour risk in relation
to ART. Available literature has mainly focused on gynaecological malignancies,
particularly ovarian cancer, following ART, with results remaining inconclusive and
potentially affected by selection bias. In the present case, it can only be hypothesized
that immune function may have been influenced by long-term corticosteroid use in

association with hormonal therapy, as discussed in the Discussion section.

Nineth comment: Estrogen Receptors: The lack of estrogen receptor expression in
the tumor is an interesting finding. Discussing potential mechanisms behind this
could add valuable depth. Perhaps cite recent studies on how estrogen signaling and
HBYV Integration may influence HCC growth.

Answer: A section about viral RNA transcription, inflammation and Oestrogen
Receptor activity has been added to the Discussion section, also underscoring

epigenetic modifications in HCC.

Tenth comment: The conclusion summarizes the case well. To make it more
impactful, it could emphasize the need for more comprehensive studies on ART's
role in the development of liver tumors and the importance of tailored surveillance
strategies in pregnant women with chronic HBV.

Answer: The Conclusion section has been modified as requested.

Minor Suggestions:

Consistency in the use of terms has been verified as requested.
Abbreviated terms have been explicated with full form at first occurrence.
In molecular analysis section the term “concentration” has been added together with

the unit of measurement (copies/ cell) to avoid ambiguity.



Reviewer comment: This case report presents a rare and clinically significant scenario of a
46-year-old non-cirrhotic woman with chronic HBV infection who developed aggressive
HCC following Assisted Reproductive Technology (ART) and pregnancy. The inclusion of
molecular analysis (HBV DNA, cccDNA, and HBV RNA in tumor vs. non-tumor tissues)
adds valuable scientific depth to the clinical description. However, the manuscript requires
revisions to strengthen the causal links discussed.

1. Interpretation of Molecular Analysis Critique: The authors found high levels of
HBV cccDNA and RNA in both tumor and non-tumor tissues. Suggestion: While this
proves active infection, how does this specifically relate to the ART/Pregnancy
hypothesis? The authors should discuss whether the high viral load in the non-tumor
tissue implies a field defect caused by the recent viral flare (April 2023).
Furthermore, please clarify if the "non-tumor tissue" was from the resection margin.
If so, the high viral activity there might explain the rapid recurrence (within 3
months).

Reply: Dear reviewer, thank you for your comments. According to literature data,
HBV replication is strongly influenced by the host immune response. In this specific
case, we can hypothesize that long-term steroid administration during hormone
therapy may have contributed to increased HBV replication, leading to the viral flare
observed in April 2023 and the subsequent initiation of antiviral therapy. It is well
known that antivirals agents suppress circulating HBV DNA levels, without directly
affecting intrahepatic HBV replication, which is reflected by the persistence of
cccDNA levels detected in the liver specimen obtained during hepatectomy in our
patient.

Our patient was exposed to two potential immune-modulating triggers: prolonged
steroid therapy lasting twelve months and, subsequently, pregnancy. Data on the
effect of pregnancy on HBV replication are limited; however, it has been suggested
that elevated levels of adrenal corticosteroids during pregnancy may increase HBV
viremia through immunosuppressive mechanisms.

Regarding the definition of “non-tumour tissue”, this sample was not obtained from
the resection margin. We can therefore hypothesize that HCC recurrence was mostly
driven by HBV-related oncogenic activity following the immunological changes

described above.



Changes in the main text have been performed at Page 10 line 242, to clarify that
“non-tumour tissues” was not obtained from the resection margin.

New sentences have been added in the Discussion Section, at pages 13 - 14, lines 353
- 356: “HBV replication is strongly influenced by the host immune status; therefore,
prolonged corticosteroids exposure during ART and the endogenous
hypercortisolism of pregnancy may have enhanced viral replication[24, 25].
Although antiviral therapy effectively suppresses circulating HBV DNA levels, it
does not eradicate intrahepatic viral replication, as reflected by persistent cccDNA.
This ongoing virus-host interaction may promote hepatocarcinogenesis through
genomic integration, epigenetic modulation, and chronic inflammation.” with the
corresponding references (24, 25). We have also modified sentences at pages 14 - 15,
lines 381 - 386: “Taken together, loss of oestogen-mediated protection, chronic HBV
infection, prolonged steroid exposure during ART and the immunological
environment of pregnancy, may have synergistically contributed to the emergence

of a particularly aggressive HCC phenotype in this patient.”

. Estrogen Receptor (ER) Discussion Critique: The tumor was ER-negative. The
authors argue this suggests a "loss of protective effect." Suggestion: This logic needs
refinement. If the tumor is ER-negative, it implies the tumor cells were not
responding to the high estrogen levels of pregnancy/ART. Thus, the rapid growth
might be independent of direct estragon stimulation, or driven by other pathways
(e.g., androgen receptor, immune tolerance). Please cite literature specifically
regarding ER status in HBV-related HCC to support why ER-negativity leads to
aggressiveness in this specific context.

Reply: dear reviewer, thank for your valuable comments. As described in the
Discussion section, we hypothesized that long-term steroid use (as part of ART) and
pregnancy-related immunotolerance may have contributed to HCC development,
rather than oestrogens therapy itself.

The role of oestrogen on HCC development and natural history involves several
regulatory mechanisms. First, oestrogens may inhibit STAT3 through ERa activation,
thereby reducing the risk of HCC development and, when HCC occurs, favouring a

less aggressive disease course. Second, ERa activity influences hepatocarcinogenesis



through its interaction with Foxa2; this pathway is impaired in patients with Foxal/2
polymorphisms, who have a higher risk of HCC onset. Third, oestrogens modulate
immune system activity by inhibiting IL-6 release, which promotes apoptosis and
suppresses cell proliferation, vascular invasion, neo angiogenesis and metastatic
spread. In addition, oestrogens regulate macrophage polarization and NLRP3
inflammasome activation.
These mechanisms appear to be independent of HBV infection status. Indeed, while
literature data suggest that oestrogens can influence HBV replication through
inhibition of HBV enhancer I and transcription of the integrated viral genomes, active
viral replication is not required for HCC development. Hepatocarcinogenesis may
occur even in the absence of high-grade viremia, as a consequence of HBV DNA
integration in the host genome (Ruggieri A, Gagliardi MC, Anticoli S. Sex-Dependent
Outcome of Hepatitis B and C Viruses Infections: Synergy of Sex Hormones and
Immune Responses? Front Immunol. 2018 Oct 8;9:2302. doi:
10.3389/ fimmu.2018.02302. PMID: 30349537; PMCID: PMC6186821).
Changes in the main text, page 12, lines 303 - 206: “In our patient long-term corticosteroid
exposure associated with hormonal therapy, followed by the immunotolerant state
characteristic of pregnancy, may have contribute to tumour immune escape and disease
progression[16].” and pages 12 - 13, lines 318 - 328: “Oestrogens regulate inflammatory
responses, oxidative-stress, and nuclear factor-«B signalling[18], suppress interleukin-6 (IL-
6) release, modulate macrophage polarization, and inhibit NLRP3 inflammasome
activation[19]. Furthermore, oestrogen reduce HCC risk and favour a less aggressive disease
phenotype by inhibiting STAT3 signalling and interacting with Foxal. Previous studies
have demonstrated a reduced or absent ER expression in HCC cells, a finding confirmed in
our case, suggesting loss of hormonal protection and potential contribution to aggressive

tumour behaviour[20].”



