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Abstract

BACKGROUND

Hepatocellular carcinoma (HCC) is the most common primary liver tumour. It typically
arises in patients with advanced chronic liver disease, and exceptionally during

pregnancy.

CASE SUMMARY

We describe the case of a 46-year-old woman with HBeAg-negative chronic hepatitis B
infection (HBV), persistently low HBV DNA levels and normal aminotransferase, who
developed HCC in a non-cirrhotic liver during a pregnancy achieved through assisted
reproduction techniques. Antiviral therapy with Entecavir was initiated shortly before
conception due to a rise in HBV DNA levels and subsequently switched to Tenofovir
during pregnancy. Despite a spontaneous miscarriage, alpha-fetoprotein levels rose,
prompting magnetic resonance imaging that revealed a single hepatic nodule (18 mm).
The patient underwent hepatic resection, and histological analysis confirmed a
moderately differentiated HCC. Despite surgical resection, two early recurrences
occurred within 15 months. Tumour and adjacent non-tumour liver tissues were collected
intra-operatively, frozen, and processed for molecular analyses in order to assess total

HBV DNA, HBV covalently closed DNA (cccDNA) and HBV RNA.

CONCLUSION

HBV and immunological unbalance in pregnancy have a role on HCC onset, emphasizing

the need for surveillance in HBsAg-positive women.

Key Words: Hepatocellular carcinoma; Chronic hepatitis B; Pregnancy; Reproductive

techniques; Oestrogens; Case report.

Core Tip: Hepatocellular carcinoma (HCC) is rare during pregnancy and is associated

with adverse outcomes for both the mother and the foetus. We report the case of a 46-




year-old woman with HBeAg-negative chronic hepatitis B infection (HBV) who
developed recurrent HCC after a pregnancy achieved through medically assisted
reproduction. After surgical resection, immunofluorescence analysis of tumour samples
showed no expression of oestrogen receptors, while molecular analyses performed on
tumour and non-tumour tissues revealed high levels of total HBV DNA, HBV covalently
closed DNA (cccDNA) and HBV RNA, suggesting a virus-host interaction that may

account for the aggressive behaviour of the neoplasm.

E\ITRODUCTION

Hepatocellular carcinoma (HCC) is the most prevalent form of primary liver tumour,
ranking as the sixth most frequently diagnosed cancer and the third leading cause of
cancer-related death worldwide[1]. Viral hepatitis remains one of the main risk factors
for HCC, particularly chronic infections with hepatitis B virus (HBV)[2], which can
promote hepatocarcinogenesis through multiple mechanisms, even in the absence of
cirrhosis[3]. HCC during pregnancy is a rare condition[4], associated with a worse
outcome for both the mother and the foetus. Pregnancy represents a unique
immunological and hormonal state, and it also induces the expression of oncofoetal genes
- normally silenced in adult tissues - during the embryonic development, potentially
influencing tumour behaviour. Over the years, various therapeutic strategies for HCC
have been developed[5], with treatment selection depending on multiple factors,
including the extent of the disease and the underlying liver condition, which can
influence tolerance to therapies. Potential ﬂeatment options include surgical resection,
liver transplantation, locoregional therapies such as radiofrequency ablation and
transarterial chemoembolization (TACE), and systemic therapies including targeted
agents and immunotherapy[6]. Pregnancy significantly complicates therapeutic decision-
making, limiting the feasibility of several treatment modalities and influencing the choice
of intervention[7]. Although no specific treatment strategy is recommended for HCC
during pregnancy, surgical resection appears to be the most reasonable option based on

the available literature. Radiofrequency ablation may also represent a potential




alternative, although no cases have been reported to date. The therapeutic strategy in
pregnant patients is further determined by gestational age, particularly by foetal lung
maturation, which guides the decision between pregnancy termination and delivery
prior to initiating HCC treatment. Indeed, when HCC is diagnosed early in pregnancy,
termination may be considered, whereas diagnoses made later in gestation may allow for
treatment after induced delivery, preferably via vaginal labour[7].

Current literature data show that chronic HBV infection appears associated with an
increased risk of infertility, leading a growing number of patients to pursue assisted
reproduction techniques (ART) to achieve pregnancy[8]. However, the impact of ART on
liver disease progression and HCC onset remains unclear[9].

Here, we present a rare manifestation of HCC diagnosed in a patient with HBeAg-

negative chronic HBV following a pregnancy achieved through ART.

CASE PRESENTATION

Chief complaints

A 46-year-old Caucasian woman with HBe Ag-negative chronic hepatitis B infection and
no clinical signs of liver disease was referred to the Liver Unit of the University Hospital
of Messina for specialist consultation after serum testing revealed persistently elevated

alpha-fetoprotein (AFP) levels following miscarriage.

History of present illness

The patient, presenting a long-term chronic HBV infection, previously classified as
“inactive carrier” because of persistently low HBV DNA levels and consistently normal
aminotransferase values, developed a highly aggressive HCC in a non-cirrhotic liver

during a pregnancy induced by ART, after twelve months of hormonal stimulation.

History of past illness
Patient personal history began at age 26, when HBV infection was diagnosed during

routine screening, in the absence of any signs of liver disease as indicated in Figure 1. In




2013, she underwent abdominal surgery for the removal of an ovarian cyst and was
diagnosed with polycystic ovarian syndrome; in 2021, she underwent myomectomy. The
patient had been followed for her chronic liver disease at another centre from 2003 to 2023
and underwent regular blood tests and imaging studies. During follow-up, HBV DNA
levels consistently remained below 2000 IU/mL and aminotransferase values were
within the upper normal limit (UNL). The last elastography was performed in September
2022 and showed liver stiffness values of 3.3 kPa. Between 2013 and 2022, the only
treatment she had received was hormonal therapy with Dienogest 2 mg, prescribed for
polycystic ovarian syndrome.

In October 2022, she began a new hormonal regimen - Micronized progesterone 800
mg/day, Estradiol valerate 2 mg/day, Triptorelina 3.75 mg and Prednisone 5 mg/day -
in preparation for pregnancy. Routine tests performed during medically assisted
reproduction procedures included AFP, which showed a value of 16.9 ng/mL (normal
range 0 - 4 ng/mL). Despite the low-dose of corticosteroids used ( < 10 mg/day)[8], in
April 2023 there was a rise in HBV DNA levels (63488 IU/mL) which led to start antiviral
therapy with Entecavir 0.5 mg/ day. In July 2023, Entecavir was replaced with Tenofovir
245 mg/day as the patient became pregnant after ART. In September 2023, she
experienced a spontaneous miscarriage and subsequently underwent uterine curettage
(Figure 1).

In November 2023 routine blood tests performed in preparation for a new pregnancy
revealed rising levels of AFP ( > 1000 ng/mL) (Figure 2). As a result, the patient
underwent abdominal magnetic resonance imaging (MRI), which showed no focal liver
lesions, and a PET scan, which was also negative. The increase in AFP levels persisted at
the next follow-up in January 2024, showing a value of 1960 ng/mL, with
aminotransferase levels within the normal range and undetectable HBYV DNA. In

February 2024 the patient was referred to our Liver Unit for a second opinion.

Personal and family history




The patient had a family history of HBsAg positivity (maternal grandmother, maternal
aunt, mother, and two brothers). None of the family members developed advanced

chronic liver disease.

Physical examination
On physical examination the patient showed no signs of advanced chronic liver disease,

had normal vital parameters, and reported no symptoms.

Laboratory examinations

The patient underwent laboratory testing to assess AFP levels and calculate the PAGE-B
score. Laboratory analysis showed a progressive increase in AFP levels (2908 ng/mL),
while the PAGE-B score indicated a low risk of HCC development (age 46 years, female
sex, platelet count 295000/ mm?). Additional laboratory tests were performed, including
quantification of HBV DNA and HBsAg, which revealed values of < 10 IU/mL and 2070

IU/mL, respectively.

Imaging examinations
On 9t February 2024 abdominal MRI was performed: Imaging revealed an HCC nodule
(LI-RADS 5) in segment IV, measuring 18 mm in diameter, along with a second smaller

nodule of 9 mm in segment II (LI-RADS 2) (Figure 3).

MULTIDISCIPLINARY EXPERT CONSULTATION

The case was subsequently discussed at the regional tumour board. In line with
international guidelines[10], the multidisciplinary team evaluated the patient as having
n early stage HCC according to the Barcelona Clinic Liver Cancer (BCLC) classification
- a single nodule < 20 mm in diameter, without extra-hepatic localization of disease
and/or portal vein invasion, without signs of portal hypertension and associated with a
good performance status - and recommended hepatic resection as the most appropriate

therapeutic approach.




FINAL DIAGNOSIS
Early stage HCC.

TREATMENT
On March 2024, the patient underwent surgical treatment with hepatectomy, and
histological analysis confirmed a differentiated HCC (pTla/G2/V1/R0/NO, Figure 1).

Immunofluorescence and Molecular analysis

Immunofluorescence analysis revealed the absence of Oestrogen Receptors (ER) in
tumour samples. To further investigate the virological profile of the patient and to
explore the molecular characteristics of HBV persistence within the liver, frozen tissue
specimens were obtained from both the tumour and the adjacent non-tumour areas. Each
sample was divided into two parts, from which total DNA and RNA were extracted as
previously described[11]. Quantification of total HBV DNA and HBV covalently closed
circular DNA (cccDNA) was performed as previously reported with minor
modifications[11]. Briefly, the total intrahepatic HBV DNA or HBV cccDNA were
determined using a Rotor-Gene Q (Qiagen) in a 20 pL reaction volume containing 1 pg
DNA, 3 mmol/L MgCl2, U.5 pmol/L, specific forward and reverse primers, and 0.75
pmol/L 5’-FAM-labelled and 3’-TMR-labelled TagMan probe (Table 1). Serial dilutions
of a plasmid containing a monomeric HBV insert (Alfa Wasserman) were used as
quantification standards. Amplification of total intrahepatic HBV DNA was performed
under the following conditions: 94 °C for 3 min, followed by 60 cycles of 94 °C for 45 s,
58 °C for 40 s, and 72 °C for 40 s. Before Quantitative Reverse Transcription Polymerase
Chain Reaction (QRT-PCR) of HBV cccDNA, aliquots of the liver DNA extracts were
treated for 2 h at 37 °C with 10 U of plasmid-safe DNase (Epicentre, Madison, WI).
Amplification of HBV cccDNA was then performed as follows: 94 °C for 3 min, 60 cycles
of 94 °C for 45 s, 60 °C for 40 s, and 72 °C for 30 s. To normalize the number of viral

genomes per liver sample, haploid genome equivalents were quantified using a p-globin




gene kit (Light Cycler-Control Kit DNA; Roche Diagnostics). For HBV RNA analysis, 2
pg of DNase-treated RNA was reverse-transcribed and amplified using the SuperScript
First- Strand Synthesis System for qRT-PCR (Invitrogen). Two pL of cDNA were
quantified by qRT-PCR on the Rotor-Gene Q (Qiagen) using the same primers and probe
designed to quantify total HBV DNA (Table 1), nder the following conditions: 94 °C for
3 min, followed by 55 cycles of 94 °C for 40 s, 60 °C for 30 s. Molecular analyses revealed
that total HBV DNA concentration levels in the tumour tissue were 4.04 x 1072
copies/cell, HBV cccDNA concentration values were 8.81 x 10™* copies/cell, while HBV
RNA were 1.14 x 1072 copies/cell. The corresponding concentration levels in the non-
tumour tissue were 3.48 copies/cell for total HBV DNA, 5.36 x 10~* copies/ cell for HBV
cccDNA, 90 copies/cell for total HBV RNA. Collectively, molecular analyses highlighted
high concentration levels of HBV DNA, HBV cccDNA and RNA in both tumour and non-

tumour tissues.

OUTCOME AND FOLLOW-UP

Subsequently, AFP levels were monitored monthly - 107 ng/mL in April 2024, 120
ng/mL in May, and 1353 ng/mL in June - while HBsAg and HBV DNA levels measured
in April 2024 were 2140 IU/mL and < 10 IU/mL, respectively (Figure 2).

In June 2024, a new abdominal CT revealed HCC recurrence with a nodule of 17 mm
in segment IVb. Considering the performance status of the patient and the stage of liver
disease according to BCLC classification (early-stage HCC), in July 2024, the patient
underwent a second hepatic resection for early HCC recurrence (Figure 1).

Over the following year, the patient was monitored using AFP measurements every
two months (Figure 2) and abdominal magnetic resonance imaging every three months,
with no evidence of HCC recurrence. However, in May 2025, a subcapsular nodule in
segment V of 14 mm in diameter was detected, with AFP levels exceeding 5000 ng/mL.
Due to disease recurrence and the progressive increase in AFP, the case has been
discussed in the multidisciplinary tumour board, with the indication of starting systemic

therapy as a bridge therapy for orthotopic liver transplant. Thus, systemic treatment with




Atezolizumab plus Bevacizumab was initiated in July 2025. Clinical history of the patient

is represented in Figure 1.

DISCUSSION

This case is particularly remarkable as it represents an extremely rare presentation of
HCC, as it is the first reported instance of HCC arising during a pregnancy induced
through ART. Indeed, although HCC is the most common primary liver malignancy
worldwide[10,12], its incidence is higher in males than in females[7], and typically related
to advanced chronic liver disease, occurring rarely in non-cirrhotic livers, and
exceptionally during pregnancy. To date, only 63 cases of HCC arising during pregnancy
have been described in the literature[13]. In such cases, the prognosis was generally poor
for both mother and foetus, with maternal survival rates around 23% and fatal loss
reported in 42% of cases|14,15]. The molecular mechanisms underlying this phenomenon
are not yet fully understood, but it can be hypothesized that the state of immunotolerance
characteristic of pregnancy may contribute to tumour immune escape, thereby promoting
tumour development[16]. Furthermore, in our patient, the long-term corticosteroid use
administered alongside hormonal therapy, may have further enhanced
immunosuppression, potentially influencing tumour development. The timing of
diagnosis - occurring within six months of a pregnancy achieved through ART - together
with the aggressive behaviour of the neoplasm, characterized by early recurrence,
supports the hypothesis that pregnancy itself may have acted as an oncogenic trigger for
HCC development in this patient. Interesting consideration could be made on
immunofluorescence analysis results, which revealed the absence of ER expression in
tumour tissue. HCC is known to exhibit sexual dimorphism modulated by hormonal
factors, with oestrogens suppressing tumorigenesis and androgens promoting it[17].
Oestrogens exert regulatory effects on inflammatory responses, oxidative-stress-induced
reactive oxygen species production and nuclear factor-«xB activity[18]. Previous studies
have reported reduced or absent ER expression in HCC cells, a finding confirmed by our

analyses. It can be hypothesized that the lack of ER may be linked to the loss of the




protective effects normally mediated by these hormones, contributing to a more
aggressive course of HCC[19]. The correlation between hormonal activity and
tumorigenesis is further supported by evidence related to epigenetic modifications in
HCC. In particular, the increased expression of microRNA-22 (miR-22), a small non-
coding RNA highly expressed in HCC, suppresses ER expression, thereby attenuating
the protective effects of oestrogens and promoting interleukin-la expression, ultimately
facilitating tumorigenesis[20]. Moreover, emerging evidence supports the involvement
of ERs in downregulation of HBV RNA transcription, influencing the natural history of
HBYV infection and the development of HBV-associated HCC. Taken together, these
findings underscore the complex interplay between hormonal signalling, inflammation,
viral replication, and tumour risk in patients with chronic HBV infection[21].

Literature data about the impact of medically assisted reproduction techniques on
hormone-sensitive neoplasm risk, different from HCC, are limited. Current evidence is
conflicting, due to a lack of standardization in medical regimens applied, and a limited
number of studies most of which are observational, elements that don’t allow univocal
conclusions[22]. Nowadays, no clinical studies have explored the role of ART in HCC
development, about which controlled clinical trials are warranted.

In parallel with the lack of oestrogen protective activity and the potential oncogenic
role of pregnancy, another element to consider when analysing patient’s HCC risk factors
is long-standing chronic HBV infection. Molecular analysis on tumour and non-tumour
specimens revealed that high total HBV DNA, HBV cccDNA and HBV RNA levels were
present in both tumour and non-tumour tissues. This molecular profile suggests an
ongoing and dynamic virus-host interaction that may contribute to hepatocarcinogenesis
through both direct genomic alterations and indirect modulation of cellular pathways
involved in liver tumour development. In particular, HBV cccDNA is a well-recognized
driver of hepatocarcinogenesis, as it sustains viral replication within hepatocytes,
promotes viral protein synthesis, and facilitates HBV DNA integration into the host
genome. Moreover, cccDNA regulates both viral and host gene expression through

epigenetics mechanisms and contributes to liver inflammation, thereby fostering the




development of a pro-carcinogenic microenvironment[23]. Molecular analyses revealed
the persistence of transcriptionally active HBV forms, which could be associated - in our
patients - to viral genome integration[24]. HBV is a well-known etiological factor for
HCC, accounting for 50 - 80% of HCC cases, due to the development of epigenetic
modifications in the host genome, the activation of oncogenic pathways, and the
inflammatory microenvironment[25]. Moreover, HBV DNA integration into the host
genome — although not required for replication— occursin 90% of neoplastic hepatocytes
and may contribute to clonal hepatocyte replication, oncogene activation, and
inactivation of tumour suppressor genes[3]. However, a limitation of the present study is
the lack of molecular analyses of HBV integration sites, which could have further clarified
the viral oncogenic mechanisms and strengthened our hypothesis.

It can be hypothesized that loss of oestrogen activity and the long-term chronic HBV
infection, together with the immunological environment characteristic of a pregnancy
obtained through ART, may have driven the emergence of a particularly aggressive HCC

phenotype, necessitating repeated therapeutic interventions within a short time frame.

CONCLUSION

This case highlights a unique and highly aggressive presentation of HCC in a non-
cirrhotic liver, diagnosed shortly after a pregnancy induced through ART. The rarity of
HCC during pregnancy, combined with its poor prognosis and early recurrence,
underscores the need for heightened clinical awareness in women of reproductive age
with chronic hepatitis B infection. Importantly, this case emphasizes the critical role of
active surveillance, not only during pregnancy but also in the preparatory phase. Early
detection through AFP screening and imaging, coupled with multidisciplinary
management, can significantly impact maternal and foetal outcomes. Further research is
warranted to better understand the interplay between viral persistence, hormonal
modulation, and immune tolerance in the pathogenesis of HCC, and to refine
personalized surveillance strategies for atrisk women undergoing fertility

treatments. Larger prospective cohorts’ studies with standardized treatment protocols




are needed to better evaluate the long-term impact of ART on liver disease progression

and to assess its safety in patients at higher risk of liver-related events.
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