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Hepatocellular carcinoma (HCC) is the most common malignant neoplasm of the liver, with approximately 10%-20% of the
cases occurring in the non-cirrhotic liver. Hepatic adenomas (HA) are benign liver neoplasms, which arise predominantly in
the setting of excess hormone exposure. The vast majority of HA have been reported in reproductive age women with a history

of oral contraceptive pill therapy. In vitro fertilization (IVF) is a medical procedure in which the ovaries are stimulated by a

combination of fertility medications and then one or more oocytes are aspirated from ovarian follicles. We report the case of a
33-year-old woman who presented with HCC after two attempts of fertilization. The patient had no virus B or C previous history,
non-cirrhotic liver and was submitted to two human assisted reproductive procedures. No previous screening images had been

performed before the fertilization attempt. Conclusions: The high hormone exposure in the setting of fertilization might have

played a central role in the development of HCC. Furthermore, patients that are planning to perform fertilization are strongly
advised to screen for HA in order to avoid malignant transformation to HCC.
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1. INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common malig-
nant neoplasm of the liver and accounts for the third leading
cause of cancer-related death worldwide.!'! Almost 80 per-
cent of HCC cases are due to underlying chronic hepatitis
B (HBV) and C (HCV) virus infection, especially in the
setting of liver cirrhosis./?! Other important risk factors for
HCC are alcohol use and non-alcoholic steatohepatitis.?!
However, approximately 10%-20% of the cases occur in the
non-cirrhotic liver.[>#

Hepatic adenomas (HA) are benign liver neoplasms, which
arise predominantly in the setting of excess hormone expo-
sure, such as use of oral contraceptives, anabolic androgens,

and glycogen storage disease. The vast majority of hepatic
adenomas have been reported in reproductive age women
with a history of oral contraceptive pill therapy and an oth-
erwise normal appearing liver. The mechanism by which
estrogen therapy contributes to the development of hepatic
adenomas is poorly understood. Three small studies reported
the development of malignant transformation in 8 to 17 per-
cent of patients, suggesting that transformation into HCC is
not a rare occurrence.’!

In vitro fertilization (IVF) is a medical procedure in which
the ovaries are stimulated by a combination of fertility med-
ications and then one or more oocytes are aspirated from
ovarian follicles. These are fertilized in the laboratory and
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one or more embryos are transferred into the uterine cavity.
The most common ovarian stimulators are gonadotropin-
releasing (GnRH) agonists. When stimulation begins, human
menopausal gonadotropin (hMG) is administered in a dose
of 225 to 300 IU/day subcutaneously to stimulate follicular
growth, with the GnRH agonist being continued at a lower
dose to prevent a premature surge in luteinizing hormone
(LH) secretion. The hMG dose is subsequently adjusted
according to follicular growth (as determined by transvagi-
nal ultrasonography) and serum estradiol concentrations (an
indicator of granulosa cell proliferation).[!

We report the case of a young woman who presented with
HCC after two attempts of fertilization. The short time be-
tween the hormone exposure in fertilization procedures and
the development of hepatocellular carcinoma led us to the
hypothesis that hormone load might have played a key role
in the carcinogenesis of this tumor.

2. MATERIAL AND METHODS

A 33-year-old female was diagnosed with premature ovarian
failure. She had a history of hypothyroidism diagnosed one
year before and was attempting to become pregnant for four
years since she interrupted the use of oral contraceptives. In
April 2011, she sought treatment in a fertilization clinic.

The patient was submitted to two human assisted reproduc-
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tive procedures IVF without success. She received the fol-
lowing medications: In August 2011 she used 5 ampoules
of follicle stimulating hormone recombinant (FSHr) 450 TU
(total of 2,175 IU), Sampoules of cetrorelix acetate 0.25 mg
(total 1.25 mg) and 01 ampoule of recombinant chorionic
gonadotropin recombinant (CGr) 0.25 mg. In November
2013 she received 09 ampoules of growth hormone (GH)
4 UI (total of 36 IU); 17 ampoules of FSH urinary (FSHu)
75UI (total of 1,275 IU); 4 ampoules of FSHu and LH 75/75
IU (total 300 UI); 4 ampoules of FSHr 450 IU (total 1,500
IU) and 1 ampoule of CGr 0.25 mg.

3. RESULTS

Within an interval of 30 months after the initial attempt and
3 months after the second, the patient presented with acute
nausea and vomiting which led her to seek medical attention
at an emergency room. A computed tomography (CT) of
the abdomen showed an 11.8 cm x 10 cm liver mass. A
MRI of the abdomen showed an 11 cm encapsulated hepatic
mass in segment VI with washout in the late stages and with
foci of fat inside (see Figure 1). The mass compressed the
duodenal arcade, the uncinated process of the pancreas, the
right kidney and the inferior vena cava. Laboratory tests
revealed an elevated alpha-fetoprotein (AFP) of 2,200 ng/ml,
while serology for both HBV and HCV were negative.

Figure 1. Expansive liver formation showing enhancement in arterial phase (A) and washout in the late stages (B)
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She underwent liver trisegmentectomy and pathology of the
surgical specimen was consistent with hepatocellular carci-

noma measuring 17 cm with angiolymphatic invasion and
negative margins (see Figure 2). The immunohistochemistry
was consistent with well-differentiated hepatocellular carci-
noma (grade I) Hep-par weak positive; Collagen IV positive;
CKT7 positive; CD34 positive; AML positive and AE1/AE3
positive. New AFP levels after surgery was 256 ng/ml.

Figure 2. Product of hepatectomy showing a large hepatic
mass

One month later the patient presented an episode of abdomi-
nal pain due to the rupture of the left ovary. A left oophorec-

tomy was performed and the pathological examination was
consistent with malignancy in the ovary measuring 5.0 cm.
The immunohistochemistry showed a poorly differentiated
carcinoma compatible with hepatocellular carcinoma. At that
time, AFP was 121 ng/ml. Restaging image exams showed
multiple lung nodules and liver lesions.

Before starting systemic therapy, the patient had an episode
of generalized tonic-clonic seizure. She was admitted to the
emergency room. Brain MRI showed a solid expansive mass
in the cortico-subcortical right middle frontal gyrus with het-
erogeneous contrast uptake, measuring approximately 2.4 cm
x 2.1 cm x 2.4 cm. The lesion was surrounded by an area
of vasogenic edema. The patient underwent resection of the
single brain metastasis followed by fractionated stereotactic
radiotherapy to the surgical bed with a total dose of 25 G.

In June 2014, after the neurosurgery, she was started on
systemic treatment with sorafenib 400 mg BID. Response
assessment was performed after 2 months of therapy and
showed marked disease progression in liver and lungs. Sec-
ond line treatment with gemcitabine 1,000 mg/m? on D1 and
oxaliplatin 100 mg/m? on D2 every 2 weeks was introduced
and partial response superior to 90% was obtained after 12
cycles (see Figure 3). Last follow up AFP level (March 2015)
was 2.45 mg/dl.

Next generation sequencing (NGS) test (Foundation
Medicine, Cambridge, MA, USA) was performed and
showed PTEN loss as a therapeutic target and suggested
everolimus as a possible future treatment option.

Figure 3. Abdomen CT showing important reduction of hepatic lesions after 12 cycles of GEMOX
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4. DISCUSSION

The liver is intensely modulated by sex hormones. Long-term
use of oral contraceptives as well as exposure to endogenous
estrogen and anabolic androgenic steroids can induce both
benign and malignant tumors.!”! Differential expression of
estrogen receptor (ER) and androgen receptor (AR) has been
reported in both normal liver and HCC, suggesting a causal
relation between sex hormones and pathogenesis of HCC.!8!
Epidemiologic and animal studies have suggested that men
have a higher incidence of HCC than women which might
be explained by stimulatory effects of androgen and the pro-
tective effects of estrogen.[’!

Babu and coworkers had formerly demonstrated a direct re-
lationship between alpha fetoprotein (AFP) and the duration
of oral contraceptive use.!'” More recently, estrogen has
been proven to exert protective effects against HCC through
IL-6 restrictions, STAT?3 inactivation and tumor-associated
macrophage inhibition.!'!! Estrogen is involved in the regu-
lation of the inflammation network in HCC by restraining of
proinflammatory cytokines and inhibiting downstream sig-
naling pathways. However, there is still controversy about
the role of estrogen in HCC, since it has been also reported
that estrogen may promote hepatocytes proliferation.!'?l A
meta-analysis of observational epidemiological studies was
inconclusive to stablish a relation between oral contracep-
tives and the risk of hepatocellular carcinoma.['3! A recent
study with 799,500 women showed that there was no as-
sociation between oral contraceptives (OC) use and HCC
risk.[14]

HAs are essentially benign liver tumors that occur predomi-
nantly in young women taking oral contraceptives. Further-
more, intake of oral contraceptives could potentially play
a role in the enlargement of existing HAs. However, the
prevalence of malignancy within HAs is much more fre-
quent in men than in women and seems to be associated
with metabolic syndrom.!">! High-risk groups for malignant
transformation include patients with a history of androgen or
anabolic steroid intake, male gender and patients with glyco-
gen storage disease. A recent systematic literature review
showed that malignant transformation of HAs into HCCs is
a rare phenomenon with a frequency of 4.2%.[1¢]

The imaging modalities used for the diagnosis of HA include
abdominal ultrasound, CT and magnetic resonance imaging.
A percutaneous liver biopsy is controversial because the his-

tology is often non-diagnostic and the procedure carries the
risk of acute hemorrhage.!”! If the clinical suspicion of hep-
atic adenoma or focal nodular hyperplasia is strong, elective
laparotomy for diagnosis is usually the best approach.['®]

The CTNNBI1 gene encodes for /3-catenin which is a key
molecule in the Wnt signaling pathway.['”! HAs with 3-
catenin mutations represents 10%-15% of all HAs and are
related to malignant differentiation to HCC.?°! This corrob-
orates with the findings that 5-catenin activation is a fre-
quent (20%-34% of cases) event in HCCs.?!! As such, the
CTNNBI1 gene may represent an oncogene in the natural
history of progression from HA to HCC. HAs with S-catenin
mutation are more likely to progress to HCC (up to 50%),
making [3-catenin activation as a surrogate high-risk marker
for HCC progression.!6]

GH is an important regulator of body growth and its receptor
(GHR) is widely expressed in many tissues such as liver,
muscle and adipose tissue. GHR activation is responsible by
multiple signaling pathways, including the RAS/RAF/ERK,
the PI3K and the JAK/STAT.!?!

In the liver, GH binds GHR, which results in the activation of
JAK?2, which in turn phosphorylates the signal transducer and
activator of transcription 5 (STATS). GH-STATS signaling
controls expression of target genes associated with several
physiological processes.[>*! STATS activity in hepatocytes
was suggested to stimulate cell cycle arrest upon chronic
hepatocyte injury, while loss of STATS signaling favors acti-
vation of pro-survival and proliferation pathways.??!

In the reported case, no previous screening images had been
performed before the fertilization attempt in order to detect
possible previous existing HAs. The high hormone exposure
in the setting of fertilization might have played a central
role in the development of HCC. Unfortunately, we have no
data regarding the blood hormone levels of patient and AFP
levels in a way of direct comparison to stablish a stronger
relationship between them.

The use of GH in the second fertilization attempt and the
short time between GH exposure and the onset of symptoms
led us to the hypothesis that exposure to GH in a patient with
otherwise previously disrupted STATS signaling may have
strongly contributed to such an aggressive form of HCC. The
NGS test finding of PTEN loss, a mediator of PI3K pathway
reinforces this hypothesis.
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