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Abstract: Fibrolamellar hepatocellular carcinoma (FL-HCC) is a malignant primary hepatic cancer
that affects mainly adolescents and young adults without underlying liver disease. Its biology
remains unknown, but it is pathologically distinct from traditional HCC. Therapeutic strategies are
not well defined and, as chemotherapies seem to have limited efficacy, surgical resection remains
the only effective treatment. Here we report on a case of a metastatic FL-HCC in an 18-year-old
man successfully treated with aggressive intra-thoracic bilateral lung metastasectomy following
primary tumour resection and adjuvant chemotherapy. Survival time after initial hepatectomy is
39 months, with no recurrence of disease to date. Aggressive surgical resection and redo surgery
should be considered until more effective multimodality therapies are identified. Multidisciplinary
team discussion and involvement of medical and surgical specialties are essential in managing these
rare entities.

Keywords: Fibrolamellar hepatocellular carcinoma; lung metastasis; metachronous tumours;
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1. Background

Fibrolamellar hepatocellular carcinoma (FL-HCC) is a rare variety of primary hepato-
cellular malignancy accounting for 1–2% of all cases of hepatocellular carcinoma registered
in the United States. It affects predominantly adolescents and young adults without un-
derlying cirrhosis or liver disease with a male to female ratio reaching almost 2 to 1. This
neoplasm usually presents as a solitary mass with non-specific symptoms, such as nausea,
vomiting and a palpable abdominal mass. Serum transaminases can be elevated and only
in 5 to 10% of cases is the alpha-fetoprotein level higher than 200 ng/mL [1].

While its biology remains largely unknown, this pathologically distinct cancer is char-
acterized by the presence of thick collagen bands surrounding the tumour cells, which
renders it different from other subtypes of hepatocellular carcinoma [2]. The tumour
presents more commonly within a context of healthy hepatic parenchyma and it is not
associated with cirrhosis, as may be evidenced by its epidemiologic characteristics. Mi-
croscopically it features large polygonal cells with prominent nucleoli, well-delineated
cell borders and abundant granular eosinophilic cytoplasm, arranged in nests, cords, and
trabeculae surrounded by dense parallel bands of fibrosis, a feature also known as lamellar
fibrosis [1].
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Even though the pathogenesis of FL-HCC is not completely clear, several molecular
hallmarks have previously been delineated. In fact, FL-HCC manifests three types of molec-
ular classes, namely the Proliferation class (activation of specific Akt-mTOR signalling),
the Inflammation class (a hyperinflammation profile with enrichment of IL-18 and IL-10
cytokines), and the Unannotated class (other redundant signal pathways such as RAS, TGF-
beta, PI3K and MAP kinases, not strictly related to liver-specific cancer pathways). These
groups lead to different molecular profiles responsible for the pathogenesis of FL-HCC in
different ways. Overall, this tumour has a lower copy number variation than intrahepatic
cholangiocarcinoma or HCC, with focal aberrations responsible for the molecular genesis
of this cancer. Moreover, an increased EGFR membranous manifestation and several other
neuroendocrine markers are typical in FL-HCC. As far as focal aberrations are concerned,
FL-HCC seems to be primarily driven by a genomic deletion in chromosome 19, providing
a unique fusion gene mutation coding for the DNAJB1-PRKACA chimeric protein. This
involves a G protein-coupled receptors disfunction responsible for the cancer genesis and
progression [3]. Known hepatic stress factors, such as chronic alcohol consumption, viral
hepatitis or liver flukes are not thought to be associated with this type of disease. The
activated fusion protein enhances the phosphorylation of other cellular structures associ-
ated with cellular proliferation. This mutation is expressed in approximately 95% of cases,
suggesting its crucial role in the development and progression of FL-HCC. While other
mutations have been studied as possible causes for the progression of the disease, this is
not yet clear [4].

Nodal metastases are observed in 50–65% of cases, with 20–30% of cases featuring
distant metastases being diagnosed in advanced stages [5]. The lungs, peritoneum and
adrenal glands represent the most common sites of metastases, even though it is not
unusual to find secondary lesions in other sites, such as the mammary glands and bone [6].

Since the effectiveness of alternative treatments, such as systemic chemotherapies,
has not yet been established [7], surgical resection remains the only effective treatment.
Chemotherapy for FL-HCC is controversial, and it has been suggested that cytoreductive
chemotherapy is ineffective and adjuvant chemotherapy does not improve survival [7].
Moreover, as FL-HCC tends to be non-chemo-responsive, surgical resection of recurrent
disease is associated with improved median overall survival (OS) [8]. In this context, early
diagnosis is essential, as the absence of comorbidities and a young age at diagnosis are
conditions that can make resection feasible even in the presence of large tumours, always
considering the possibility of a high incidence of recurrence [9]. However, diagnosis is
complex because of the pleomorphism of the associated symptoms and the functional
compensation of a healthy liver in most of the patients because of their age.

In this paper we report a case of metastatic FL-HCC in a young man which was
successfully treated by aggressive intra-thoracic bilateral lung metastasectomy.

2. Patient Information, Clinical Findings and Diagnostic Assessment

An 18-year-old male patient was referred to our department by hepatobiliary sur-
geons for multiple enlarged lesions in the right lung. Two years earlier, on the detection
of a relatively rare form of FL-HCC, the patient had undergone right hepatectomy via
laparotomy, associated with inferior vena cava resection and replacement with a Dacron
prosthesis due to local disease infiltration, right adrenalectomy, microwave thermal ab-
lation of a suspicious lesion in the S1 segment and a lymphadenectomy of the hepatic
hilum. Definitive histological examination testified to a pathological T4N0 stage hepatic
fibrolamellar carcinoma.

After 17 months of regular follow-up, a surveillance thoracic and abdominal CT-scan
were performed. These detected a volumetric enlargement of a paracaval supradiaphrag-
matic mass and the appearance of multiple right pulmonary nodules, in addition to an
aspecific micronodule (4 mm) in the left lower lobe. The case was discussed by the multi-
disciplinary oncological board, which proposed starting first-line systemic therapy with
the XELOX protocol (4 cycles performed with mild-moderate toxicity, but poor subjective
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tolerance by the patient). In particular, the protocol adopted consisted of 130 mg/m2 of
Oxaliplatin and Fluoropyrimidines 1000 mg/m2. After chemotherapy, a total body com-
puted tomography scan (TB-CT) confirmed the stability of the disease in terms of number
and volume of the nodules, and collaterally identified the obstruction of the caval graft
and partial thrombosis of the right femoro-iliac venous axis. On the basis of this diagnosis,
anticoagulant therapy was initiated, and the patient was considered to be a candidate for
surgical resection.

3. Therapeutic Intervention and Outcome

One month after the completion of chemotherapy, the patient underwent laser-assisted
metastasectomy of three pulmonary nodules in the right lower lobe, wedge resection of a
nodule in the middle lobe (Figure 1), and en bloc excision of a 20 mm paracaval mass with
a small portion of the hemidiaphragm by posterolateral thoracotomy access. Open surgery
was preferred to allow better palpation of the entire lung, as well as better control of the
resection margins, particularly in laser-assisted metastasectomy. A laser-assisted technique
was adopted in addition to the use of conventional wedge resections to mitigate against
the risk of air leaks, for better lung sparing resection and a comparable R0 results [10].
All the nodules were confirmed to be FL-HCC metastases at histological examination
(microscopical and immunohistochemical confirmations), with negative resection margins.
No postoperative complications were registered. The patient was discharged after seven
days, and follow-up was started. Nine months later, a total body CT-scan (TB-CTs) showed
volumetric growth of an isolated pulmonary micronodule (10 mm vs. 4 mm; Figure 2) in
the left lower lobe which had remained unchanged before that, with no further suspicious
lesions. Multidisciplinary discussion confirmed the high probability of disease recurrence,
and the patient underwent re-intervention. Video Assisted Thoracic Surgery (VATS) wedge
resection of the left pulmonary nodule was performed. FL-HCC metastasis with wide
negative margins was histologically confirmed (Figure 3). Two days after surgery, the
patient was discharged from our department with no postoperative complications, the
drainage was removed on the first postoperative day with no air-leak and no pain. TB-CTs
performed one month and again three months later did not reveal the presence of other
disease recurrence. In view of the long time to recurrence between the growth of the first
and the second nodules, a deep surveillance was scheduled and is still ongoing with the
aim of identifying further evidence of disease as earlier as possible. Survival time after
initial the hepatectomy is 39 months, with no recurrence of the disease to date (Figure 4).
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Figure 3. Representative histopathological images of the metastasectomy specimen. At low magnifi-
cation, the neoplasia was far from the surgical margins ((A), haematoxylin and eosin, scale bar: 3 mm).
The neoplasia was composed of trabeculae and cords of neoplastic cells with prominent oncocytic
and granular cytoplasm. The cells appeared large and polygonal, and exhibited well-defined cell
borders ((B), haematoxylin and eosin, scale bar: 300 µm). Immunohistochemical analysis revealed
positive staining for CK7 ((C), scale bar: 300 µm) and HepPar1 ((D), scale bar: 300 µm).
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4. Discussion

FL-HCC is an extremely rare subtype of HCC first identified by Edmondson in
1956 [11], and recognized by the World Health Organization (WHO) as a distinct his-
tological variety only in 2010, accounting for less than 1% of all primary hepatic cancers and
with an age-adjusted prevalence of 0.02 per 100.000 persons in the US [2]. As we mentioned
earlier, several improvements in terms of epidemiology and molecular aetiology have
emerged in the literature in the last few years, although a conclusive flowchart for manage-
ment of the disease is still lacking. FL-HCC case reports provide an overview of successful
(or in some cases unsatisfactory) management on which to base further consensus.

As far as general features are concerned, no specific semeiotic sign is reported. This
neoplasm frequently presents with non-specific symptoms such as malaise, stomach pain,
weight loss and hepatomegaly. When liver pathology is suspected, a routine flow-chart is
recommended [12]. FL-HCC lesions can initially be identified with ultrasounds, typically
appearing as large masses with heterogeneous echogenicity [13]. However, contrast-
enhanced CT scans and magnetic resonance imaging (MRI) are often recommended for
better defining the tumour limits and its surroundings. Radiological CT features show
in most FL-HCC heterogeneous hyperattenuation on arterial phase images due to the
presence of large hypervascular tumour cells arranged around hypovascular fibrotic bands.
Portal vein thrombosis and biliary obstruction are uncommon in FL-HCC. In MRI studies,
FL-HCC is usually hypointense on T1-weighted images and hyperintense on T2-weighted
images [14]. Anecdotal evidence has suggested nuclear medicine imaging for the study
of this entity [13]. Differential diagnosis is most commonly performed with focal nodal
hyperplasia (FNH), haemangioma, hepatic adenoma and conventional HCC [12].

At the time of diagnosis, this cancer is usually characterized by large size at the primary
site, with a predilection for the left lobe of the liver, with nodal involvement in up to 50–65%
of cases, and distant metastases in 20–30% of cases [5]. Definitive diagnosis typically
requires a needle (or core) biopsy when indicated for guiding non-surgical treatment, but
biopsy should be reserved for non-resectable cases [15].

Considering that FL-HCC is generally discovered in young adults, aggressive man-
agement is required to take cancer under control. When a metastatic neoplasm has escaped
the primary site (liver), the recurrence free survival time becomes crucial and surgery is an
affordable tool against cancer progression. For patients under 40 years of age (generally
the top age cut-off for FL-HCC) surgical management would be a suitable first choice,
always supposing that the FL-HCC presents commonplace biological behaviour in terms
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of aggressiveness due to the molecular mutation in chromosome 19. It is possible that in
older patients this type of neoplasm would present a different biological behaviour, but
reports are anecdotal, and we are far from being able to discuss this aspect in patients older
than 40-years-old.

When feasible, surgical resection serves as the primary treatment option for FL-HCC,
which typically shows limited responsiveness to chemotherapy and locoregional therapies.
The recent literature suggests a better survival rate in patients with advanced FL-HCC who
undergo combination neoadjuvant immunotherapy with Atezolizumab and Bevacizumab,
instead of with sorafenib [14]. Five-year survival rates following surgical resection vary
from 58% to 82%, whereas five-year survival rates in patients with unresectable FL-HCC
range from 0% to 5%. Nonetheless, recurrence or metastases occur in over 50% of cases de-
spite complete and radical (R0) surgical resection of the primary tumour (with rates ranging
from 36% to 100%), with lungs being the most commonly affected site for metastases [15,16].

In a metastatic setting, little evidence is reported in the literature but a multimodal
aggressive management seems to be strictly recommended [17–19].

Previous studies have recommended [19] the potential benefits of aggressive surgical
intervention for FL-HCC cases with metastases. Additionally, favourable prognoses and
promising long-term survival outcomes have been reported in cases of surgically manage-
able FL-HCC with recurrent resectable disease [9] emphasizing the pivotal role of surgery
within a multidisciplinary treatment approach.

New therapies are expected in the future. Targetable DNA JB1-PRKACA gene fusion
has been shown to be suitable (in preclinical evidence) for future personalized treatments
in terms of immunotherapy or siRNAs derived drugs [16,17]. At the moment, target
agents are unsatisfactory, failing to control FL-HCC by targeting the Akt/mTOR or EGFR
pathway [18] despite their recognized involvement in Fl-HCC development.

To date there is no consensus regarding the optimal treatment approach for distant
metastases arising from FL-HCC, which is inadequately characterized in the literature. This
is probably the greatest limitation of this study. In fact, the lack of a shared consensus of the
treatment of rare cancers results in different management in different centres of comparable
cases in which different treatments are proposed with similar results [20–22]. Consequently,
more case studies are urgently needed to reach a consensus. In our study, the time to relapse
after the second resection was shorter than after the first, so we are not able to confirm
that the patient will remain metastases-free after a further nine months. In this study, we
have presented a case involving multiple metachronous bilateral lung metastases that were
successfully managed through surgical intervention following adjuvant chemotherapy
and multidisciplinary discussions. Multidisciplinary boards act as crucial elements in
rare cases because different specialists are able to propose different options that, taken
together, are able to delineate a joint strategy, that is lacking in FL-HCC. This is probably
the main finding that emerges in the literature and that should always be kept in mind
when managing lung metastatic FL-HCC.

5. Conclusions

Because of a limited understanding of its carcinogenesis, aetiology, and molecular
biology, as well as the enigmatic nature of its natural history, FL-HCC poses a distinct
challenge. Occurring predominantly in adolescents and young adults without underlying
diseases, FL-HCC necessitates careful consideration of extended surgical resection and
repeat surgery. This approach is warranted until more effective multimodal therapies
are identified. Given the lack of conclusive knowledge surrounding FL-HCC, a proactive
stance towards surgical intervention is suggested for optimizing patient outcomes while
awaiting the introduction of new agents in the precision era management of rare cancers.
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