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Background
FL-HCC is an uncommon liver tumor that only makes up 1% of 

all liver neoplasms [1]. FL-HCC is a prominent histological type of 
hepatocellular carcinoma (HCC) and is seen predominantly in children 
and adolescents without cirrhotic livers and underlying liver diseases [2-
4]. Typical histological characteristics of FL-HCC include large polygonal 
cells with dark nucleoli, an eosinophilic cytoplasm, and thick fibrous 
collagen bands adjacent to the tumor cells [5]. Histological examinations, 
immunohistochemical studies using tumor and liver markers, imaging 
techniques, and medical oncology can all be utilized to diagnose FL-HCC.

FL-HCC is generally non-specific and vague in Clinical 
presentation. Symptoms such as fever, nausea, abdominal pain and 
distention, and sudden weight reduction are commonly seen in 
FL-HCC[4,6]. Although FL-HCC has high rates of recurrence and 
metastasis, the prognosis of FL-HCC is better than that of conventional 
HCC [5,6]. Five-year survival rates for FL-HCC patients with and 
without metastasis at presentation are 39% and 86%, respectively [7].

The most effective treatments for localized FL-HCC are surgical 
resection and liver transplant. Chemotherapy is reserved for metastatic 
disease [4]. However, traditional chemotherapy is generally not 
very effective in this disease. Thus, the therapeutic options for those 
with advanced disease are very limited. In this article, we report that 
combination of immune modulator, targeted therapy and chemotherapy 
are able to achieve long period disease control. 

Case presentation
Case #1

A 24-year-old female was diagnosed with fibrolamellar carcinoma 
of the liver s/p right hepatectomy in 8/2017. 11/2017, she was found 
to have recurrence in the lungs and remanent liver. She was placed 
on 5-FU (200mg/m2/day one week on and one week off), Nivolumab 
(3mg/kg every 2 weeks) and interferon alpha 2b (4million units/m2 on 
days 1, 3, 5 and 7). 5/2018, staging study showed stable disease. She had 
cryoablation of the bigger hepatic lesion. 1/2019, 5-FU was changed 
to 1000mg capecitabine twice daily7 days on and 7 days off. 6/2019, 
her capecitabine was reduced to 500mg twice daily and she switched 
from regular interferon to peginterferon (240 mcg every 2 weeks) for 
neutropenia, tolerance and convenience. 10/2020, disease progressed 
in the lungs. Her regimen was changed to Lenvatinib, nivolumab and 
quercetin. Her disease has been stable since then. 

Abstract
Fibrolamellar hepatocellular carcinoma (FL-HCC) is a rare primary hepatic cancer which has a preference for children and adolescents without fundamental liver 
disease or cirrhosis. A fusion gene, DNAJB1‐PRKACA, the only investigated recurring genomic abnormality found in nearly 100% of FL-HCC patients. Studies 
have revealed that DNAJB1-PRKACA fusion protein is essential to induce oncogenic transformation of hepatocytes, indicating that this fusion protein is potentially 
a key driver of FL-HCC. Further investigations will be needed to determine the precise tumorigenic mechanism from the cooperation of DNAJB1-PRKACA and 
β-catenin/WNT signaling pathway. Although most FL-HCC patients have advanced disease when initially diagnosed, treatments of curative intent are possible to 
most of the cases. Surgical resection or liver transplantation is the only potentially curative option in the present. FL-HCCs have generally been thought not much 
chemo-responsive, however, multimodality treatments can be efficient in advanced disease. FL-HCC microenvironment expresses multiple-immune suppressive 
molecules including B7-H3, CD8, CD11c, CD68, Foxp3, IDO, LAG3, PD-1, and PDL-1, while PDL-1 expression is significantly higher in FL-HCC tumor tissues 
than that of normal hepatocytes. CD8+ T cell density was observed at much higher at tumor interface zone. These finding support the use of immune checkpoint 
inhibitors in treating this disease. In this review, we reported two cases of FL-HCC patients who had combination treatment of immune modulators, targeted therapy 
and chemotherapy post resection, achieved long term disease control.
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Case #2

A 37-year-old female had a history of FL-HCC when she had 
left hepatectomy in 5/2018. The tumor was 9cm in size and surgical 
margins were negative. 8/2019, she had recurrence and underwent 
segmentectomy of segment 7. 3/2020, MRI of the abdomen revealed 
a 1.4cm lesion in segment 5 which was likely recurrence; 0.9 cm lesion 
in segment 6, which was FNH. She had cryoablation to the segment 
6/caudate lesion and Y90 embolization to the segment 5 lesion. Post 
operatively, she started peginterferon alpha 2a 240mcg s.q q 2 weeks; 
nivolumab 240mg q2weeks; capecitabine 1000mg PO bid 7 days on and 
7 days off. After 4 months, capecitabine was reduced to 500mg bid for 
neutropenia and peginterferon alpha 2a was reduced to 180mcg due to 
thrombocytopenia. She has remained disease-free since. 

Molecular pathogenesis
The rarity of FL-HCC and the lack of both cell lines and animal 

models have posed various challenges for understanding its molecular 
pathogenesis. Unlike patients with HCC who often have loss-of-function 
mutations such as TP53 and PTEN, studies in Genetics suggest that 
patients with FL-HCC do not show those genetic lesions [8]. In 2014, 
Honeyman et al [9]. detailed a novel fusion gene called DNAJB1‐
PRKACA found in nearly 100 percent of patients with FL-HCC. A full 
genome sequencing showed that the fusion stemmed from a deletion 
of 400-kilobase on chromosome 19. The fusion chimera integrates a 
component of heat shock protein DNAJB1 with protein kinase A (PKA) 

's catalytic domain while displaying full PKA activity retention (Figure 1). 
Prominently, this fusion gene has been recognized in approximately 80-
100% of patients documented in numerous studies and is the sole known 
genetic aberration recurring in FL-HCC; meanwhile, there has been no 
identification of it in any other cancer [10-13]. It is 100% specific for FL-
HCC in the setting of primary hepatocellular neoplasms [5]. 

Evidence has shown that the presence of the DNAJB1-PRKACA 
fusion protein is enough to promote the oncogenic transformation of 
hepatocytes. Xu et al. showed that the chimeric gene overexpression 
especially intensifies colony formation and proliferation in transformed 
liver cell lines, suggesting the gene’s oncogenic role [11]. In a study where 
CRISPR/Cas9 technique was used to engineer DNAJB1–PRKACA fusion 
protein in young adult mouse livers, the development of tumors shared 
many characteristics with FL-HCC in humans in 12 among the 15 mice 
[14]. Similar results were observed in another research group’s mice models 
with FL-HCC lesions induced by an akin technique [15]. Moreover, this 
DNAJB1-PRKACA chimera was sufficient at driving tumorigenesis in vivo 
in adult zebrafish models [16]. In addition, a patient-derived xenograft 
tumor model confirmed that the DNAJB1–PRKACA chimera was a key 
inducement of FL-HCC and remarkably rich in liver cancer stem cells [17].

The overexpression of DNAJB1-PRKACA in FL-HCC makes 
its number of transcripts 10-fold greater than the WT PRKACA 
transcript. When the fusion protein overexpresses, it raises cAMP-
dependent PKA activity to a higher level than that in normal livers 
[18]. However, although the restoration of WT PRKACA induced few 
differences in liver cells' histology, it did not prompt the development 
of FL-HCC in a CRISPR/Cas9–mediated mouse model, indicating 
that FL-HCC does not solely stem from elevated PRKACA activities 
[15]. A variety of candidate drivers were tested in this model, but 
remarkably, only one activated type of β-catenin synergized with the 
DNAJB1–PRKACA chimera and significantly enhanced tumorigenesis 
[19]. Interestingly, phospho-β-catenin, an indicator of the hyperactivate 
status in the Wnt pathway, has appeared in patients with FL-HCC [20]. 
It was hypothesized that β-catenin might defend cells from DNAJB1–
PRKACA-inflicted oxidative stress, then progress to FL-HCC [21]. 
Further studies will be needed to determine the precise tumorigenic 
mechanism from the cooperation of the β-catenin/WNT signaling 
pathway and the DNAJB1-PRKACA chimera. 

1.	Current Therapies for FL-HCC
Surgical resection is a potentially curative surgical treatment option 

for the resectable FL-HCC. The surgical resection rate in FL-HCC is 

Figure 1. The fusion chimeric protein couples a segment of DNAJB1 with PRKACA in 
human chromosome 19

Sample size Tumor size 
range (cm)

Median tumor 
size (cm)

R0/R1 /R2 
Resection (%)1

Systemic 
treatment (%)

Recurrence 
rate (%)

5 yr Survival 
(%)

Overall 
survival 
(month)

Tumor free 
survival 
(month)

References

28 3-17 9 R0 (82%), R1 
(18%) 0 61 76 112 N/A Stipa, et al.[29]

41 3-25 13 R0 (83%), R1 
(10%), R2 (7%) 39 65.8 66.2 126.93 ± 16.34 86.93 ± 15.24 Pinna, et al.[26]

20 6-19 12.8 R1 (21.4%) 0 66.7 28 36 N/A Herman, et al. 
[36]

60 N/A N/A N/A 73 83.7 N/A 60-110.5 13.9 Kaseb, et al.[23]

73 1.1-30 10
R0 (51%), 

R1 (11%), R2 
(5.5%)

31.5 77 N/A 404 N/A Ang, et al.[25]

21 3.5-18 10.5
R0(80.9%), 

R1 (9.5%), R2 
(9.5%)

52 57 51.6 5.3-113.5 15.6 Darcy, et al. 
[37]

Table 1. Summary of Surgery Outcome in Resectable FL-HCC patients

Note: 1. A microscopically margin-negative resection is indicated by the R0 resection, where no microscopic or gross tumor survives in the primary tumor bed. The removal of all 
macroscopic disease, but with the positive microscopic margins for tumors is indicated by the R1 resection. Gross residual macroscopic disease with un-resectable gross residual tumor 
(primary tumor, macroscopic margin involvement, and regional nodes) is indicated by the R2 resection.
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FL-HCC may be moderately radiosensitive [35,39]. Selective 
internal radiotherapy (SIRT) with Yttrium-90 (Y90) is a therapy that 
is intra-arterial-directed for hepatic malignancy. Down stage from 
unresectable to resectable has been reported by Mafeld et al. [40] using 
Y90. Such an approach opens an opportunity for those with advanced 
disease. Because of the rarity of the disease, data from Y90 liver-directed 
therapy in FL-HCC are limited. This therapeutic modality warrants 
further investigation. 

Systemic therapy has been evolving rapidly in conventional 
HCC. Conventional HCC is a vascular rich tumor. Hence, drug 
development has been largely focused on anti-angiogenesis pathways. 
Tyrosine kinase inhibitors (sorafenib, Lenvatinib and cabozantinib) 
and ramucirumab are all targeting vascular endothelial growth factor 
receptor pathways. The introduction of immune checkpoint inhibitors 
changed the landscaping of HCC therapy significantly. Currently, 
there are three immune checkpoint inhibitors approved by the US 
FDA. These are nivolumab, atezolizumab and ipilimumab. Although 
physicians generally treat FL-HCC just like conventional HCC, the 
outcome is poor. Early reports indicated that 5-fluorouracil (5-FU) and 
interferon alpha might be useful in this disease [41]. In this study, 8 FL-
HCC patients treated with the regimen achieved 62.5% response with 
one complete response. Due to low incidence of disease, no large study 
has been conducted. At this point, the need for systemic therapy in FL-
HCC is largely unmet.

The immune microenvironment is poorly understood. 
Like conventional HCC, recent studies suggest that FL-HCC 
microenvironment expresses multiple-immunosuppressive molecules, 
B7-H3, CD8, CD11c, CD68, Foxp3, IDO, LAG3, PD-1, and PDL-1 were 
evaluated using IHC staining on FL-HCC clinical specimens. PDL-1 
expression is significantly higher in tumor tissues than that of normal 
hepatocytes (69% vs 17% respectively). CD8+ T cell density was noticed 
to be much higher at the tumor interface zone. These findings support 
the use of immune checkpoint inhibitors in treating this disease. It has 
been speculated that 5-FU could potential regulate tumor immune 
suppressive environment by changing CD4+ T cell and T-regulatory 
cell ratio, downing regulating Foxp3 and TIM-3 expression. Hence, the 
combination of 5-FU and immune checkpoint inhibitor, nivolumab, 
could potentially result in synergistic antitumor effect. 

Conclusion
FL-HCC is a rare disease. The two cases described in this 

manuscript provide an insight of the disease clinical course and tumor 
biology. Our anecdotal experience showed that combination of 5-FU 
(or capecitabine), interferon alpha and nivolumab is a viable option 
in advanced FL-HCC. The regimen offers prolonged stable disease 
in the first case. In the second case, this regimen also demonstrated 
the efficacy in treating microscopic disease in the adjuvant setting. 
The regimen potentially can be used as standard adjuvant therapy in 
high-risk patients with curative surgery or liver-directed therapy as 
our second case demonstrated. This combination warrants further 
evaluation in a well-designed larger clinical study. Due to the rarity of 
the disease, such study requires international collaborations. 
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approximately 60–70% and a median tumor size of 10.5 centimeters 
[22]. Resection usually is the first option for young, physically fit 
patients and the ones without cirrhosis, even for patients with large 
size tumors. In patients in the advanced stage with a preserved liver 
function, resection is still the optimal choice for them to control the 
disease [23,24]. More than 70 % of the patients undergo an extended 
hepatectomy or hemihepatectomy, while rest of patients require a 
partial or minor hepatectomy [23,25]. 30% to 60% of tumor resected 
patients encounter lymph node involvement. Due to the fact that 
positive lymph node is an unsatisfactory prognostic factor, complete 
periportal lymphadenectomy is regularly utilized in radical resections 
for FL-HCC patients. Approximately 26-76 % of patients survive over 
five years. The medium survival ranges from 32 to 174 months [26-29] 
(Table 1).

Multiple tumors, positive lymph nodes, and vascular invasion are 
negative prognostic factors to predict worse survival after resection 
[30,31]. On the other hand, absence of lymph node metastasis or 
vascular invasion, normal liver functions, free surgical margins, larger 
viability of surgical resection, and appropriate lymph node dissection 
predict a prolonged survival [7,32]. Nevertheless, significant number 
of patients after curative resection still suffer recurrent disease. The 
median recurrence-free survival time are 20 to 48 months [1]. The 
common recurrence sites include lung, peritoneal surfaces, regional 
and non-regional nodes [7,33]. However, metastasectomy is a viable 
option in this patient population. Aggressive surgical resection could 
potentially overall improve median survival up to 10 years compared 
to 3 years without surgery [34]. Because of the high recurrence rate, 
frequent postoperative surveillance is needed. Elevated vitamin 
B12 binding protein was reported as a biomarker of FL-HCC due to 
production or modification of the binding protein transcobalamin I 
by the tumor [35]. Serum vitamin B12-binding protein levels and CT 
scans should be performed every three to six months in the first two to 
three years of follow-up postoperatively. It was controversial whether 
adjuvant chemotherapy benefit patient survival and tumor-free interval 
[23,26].

2.	 Unresectable FL-HCC

Approximately 25% patients have un-resectable disease at the time 
of diagnosis due to extensive nodal spread, multifocal metastases, and/
or major vessel involvement [25]. Therapies like as liver transplantation 
(for hepatic disease only), radiotherapy and systemic chemotherapy are 
usually considered.

Unlike traditional HCC, orthotopic liver transplant is often 
considered for the eligible patients. While the transplant data for FL-
HCC patients are rather scant, transplant in patients with advanced 
disease is still a viable option [5]. The patient’s outcomes who underwent 
liver transplantation are often based on small case series. The results are 
rather promising [36]. Pinna et al. had indicated the outcome of 13 FL-
HCC patients who underwent a liver transplant showing a 3-year overall 
survival rate of 45% and a 5-year survival rate of 36% [37]. Another 
group reported that FL-HCC patients’ overall survival at 1, 3, and 5 
years was 96%, 80%, and 48% [38]. In general, liver transplantation has 
29 to 55% of overall 5-year survival rate in the advanced stage of FL-
HCC patients. Survival rates of transplantation are inferior to that of 
resection though, possibly due to more advanced stages of the disease. 
However, liver transplantation still remains a crucial option for those 
patients and it is usually considered in selected cases of unresectable 
FL-HCC [4]. 
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