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Abstract 
 
Hepatocholangiocarcinoma, fibrolamellar carcinoma, hepatic haemangioendothelioma and 

hepatic angiosarcoma represent less than 5% of primary liver cancers. If fibrolamellar 

carcinoma and hepatic haemangioendothelioma are driven by a unique somatic genetic 

alteration (DNJBAB1-PRKCA and CAMTA1-WWTR1 fusion respectively), the pathogenesis of 

hepatocholangiocarcinoma remains more complex as suggested by its histological diversity. 

Histology is the gold standard for the diagnosis that remains often challenging even in an 

expert center due to the low incidences of these liver cancers. Resection, when feasible, is the 

cornerstone of the treatment together with liver transplantation for hepatic 

hemangioendothelioma. The role of loco-regional therapies and systemic treatments remains 

poorly studied. In this review, we aim to describe the recent advances in term of 

physiopathology and clinical care of these rare primary liver cancers. 

 
Keywords: mixed tumor, hepatocholangiocarcinoma, fibrolamellar carcinoma, hepatic 

hemangioendothelioma, hepatocellular carcinoma, hepatic angiosarcoma 
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Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) account, respectively, for 85% 

and 10% of all primary hepatic cancers (PLC). Large cohort studies and randomized controlled 

trials are available and have allowed to propose international guidelines for the management 

of HCC and CCA. In contrast, rare PLC such as combined hepato-cholangiocarcinoma (cHCC-

CCA), fibrolamellar carcinoma (FLC), hepatic hemangioendothelioma (HEE) and hepatic 

angiosarcoma (HAS) lack of prospective studies and clinical trials due to their scarcity. Herein, 

we want to summarize the recent advances in physiopathology and management of rare PLC. 
 
 
Combined tumors hepato-cholangiocarcinoma 
 
A matter of definition 

cHCC-CCA is characterized at histology by the presence of two distinct morphological patterns 

in the same lesion: HCC and intrahepatic CCA (iCCA)(1)(2).  

Several classifications have been proposed (supplementary Table 1) and were used 

sequentially in the literature leading to confusion. The discussion about terminology, based 

on recent morphological and molecular advances, excluded several types of PLC from cHCC-

CCA: collision tumors, hepatoblastoma, typical HCCs with immunohistochemical expression of 

progenitor markers; typical iCCAs with immunohistochemical expression of hepatocytic 

markers. Whether intermediate cell carcinoma (INT) and cholangiolocellular carcinoma (CLC) 

should be classified within cHCC-CCA was debated.   

 

A recent proposal of a consensus terminology(3) divided PLC that cannot be included into 

either HCC or iCCA in three classes:  

1. Tumors with the presence of hepatocytic and cholangiocytic histology mixed with a 

transition or separated areas within the same tumor, considered as combined HCC-CCA (cHCC-

CCA).  

2. PLC completely composed of “intermediate cells” (intermediate cell carcinoma), small cells 

of size intermediate between stem cells and hepatocytes with transitional morphology 

between hepatocytes and cholangiocytes, if this entity should be considered as a subtype of 

cHCC-CCA is still a matter of discussion(4,5).  

3. PLC composed of pure CLC, if the main component of PLC is composed > 80% of 

cholangiolocarcinoma, finally reclassified in small duct iCCA(5).  

 

According to this classification, the concept of “stem cell” phenotypes based on 

immunohistochemistry (EpCAM, CK19 and CD56) is not considered as a sub-category per-se, 

but rather as a feature that can be present in different types of PLC (4). Moreover, all subtypes 

of PLC could be associated in the same lesion with minor histological components observed in 

more than a half of cHCC-CCA(6,7). If different subtypes are present, a precise description is 

recommended and the percentage of each tumor type present should be assessed in surgical 

specimens(4).  

 

Epidemiology and risk factors  

Data from large databases reported a proportion of cHCC-CCA nearly 0.75% among all PLC 

with an  incidence of 0.05/100 000 in the general population (8–10). The incidence in 

monocentric studies based on resection or necropsies varies from 2.4% to 5.3% of PLC and the 

2018 World Health Organization (WHO) classification estimates the frequency at 2%-

5%(1,4,5,11–15).  
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Risk factors associated with cHCC-CCA are shared with others PLC and include hepatitis B 

(HBV), hepatitis C (HCV), alcohol consumption, cirrhosis and male predominance (up to 79%) 

(Table 1).  Association with cirrhosis is reported in several surgical series in eastern countries 

(26 to 81%); mostly associated with HBV infection(4,12,14,16–19). In Western countries, the 

rate of cirrhosis was up to 52% with HCV as the leading cause in Spain(43%) and USA(23%) 

and alcohol in France (40%)(13,20–22). These data are consistent with a systematic review 

identifying cirrhosis in 51.7% of liver explants or surgical pieces(18). It seems that cHCC-CCA 

stands at the crossroad between iCCA (low rate of cirrhosis and HBV/HCV infection) and HCC 

(high rate of cirrhosis and HBV/HCV infection) in term of underlying liver disease. 

 

Genetic landscape of cHCC-CCA 

 

Whole-genome sequencing of  liver cancer displaying biliary phenotype including cHCC-CCA 

reporsts a median number of 60 to 70 non-synonymous coding mutations per tumor(Table 

2)(23). TERT promoter, TP53, ARID1A and ARID2 mutations are more frequent in cHCC-CCA, 

PBRM1, BAP1, KRAS, IDH1 and FGFR2 mutations in iCCA and CTNNB1 mutations in HCC. The 

high heterogeneity in term of technics and HCC-CCA classification of these studies needs to 

be underlined (24–27). Genomic analysis also suggest an impact of viral hepatitis (HCV and 

HBV) on the genetic landscape of cHCC-CCA that seems closer to HCC than iCCA in term of 

genomic profiles and prevalence of TERT promoter mutations(23).  

The largest genetic study on cHCC-CCA was performed on 133 patients in Asia. TP53, TERT 

promoter, AXIN1, KMT2D, ARID1A were the leading mutations of cHCC-CCA, close to genomic 

alterations observed in HCC, even if the frequency of TERT promoter mutations (23%) seem 

lower than in HCC (40-60%) but higher than in iCCA (0-8%). The analysis of mutational 

signatures identified an exposure to aristolochic acid, aflatoxin B1 and hepatitis B. Epithelial 

mesenchymal transition, EpCAM, and KRT19 genes were mostly expressed in “combined” type 

cHCC-CCA with an enrichment of KRAS mutation. Xenobiotic and bile acid metabolism and 

overexpression of AFP, GPC3, and SALL4 were more represented in “mixed” type cHCC-CC 

according to the Allen Classification. The authors suggest that “mixed” type cHCC-ICC could 

be more similar to HCC and “combined” type cHCC-CCA more similar to iCCA(28).  

 

Analysis of genetic landscape show that CLC has a different genetic profile compared to pure 

cHCC-CCA with more ARID1A and less TERT promoter mutation (29). Another genomic analysis 

confirms that CLC looks like a biliary-derived molecular entity harboring chromosomal 

stability, activation of TGFβ pathway with biliary features(27).  

 

In term of tumor heterogeneity, comparison of the iCCA and HCC component confirms the 

monoclonal origin of cHCC-CCA but also shows a significant intratumor genetic heterogeneity 

overlapping with the morphological heterogeneity(28,30). One study identified TERT 

promoter mutations in both HCC and iCCA components suggestive of an early event in 

carcinogenesis whereas mutations in other driver genes such as TP53 harbored intratumoral 

heterogeneity(25).   

 

In term of cell of origin, the disruption of p53 in mice promotes dedifferentiation of mature 

hepatocytes into nestin-positive progenitor cells that could give rise to HCC or iCCA under the 

influence or Wnt and Notch (31,32). Overexpression of nestin was identified in 81.3% of 
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human cHCC-CCA and was associated with a poor clinical outcome(28). Moreover, a cell line 

derived from cHCC-CCA can differentiate to both HCC and iCCA under different growth 

conditions (33,34). These results are consistent with the hypothesis that cHCC-CCA can derive 

from hepatic progenitor cells that express markers of both lineages (hepatocytes and biliary 

cells)(35,36). 

 

These data suggest that 1) cHCC-CCA is monoclonal deriving from a common cell of origin 2) 

cHCC-CCA genomic features may be more similar to HCC than iCCA even if some cHCC-CCA 

harbored genomic features closed to iCCA 3) risk factors can be associated specific genetic 

features in cHCC-CCA and 4) CLC has a different molecular profile close to iCCA.  

 

Diagnosis 

The diagnosis of cHCC-CCA is based on histology from biopsies or surgical specimens (Figure 

2)(4,5). Immunohistochemical markers are not mandatory but could be helpful to better 

characterize PLC: hepatocyte markers (HepPar1, Alpha-fetoprotein and glypican-3); 

cholangiocytes markers (CK19, CK7) and “stem cells” markers (EpCAM, CK19, CD133)(4,22). 

These markers should be considered in the context of morphological analysis, especially for 

the “stem cells markers” that could be expressed by all PLC. In pre-surgical setting, the 

performance of liver biopsy for the diagnosis of cHCC-CCA could be estimated to 48% of 

sensitivity and 100% of specificity(22).  

 

Sometimes the discordance between imaging and serum tumor markers (imaging suggestive 

of HCC with increased serum carbohydrate antigen 19-9 [CA19-9] or hypovascular nodule 

suggestive of iCCA with increased alpha-fetoprotein [AFP]) could rise the suspicion of a cHCC-

CCA(12,17). However, serum biomarkers alone are not reliable for the diagnosis of cHCC-CCA 

with elevation of serum CA19-9 and AFP observed only in 45% of the cases with also a limited 

specificity(21)(37).  

 

Even-though histology remains the gold standard for the diagnosis of cHCC-CCA, radiology 

(abdominal computed tomography (CT) or magnetic resonance imaging (MRI) with contrast 

agent injection) may help to suggest the diagnosis (Figure 2). Hallmarks of HCC (arterial phase 

hyper-enhancement [APHE] and washout) are observed in a minority of cHCC-CCA (21,22,38). 

Nevertheless, recent studies using the American College of Radiology’s liver imaging reporting 

and data system (LI-RADS) have reported misclassification of cHCC-CCA as HCC in 26% to 54% 

of cases when using major radiological features(39,40). Noticeably, 88% of these patients 

could be reclassified as malignant tumors but “non-HCC” (LI-RADS M category) after addition 

of ancillary features such as rim/peripheral arterial phase hyper-enhancement, progressive 

central enhancement, on portal venous and delayed phase images, predominantly peripheral 

washout appearance, liver surface retraction, biliary obstruction and marked diffusion 

restriction(39). The depiction of these features explain why the main differential diagnosis is 

often iCCA, and why performance of imaging is often insufficient(38,41–45). The association 

of HCC features with CCA features (appearance of iCCA with portal venous invasion, or 

appearance of HCC with biliary dilation or enlarged lymph nodes) may be suggestive of the 

diagnosis. Finally, CEUS (contrast-enhanced ultrasound) also harbors an insufficient specificity 

for the diagnosis of cHCC-CCA, since tumors show non-specific association of various degree 

of heterogeneous arterial phase hyperhancement with washout (46,47).    
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Imaging has a limited diagnostic performance alone with a sensitivity of only 48% and a 

specificity of 81% and the combination of imaging and biopsy could improve the sensitivity 

(60%) and specificity (82%)(22). Overall, radiology is fundamental to guide liver biopsy 

(especially possible multiple biopsies in heterogeneous tumors) and to perform tumor staging.  

 

Treatments 

 

Liver resection 

 

Liver resection (LR) is currently the most effective curative-intent therapy for cHCC-CCA. 

According to state-of-the-art principle for oncologic liver surgery, liver resection aims to 

completely remove the lesion with adequate margins and with a sufficient liver remnant 

volume. This requires a multi-parametric evaluation of the patient, tumor and underlying liver 

disease(48). A resection margin >10 mm has been associated with a prolonged disease-free 

survival(49). Major hepatectomy can be proposed if a sufficient liver remnant volume has 

been secured in order to limit the risk of postoperative liver failure(48). In patients with 

cirrhosis, evaluation of the degree of portal hypertension should also be performed as 

clinically significant portal hypertension represent absolute contraindications to major 

hepatectomy(50). Furthermore, lymphatic pattern of tumor spread in cHCC-CCA requires a 

routine hilar lymphadenectomy(51). The need for routine lymphadenectomy should currently 

restrict the use of the laparoscopic approach only to centers with extensive expertise both in 

liver surgery and laparoscopy (52). 

 

A systematic review including 437 cHCC-CCA treated by LR reported a disease-free survival of 

14.2 months in cHCC-CCA compared to 43.1 months in HCC and 17.8 months in iCCA with an 

overall survival of 37, 67 and 32 months respectively(18). Outcomes after liver resection for 

cHCC-CCA seems close to patients with iCCA and worse than patients with HCC mainly due to 

early tumor recurrence (13,17) even if a recent study identify no difference of outcomes after 

adjustment on cirrhosis and tumor size(53). 

 

Liver transplantation  

The role of liver transplantation (LT) for the treatment of small iCCA or cHCC-CCA remains 

controversial. A systematic review of retrospective studies for LT for cHCC-CCA reported a  

median disease-free survival of 14.2 months and a median OS of 37.1 months(18). These 

results were discouraging and, in many countries, cHCC-CCA is still a contraindication for LT. 

 

In contrast, recent studies with similar inclusion criteria reported more positive outcomes. The 

first study conducted in Spain on 42 patients undergoing LT for HCC with an incidental 

diagnosis of HCC-CC or iCCA and stratified according to tumor size and number. The 5-years 

survival rates were similar between cHCC-CCA and HCC controls (78% vs 86%). Patients with 

multinodular or uninodular tumors larger than 2 cm had the worst outcomes(20). The second 

retrospective study analyzed patients treated by resection (n=26) or LT (n=95) for iCCA and 

cHCC-CCA <5cm developed on cirrhosis. Overall survival (67% at 5 years) and recurrence-free 

survival (75% at 5 years) were better in patients treated by LT than in patients treated by 

resection and small tumor. iCCA and cHCC-CCA patients had comparable survival(54).  
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Recent retrospective data suggest that cirrhotic patients with cHCC-CCA transplanted have a 

better survival than patients resected if tumor size is <5 cm(20,54,55). One of the main 

drawbacks of these studies is that cHCC-CCA was identified incidentally on the explant and 

data on intention-to-treat analysis of LT for cHCC-CCA diagnosed before inscription on the 

waiting list are lacking. A recent consensus concluded that there is not enough evidence to 

propose LT for cHCC-CCA but that this approach should be explored in clinical trials(56). 

Moreover, liver transplantation should be also discussed according to each national 

guidelines. 

 

Loco-regional treatments  

The effectiveness of trans-arterial chemoembolization (TACE) on cHCC-CCA was analyzed in 

retrospective studies including a limited number of patients. TACE in 50 patients induced a 

partial response or stable disease in 70% of the cases, mainly in tumors with APHE with a 

median overall survival of 12.3 months(57).  

Better outcomes were reported in a cohort of patients treated by TACE for recurrence after 

liver resection. As expected, cHCC-CCA with a with non-rim APHE pattern at imaging have a 

better radiological response rate (36% vs 0%) and survival (52.8 vs 12.4 months) compared to 

patients with rim APHE (58,59). Data about radio-embolization (SIRT) and chemotherapy on 

unresectable iCCA show that 22% of patients can be downstaged to surgical intervention(60). 

SIRT are associated with a 55% radiological response rate, 65% disease control rate with a 

median overall survival of 9.3 months in 21 patients suggesting a possible role of SIRT for 

cHCC-CCA (61).  

 

Altogether, only few data are currently available to support the value of intra-arterial 

treatments in patients with cHCC-CCA, even if some retrospective data suggest a possible role 

in selected patients with tumor showing APHE. 

 

Systemic treatments 

Data about systemic treatments in unresectable cHCC-CCA are limited to few retrospective 

series testing the first-line treatment approved for advanced HCC (sorafenib) and CCA 

(gemcitabine/platinum regimens)(62,63).  

A multicentric Japanese study on 36 patients with unresectable cHCC-CCA analyzed different 

first-line systemic treatments. The median overall survival of the gemcitabine/cisplatin, 

fluorouracil/cisplatin and sorafenib was 11.9, 10.2 and 3.5 months respectively suggesting 

than sorafenib was associated with a reduced survival(64). A French multicentric study 

included 30 patients treated by gemcitabine with oxaliplatine or cisplatin +/- bevacizumab. 8 

patients (28.6%) had a partial response with a median progression free survival of 9.0 months 

and an overall survival of 16.2 months.(65). The largest series available is a monocentric 

cohort of 68 unresectable cHCC-CCA who received mainly gemcitabine-based regimen (57/68) 

with 23.5% gemcitabine +/- fluoropyrimidine and 60.3% gemcitabine with platinum. Overall 

survival was 11.5 months in patients receiving gemcitabine/platinum therapy and 9.6 months 

in the 7 patients treated with sorafenib alone(66). Currently, no data in literature are available 

regarding the use of atezolizumab/bevacizumab, lenvatinib, cabozantinib and ramucirumab in 

cHCC-CCA. 

To summarize, systemic treatment based on gemcitabine/platinum regimens is the most 

widely used drug but is not supported by a high level of evidence. The role of sorafenib 

remains unknown. 
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Fibrolamellar carcinoma 

 

FLC is a rare primary liver cancer derived from hepatocytes occurring in young adults (sex ratio 

1/1) in normal liver (Figure 3)(67–72). It is characterized by eosinophilic polygonal cells and 

prominent nucleoli with fibrotic tissue surrounding tumor cells at histology(67,72,73). No risk 

factors of FLC development have been identified so far. Most of FLC are diagnosed before 40 

years with a median age of diagnosis ranged from 20-29 years(76–78). FLC are bigger in size 

(9-13 cm) with a higher rate of invasion of lymph node (43-46%) invasion compared to 

HCC(70,74–76). The most frequent localization of metastasis are lung (50%), bone (19.2%), 

and brain (1.9%)(77).  

 

Physiopathology  

At the molecular level, DNJBAB1-PRKCA fusion due to a focal deletion in the chromosome 19 

is identified in almost all FLC and is considered as highly specific but not pathognomonic (Table 

2)(78–80). The same fusion was identified in a some intraductal oncocytic papillary neoplasms 

of the pancreas and bile duct(81,82)(82)(82)(82). A subset of HCC with fibrolamellar-like 

features occurred in non-cirrhotic liver but in older patients and was characterized by both 

BAP1 alterations and an aberrant activation of protein kinase A pathway due to a chromosome 

gain of PRKACA combined with a loss of PRKAR2A (the inhibitory regulatory subunit of 

PKA)(83). These tumors also expressed neuroendocrine and pancreatic markers underlining a 

potential origin from hepato-pancreatic progenitor. Finally, GNAS mutations leading to 

protein kinase A activation were observed in a subset of hepatocellular adenomas with a 

fibrous stroma(84). All these data suggested that protein kinase A activation in the liver was 

associated with “fibrolamellar-like” features and underlined a link between the activation of 

protein kinase A and a hepato-pancreatic progenitor lineage. Finally, rare cases of FLC arising 

in patients with Carney complex were related to PRKAR1A germline inactivating 

mutations(Table 2)(85). PRKCA from the fusion DNJBAB1-PRKCA has a conserved tyrosine 

kinase domain and an enhanced cAMP-stimulated protein kinase A activity. It leads to a 

constitutive activation of PKA pathway and promote malignant transformation of hepatocytes 

in mouse model(86,87)(87)(87)(87). As DNAJB1-PRKACA fusion is a genetic footprint of FLC, it 

could be used to confirm the diagnosis of FLC using FISH or RT-PCR in clinical 

practice(80,88)(88)(88)(88).  

 

Diagnosis  

Most of the time diagnosis is made in a symptomatic patient with abdominal pain and weight 

loss(73). Rarely, obstructive jaundice, gynecomastia in males, encephalopathy, ascites, acute 

liver failure, recurrent thrombophlebitis, anemia, hypoglycemia or Budd-Chiari syndrome can 

reveal FLC(89–91). Differential diagnosis consists of primary liver tumor with fibrosis such as 

some subtype of HCC (especially BAP1 mutated HCC), CCA or focal nodular hyperplasia.  

 

The diagnosis of FLC could be suspected on CT and MRI taking into account the clinical context 

(young patient without chronic liver disease). FLC are usually large and lobulated 

heterogeneous lesions with a central stellate scar seen in 65–70% of the cases and with tumor 
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calcifications and abdominal lymphadenopathy observed in half of the cases (92,93). On MRI, 

FLC show T1-weighted hypointensity and T2-weighted hyperintensity with a central area 

showing hypointense on both T1- and T2-weighted images (92). FLC show heterogeneous 

hyperenhancement on arterial phase with a variable enhancement pattern on portal venous 

and delayed phases at CT scan and MRI(90). Noticeably, FLC never contain fat, and do not 

invade hepatic or portal veins in contrast to classical HCC. FLC are also hypointense on the 

hepatobiliary phase using hepatobiliary contrast agents(94). FLC don’t usually produce 

detectable AFP and less than 10% of patients show increased AFP level above 200ng/mL(89). 

Tumor and non-tumor liver biopsy is advised in most of the cases in clinical practice with the 

exception of patients eligible to surgery in front line whatever the results of the biopsy(91,95). 

High rate of for CK7 and CD68  positive staining on liver samples and low rate of glypican-3 

positive staining could differentiate FLC from regular HCC(96,97). 

 

Treatment 

In a systematic review including 575 patients, those treated with partial hepatectomy (55%) 

had 5-year overall survival reaching 70%(76). Liver resection was associated with a better 

overall survival (OS) in patients with FLC compared to patients with classical HCC (median OS 

of 84.9 vs. 42.9 months, respectively). However, no significant difference in 5-year survival 

could be observed when focusing on FLC and HCC patients without cirrhosis, suggesting that 

the difference observed in the overall population was likely related to the severity of the 

underlying liver disease (69,71,77). Currently, liver resection remains the most effective 

curative-intent treatment option for FLC, aggressive initial surgical resection along with 

regional lymphadenectomy being advised (75,76). 

 

In contrast, results of LT are impaired by a high rate of tumor recurrence leading to a 5-year 

overall survival of 35%(76). However, the absence of selection criteria for patients treated by 

liver transplantation limits the conclusion drawn from these studies(71,76,98). Slightly better 

results were recently reported on 63 patients with an overall survival of 48% at 5 years(99). 

As other indications, liver transplantation should be also discussed according to national 

guidelines. 

Patient with unresectable disease (20 to 25% at diagnosis) are treated with various 

combinations of systemic therapy, with or without locoregional therapies. The role of TACE or 

SIRT alone is also poorly studied in the literature. Chemotherapy regimens were 5-

Fluorouracil  (5-FU) +cisplatin or irinotecan, doxorubicin and gemcitabin+oxaliplatin but few 

patients exhibited radiological response(100). Sorafenib was associated with stable disease in 

4 out of 9 patients and one patient harbored a complete response with anti-PD1 

antibody(101). Moreover, aurora kinase A inhibitors showed a limited anti-tumor effect in a 

phase 2 clinical trial(102). Shutdown of PRKCA pathway and targeting the DNABJ1-PRKACA 

fusion is an appealing therapeutic avenue. If several therapeutic targets have been proposed 

in FLC such as inhibitor of the kinase pocket of the fusion protein or the combination of Hsp70 

and MEK inhibitor(103)(104), currently no efficient targeted therapy has been validated. 

 

Hepatic epithelioid Haemangioendothelioma 

 

HEE is a rare vascular tumor developed on normal liver, characterized by epithelioid and 

histiocytoid vascular endothelial cells in a fibrotic stroma (Figure 4)(105). Tumor cells are 

positive for endothelial marker (facteur VIII related antigen, CD34 and CD31) at 
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immunohistochemistry(105). Tumors cells likely invade pre-existing vascular channels 

including centrilobular veins at the periphery. Some risk factors have been suggested in the 

literature such as oral contraception, vinyl chloride, thorotrast, asbestos, or viral hepatitis 

even if the level of evidence is low(106,107). 

Hemangioendothelioma was described in 1982 as a vascular neoplasia affecting different 

organs with a prevalence of less than one per million(108–110). The most common organ 

involved are liver alone (21%), liver and lung (18%), lung alone (12%) and bone alone (14%) 

but any site in the body can be affected(106,111). HEE is more frequent in female (61% to 

80%)(106,109). The clinical behaviour is heterogeneous  from indolent to aggressive 

behavior(111).  

 

Advances in knowledge of the physiopathology  

Recurrent CAMTA1-WWTR1 fusion due to a translocation t(1;3)(p36.3;q25) with CAMTA1 as 

a calmodulin-binding transcription activator and WWTR1 (coding for TAZ) as a transcriptional 

coactivator is pathognomonic of HEE(Table 2)(112). In cellulo, CAMTA1-WWTR1 fusion results 

in nuclear localization of the fusion protein and lead to a constitutive activation of the hippo 

pathway through a TAZ-dependent transcriptomic program(113). Around 90% of HEE harbor 

the CAMTA1-WWTR1 fusion and this fusion was identified whatever the primary site of 

hemangioendothelioma (114). Moreover, rare YAP1-TFE3 fusion has been identified in HEE 

without CAMTA1-WWTR1 fusion(Table 2)(115,116). Detection of CAMTA1-WWTR1 fusion by 

FISH or RT-PCR or nuclear CAMTA1 expression at immunohistochemistry is useful to confirm 

the diagnosis of HEE as there have not been identified in other human tumors(116,117). 

 

Diagnosis 

A systemic review including 402 patients with HEE reported that 25% were asymptomatic 

whereas right upper quadrant pain (48.6%), hepatomegaly (20.4%) and weight loss (15.6%) 

were the most frequent symptom at diagnosis. Extrahepatic metastasis were observed in 

36.6% of patients(107). HEE could be nodular or diffuse and nodular lesions are usually 

multiple and affect both lobes of the liver.  

A HEE should be suspected in front of multifocal nodules (88%), sometimes coalescent, or 

presence of nodules in subcapsular regions (up to 96%) with a capsular retraction (50 to 80%) 

at imaging(118–120). Presence of a ring enhancement at the tumor periphery on arterial 

phase is observed in 33% of patients with a target appearance on the portal venous phase in 

69% of cases explained by a central fibrosis with a concentric layer of tumor cells and a 

peripheral avascular rim at histology.  On MRI,  HEE harbored a target appearance on the T2-

weighted sequences in 67% and on the diffusion-weighted sequences in 61% patients(120).  

Histology is the gold standard for the diagnosis of HEE with the help of immunohistochemistry 

(endothelial markers factor VIII related antigen, CD34 and CD31). The differential diagnosis 

with hepatic angiosarcoma is sometimes difficult to perform at histology and identification of 

CAMTA1-WWTR1 fusion could be useful to confirm the diagnosis of HEE(121). 

 

Treatment  

Therapeutic option in HEE should take into account tumor burden, extrahepatic metastasis, 

resectability, age and comorbidities. The pattern of progression (stability versus slow or rapid 

progression) should be also assessed before therapeutic decision.  
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A comprehensive review of the literature reported the use of LT in 44.8% of patients, followed 

by no treatment in 24.8%, chemotherapy or radiotherapy in 21% and liver resection in 9.4% 

(107). The results of LT for HEE were reported in multicentric database of 131 patients  with a 

5-year overall survival of 77.2%(122). Moreover, patients with extrahepatic metastasis could 

achieve prolonged survival after LT (up to 78% at 10 years)(123). 

Risk factors for recurrence after LT were macrovascular invasion, waiting time of less than 3 

months and LN metastasis(124). Retrospective study has suggested that resection or LT in HEE 

could achieved the same outcomes with the limit of inclusion of more advanced stages in 

patients treated by LT(125). As HEE is often a bilobar disease rarely amenable to liver 

resection, LT might be the best option even for patients with extrahepatic metastasis (126).  

 

In non-resectable or non-transplantable patients, different systemic treatments such as 

interferon alpha, thalidomide, doxorubicin, intra-arterial 5-fluorouracil,bevacizumab has been 

used in a very limited number of cases(121). Sorafenib used in a pilot study of 15 patients 

affected by HEE of different localization, the median progression-free survival was 6 months 

(127). In a subset of patients with indolent disease, careful follow-up can be an option, recent 

data  reporting a 10-years OS of 41% in selected patients (128,129). As no systemic treatment 

is currently approved for the treatment of HEE, a better understanding of the biological 

consequences of CAMT1-WWTR1 fusion can be helpful in order to identify new targeted 

therapy. 

 

 

Hepatic angiosarcoma 

 

HAS is a high-grade aggressive mesenchymal malignancy defining a subtype of soft-tissue 

sarcoma composed of malignant endothelial tumoral cell of vascular or lymphatic origin 

developed mostly on normal liver (Figure 5). HAS is exceptional with an incidence estimated 

at 0.5-2.5 cases for 10,000,000 persons developed mostly in males(ratio 3:1)(130–132). In the 

sixties, 25% of HAS were associated to environmental risk factors such as vinyl chloride 

monomer, thorotrast, anabolic steroids and arsenic(133). HAS associated due to vinyl chloride 

monomer could be developed on cirrhosis (up to 20 to 43%)(134–136). With the control of 

exposure to vinyl chloride in workers in the 70s, the incidence of HAS declined(137,138).  

 

Physiopathology  

Overall, few data on molecular analysis is currently available. KRAS mutations have been 

described in sporadic cases as well as TP53 mutations in vinyl chloride related HAS and 

recently a ROS1-GOPC/FIG fusion has been identified in one HAS(139–141).   

 

Diagnosis  

Most of the time, patients with HAS have symptoms at presentation such as abdominal pain, 

fatigue, weight loss, hepatosplenomegaly, ascites, jaundice, and anemia. The intraperitoneal 

rupture of HAS was reported in 15–27% of patients(142). HAS has a very aggressive behavior 

and poor prognostic factors are older age, large tumor size and high Ki-67 index(130,132). 219 

patients analyzed in a recent systematic review have an average age of 56.7 years and 31.5% 

of distant metastasis. The median overall survival time was 6 months, with a 2-year survival 

of 17.3%(143). 
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At contrast-enhanced imaging, HAS is usually multifocal and with heterogeneous patterns 

such as a progressive enhancement without washout at the portal and delayed phase. 

Progressive centripetal or diffuse “flash-fill” enhancement pattern (“reverse haemangioma”) 

with centrifugal enhancement have also been reported(135,144). HAS often contain 

hemorrhagic area resulting in heterogeneous lesions on MRI with hyperintense zones on T1WI 

and hypointense on T2WI(144). 

 

Some controversy exists about the performance of liver biopsy and about a potential high risk 

of bleeding (136,142,145). However, histology remains the gold standard for the diagnosis of 

HAS and liver biopsy is required to confirm the diagnosis(132). HAS is heterogeneous at 

histology ranging from well-defined anastomotic vessels (vasoformative) to solid sheets of 

epithelioid or spindled cells without vasoformation with different patterns sometimes mixed 

in the same tumors(130). HAS expresses ERG and endothelial markers as CD31 and CD34 at 

immunohistochemistry(146).  

 

Treatment 

Surgical resection seems the best therapeutic option offering a median survival between 17 

and 19 months(142,147). All the studies about LT confirmed the limited survival (around 6 

months) with most of patients dying from tumor recurrence explaining why HAS is a 

contraindication to LT (148,149). It is important to note that only 30% of patients had a known 

pre LT diagnosis of HAS(125). 

 

Transarterial embolization is frequently used to treat tumor bleeding with a limited impact on 

survival(143). There is no approved chemotherapy regimen for non-resectable liver HAS. 

ESMO guidelines on Sarcomas reports that angiosarcomas in general are sensitive to taxanes, 

reporting gemcitabine as an alternative alone or in combination with docetaxel(150). 

 In a phase II trial including three primary liver angiosarcomas in  patients with metastatic or 

unresectable disease weekly paclitaxel achieved a progression-free survival rates of 74% and 

45% at 2 and 4 months respectively, with a median overall survival of 8 months(151). Palliative 

chemotherapy such as 5-FU with doxorubicin or ifosfamide, carboplatin, bevacizumab or 

sorafenib have been reported mostly in case reports or small series with limited radiological 

response and poor survival(132). Due to the rarity of this cancer the management of HAS 

should be made in centers with multidisciplinary expertise on sarcomas.  

 

Conclusion 

 

Despite several advances in the last decades mainly in the field of physiopathology, rare PLC 

suffer from their condition of orphan diseases with pitfalls in term of diagnosis and limited 

availability of dedicated prospective collection of clinical data and limited cases to clinical 

trials. Moreover, grants dedicated to these PLC are lacking and pharmaceutical companies are 

rarely interested in the development of new drugs for these patients. In order to bypass these 

limitations, large international consortiums are needed in the future to rise grant to run large 

prospective cohort and better define rare PLC in term of physiopathology and clinical 

behavior. This cooperative network will be also the basis of future clinical trials. 
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KEY POINTS:  

1) Recent consensus has reclassified pure cholangiolocarcinoma in CCA whereas cHCC-

CCA are characterized histologically by the presence of two distinct morphological 

patterns in the same lesion 

2) A unique genetic alteration drives the pathogenesis of fibrolamellar carcinoma 

(DNJBAB1-PRKCA fusion) and hepatic haemangioendothelioma (CAMTA1-WWTR1 

fusion) 

3) Combination of evocative imaging followed by histological evidence, mainly using 

tumor and non-tumor biopsy, are required for the diagnosis of rare PLC 

4) Liver resection is the main treatment of rare PLC when feasible 

5) No systemic or locoregional therapies are currently validated in the treatment of any 

of unresectable PLC 

6) Liver transplantation is validated for hepatic hemangioendothelioma even in a 

metastatic setting whereas is still an area of research for small cHCC-CCA 
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Table 1: recent data on risk factors of hepatocholangiocarcinoma  
 
 

Author Country 
Numbers of 

patients 

Advanced 

fibrosis 
HCV HBV Alcohol 

Metabolic 

Syndrome 

Sasaki et al. 

2017(26) 
Japan 53 

14/24 

(58%) 

9/19 

(47%) 

9/44 

(21%) 

2/19 

(11%) 

3/19 

(16%) 

Zhou et al 

2017(152) 
China 144 

91/144  

(63.2%) 
- 

101/144 

(70%) 

29/144 

(20%) 
- 

Xue et al. 

2019(28) 
China 121 

54/115 

(47%) 

2/115 

(2%) 

89/115 

(77%) 
- - 

Okumura et al 

2020(153) 
Japan 89 

30/89  

(34%) 

29/89 

(33%) 

37/89 

(43%) 
- - 

Gentile et al 

2019(18) 

Systematic 

Review 
437 

226/437  

(52%) 

39/437 

(9%) 

264/437 

(60%) 
- - 

Wells et al 

2015(21) 
USA 39 

12/39  

(31%) 

9/39 

(23%) 
0/39 

3/39 

(8%) 

2/39 

(5%) 

Gigante et al 

2019(22) 
France 20 

10/20  

(50%) 

1/20 

(4%) 

3/20 

(15%) 

8/20 

(40%) 

6/20 

(30%) 

De Martin 

2020*(54) 
France 31 

31/31  

(100%)* 
- - 

40/75 

53% 
- 

Holzner 

2020(53) 
USA 47 

20/47  

(43%) 

15/47 

(32%) 

22/47 

(47%) 
- - 

We included recent studies with histologically confirmed (Goodman transitional type (type II)/Allen 

and Lisa type B or C/WHO classical type tumors and stem cell type with exception of CLC, studies 

already included in the systematic review (Genttile et al. 2019) are not shown.  

*Study including only lesions on cirrhosis. Data about risk factor prevalence are relatives to the entire 

cohort of cHCC-CCA and iCCA 
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Table 2: genomic alterations in rare primary liver cancers 

 

Study Classification 
Type of 
analysis 

N patients 
Subtypes 

Fibrosis 
(F3-F4) 

Somatic genetic alterations  

Hepatocholangiocarcinoma 

Cazals-
Hatem 

2004(154) 

Lisa et Allen 
1949 

Target sanger 
sequencing 

14 mixed, 1 fibrolamellar 
HCC  3 collision tumors  

3/15 TP53  

Fujimoto 
2015(23) 

WHO  
2010 

WGS and  
RNA-seq 

30 Liver cancer 
with biliary phenotype  
   7cHCC-CCA +2CLC 

4/9 
TERT promoter 53%, PBMR1 20%, ARID2 

27% 

Sasaki 
2017(26) 

WHO  
2010 

Target sanger 
sequencing + 

IHC 

53 mixed tumors 
4 CT, 4 TS, 20 INT, 25 CLC 

38/53 

cHCC-CCA: TERT 50%, TP53 25%, KRAS 
50% ARID1A 0% 

Intermediate: TERT  42%, TP53 58%, , KRAS 
5%, ARID1A 11% 

Moeini 
2017(27) 

WHO  
2010 

Microarray, 
DNA copy 
number,  

WES 

18 mixed tumors 
6 CLC / 8SC / 4CT 

10/18 
CLC: TP53 and IDH1  

cHCC-CCA: TP53, TERT promoter, BRAF, 
FGFR2-BICC1 fusion 

Liu  
2018(24) 

WHO  
2010 

WGS, WES 
and RNA-seq 

4 cHCC-CCA  
not specified 

NA TP53, CTNNB1 and ARID1A 

Wang  
2018(30) 

WHO  
2010 

WES 7 cHCC-CCA NA TP53 and ARID2  

Xue  
2019(28) 

Lisa et Allen 
1949 

WES, WGS, 
RNA-seq, 

 

121 tumors:  6 separate 
type, 56 combined type, 59 

mixed type. 

54/115 
 

TP53 49% , TERT promoter 23%, AXIN 10%, 
KMT2D 9%, KEAP1 8%, ARID1A 8%, RB1 

8%, CTNNB1 6%, IDH1 5%   

Joseph 
2019(25) 

Consensus  
2019 

Target next-
generation 
sequencing 

 
20CT 

15/18 
TP53 (80%), TERT (70%), ARID1A (15%), 
CTNNB1 (10%), AXIN1 (10%), KRAS (5%) 

Sasaki 
2019(29) 

Consensus  
2019 

Target 
sequencing + 

IHC 
9 CT 6/9 

TP53 (66%), TERT promoter (33%), KRAS 
(22%) 

Fibrolamellar carcinoma 

Honeyman 
2014 
(78) 

NA RNA seq 15 FLC 0 DNAJB1-PRKACA fusion (100%) 

Cornella 
2015(79) 

NA 
FISH 
WES 

78 FLC 0 
DNAJB1-PRKACA fusion (79%) 

BRCA2 (4.2%) 

Graham 
2015(80) 

NA 
RT-PCR  

FISH 
26 FLC 0 DNAJB1-PRKACA fusion (100%) 

Graham 
2018(85) 

NA 
FISH 
NGS 

3 FLC without DNAJB1-
PRKACA fusion 

0 
PRKAR1A (100%) in patients with Carney 

syndrome and FLC 

Graham 
2018(155) 

NA FISH 
104 typical FLC, 12 probable 

FLC and 9 unlikely FLC 
0 

99% DNAJB1-PRKACA fusion in typical, 75% 
in probable and 0% in unlikely FLC 

Hepatic haemangioendothelioma 

Tanas 
2011 (112) 

NA 
RNA seq 

FISH 
47 haemangioendothelioma 
(hepatic and non-hepatic) 

0 89% WWTR1-CAMTA1 fusion 

Errani  
2011(114) 

NA FISH 
17 haemangioendothelioma 
(hepatic and non-hepatic) 

0 100% WWTR1-CAMTA1 fusion 

Antonescu  
2013(115) 

NA FISH 
10 haemangioendothelioma 
without WWTR1-CAMTA1  

0 
100% YAP1-TFE3 fusion (in tumors without 

WWTR1-CAMTA1 fusion) 

Flucke 
2014(156) 

NA 
FISH  

RT-PCR 
35 haemangioendothelioma 
(hepatic and non-hepatic) 

0 
94% WWTR1-CAMTA1 and 6% YAP1-TFE3 

fusion   

Patel  
2015(116) 

NA RT-PCR 
18 haemangioendothelioma 
(hepatic and non-hepatic) 

0 
78% WWTR1-CAMTA1 and 6% YAP1-TFE3 

fusion   

 
Molecular alterations of HAS were not represented as very few data are currently available in the literature 
CLC = cholangiolocarcinoma, WES = whole exome sequencing, WGS = whole genome sequencing, IHC = 
immunohistochemistry, CT = classical type, TS = typical subtype, INT = intermediate subtype, CLC = 
cholangiocellular subtype, SC= stem cell subtype, EMT= epithelio-mesenchymal transition 
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Figure 1: main characteristics of hepatocholangiocarcinoma 
We figured the main genetic alterations, clinical, histological and pathological and radiological features 
as well the treatment available of cHCC-CCA 

 
Figure 2: histological and radiological features of hepatocholangiocarcinoma 
In the upper panel we represented classical cHCC-CCA (upper panel, left) with the HCC (positive for 
Glypican 3) and CCA (positive for CK7) components as well as intermediate cell carcinoma (positive 
for CD133) (upper panel, right) 
In the middle panel we represented HCC with stem cell features (middle panel, left) at 
immunohistochemistry (positive for Glypican 3 and for CK19) and cholangiolocarcinoma recently 
reclassified as iCCA (middle panel right). 
In the lower panel, we figured an example of a MRI of cHCC-CCA with a well-delineated 
heterogeneous lesion with capsular retraction. The lesion harbored progressive delayed enhancing 
areas mixed with areas with arterial enhancement and washout. 

 
Figure 3:  main characteristics of fibrolamellar carcinoma 
We figured the main genetic alterations, clinical, histological and pathological and radiological features 
as well the treatment available of FLC 

 
Figure 4:  main characteristics of hepatic haemangioendothelioma 
We figured the main genetic alterations, clinical, histological and pathological and radiological features 
as well the treatment available of HEE 

 
Figure 5: main characteristics of hepatic angiosarcoma 
We figured the main genetic alterations, clinical, histological and pathological and radiological features 
as well the treatment available of HAS 
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Figure 1

Treatment

Liver resection+++

Transplantation: clinical trial only
TACE: Not resectable, hypervascular and no 

metastasis
Gemcitabin/platinum or sorafenib: not 

resectable and hypovascular or with metastasis

Genetic alterations
TERT promoter 20 to 50%

TP53 25 to 49%
AXIN1 10%

ARID1A 8 to 15%
CTNNB1 6 to 10% 
IDH1 5% KRAS 5%

Epidemiology and risk factors
2-5% of primary liver cancer

Predominance of male
Cirrhosis: 20 to 50%

Risk factors: HBV, HCV, alcohol

Imaging

Major features
Delayed enhancing areas mixed 

with areas with arterial
enhancement and washout
Capsular retraction, bile duct

dilation and lymph nodes in HCC-
like lesions

Venous invasion in iCCA-like lesions

Histology
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Presence of hepatocytic and 

cholangiocytic histology mixed with a 
transition or separated areas within

the same tumor

Hepato-
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carcinoma
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Figure 2

Imaging features of hepato-cholangiocarcinoma

HCC with stem cell features Pure Cholangiolocarcinoma

Hepato-cholangiocarcinoma
Combined HCC-CCA Intermediate cell carcinoma

Glypican 3 CK19

CD 133
Glypican 3 CK7

HCC part CCA part



Figure 3

Treatment

Liver resection+++

Transplantation: exceptionnally
Systemic chemotherapy ?: Not resectable

Genetic alterationsEpidemiology and risk factors
< 30 years old
Sex ratio 1/1
Normal Liver

No risk factors identified
Metastasis+++

Imaging

Major features
Lobulated tumor with stellate

central areas with calcifications
Heterogeneous arterial phase 

hyperenhancement with delayed
iso-hypo appearance

No fat, no venous invasion

Histology

Major features
Well-limited tumoral nodule with a 

fibrous scar
Large eosinophilic tumoral 

hepatocytes with fibrolamellar
fibrous stroma

Fibrolamellar
carcinoma

DNJBA1-PRKCA fusion++++ (99-100%)
PRKAR1A germline inactivating mutations 

(rare, Carney syndrome)

DNJAB1 PRKCA



Figure 4

Treatment

Liver resection: resectable disease

Transplantation++: multifocal progressive non 
resectable disease, extrahepatic metastasis is

not a contre-indication
Surveillance: indolent disease

Systemic chemotherapy ?: progressive disease, 
not resectable, not transplantable

Genetic alterationEpidemiology and risk factors
Prevalence < one/million 

Normal liver
Female predominance
Frequent metastasis

Indolent to agressive behaviour

Imaging

Major features
Multiple bilobar hypoattenuating

subcapsular lesions
Halo/target enhancement

Capsular retraction.

Histology

Major features
Fibrous nodule with hyperhemic

periphery
Epithelioid tumoral cells, mild
atypias, cytoplasmic vacuoles

CD31 positive

Hepatic
Haemangio

endothelioma

CAMTA1 WWTR1

YAP1 TFE3
CAMTA1/WWTR1 fusion 94%

YAP1/TFE3 fusion  6%
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Figure 5

Treatment

Liver resection++: resectable lesion

Transplantation: contra-indication

Systemic chemotherapy : unresectable disease

Genetic alterations
KRAS mutation in sporadic cases
TP53 mutation in case due to 

vinyl chloride
Few data available

Epidemiology and risk factors
0.5-2.5 for 10,000,000 persons

Male predominance
Risk factors: vinyl chloride, 

thorotrast, anabolic steroid , 
arsenic 

Rarely on cirrhosis

Imaging

Major features
Multifocal large masses

Heterogeneous areas with
hemorrhage

Heterogeneous, nodular and 
progressive  enhancement

Histology

Major features
Highly cellular proliferation

Ill-defined spindle shaped-cells
Tumoral cells are erg positive 

(nuclear staining)

Hepatic
angiosarcoma

ERG
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