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1. Introduction

There are many types of benign liver tumors with 
different histomorphology, clinical biological behavior, 
and imaging findings. Based on the molecular phenotype 
of tumors, their histological and imaging features, as well 
as their histopathological classification, the World Health 
Organization classifies these tumors into three major 
categories. The first category includes hepatocellular 
adenoma (HCA), focal nodular hyperplasia (FNH), 
intrahepatic bile duct adenoma, bile duct hamartoma, 
intrahepatic bile duct cystadenoma, and biliary 
papillomatosis; the second category includes hepatic 
hemangioma (HH), angiomyolipoma, lymphangioma 
and lymphangiomatosis; and the third category includes 
teratomas and solitary fibrous tumors (1). The precise 
prevalence of these lesions in the population is unknown, 
but autopsy series have reported an incidence of up to 
50% for these tumors (2).
 With the widespread availability of imaging 
techniques such as ultrasound, computed tomography 
(CT), and magnetic resonance imaging (MRI), the 
likelihood of detecting a liver mass in asymptomatic 
patients has increased (3). At the same time, the 
accuracy of non-invasive diagnosis of benign liver 
tumors is increasing, reducing the need for a histological 
examination to distinguish between benign and 

malignant tumors. In recent years, MRI with specific 
contrast agents has been proven to be the most accurate 
and specific radiological tool for diagnosing benign liver 
tumors. More importantly, imaging features can indicate 
molecular subtypes of HCA (4-6). Imaging follow-up for 
benign liver tumors appears to be increasingly feasible 
and reasonable (2,7).
 Surgical indications for benign liver tumors have 
been controversial, but generally observation is preferred 
(8). However, the development of minimally invasive 
liver resection techniques has the potential to reduce 
surgical costs and increase postoperative benefits for 
treatment of benign liver tumors compared to open 
hepatectomy. This may lead to overtreatment of some 
benign liver tumors (9). The technical training required 
of the surgeon may also potentially influence surgical 
indications. In addition, as the etiology, pathogenesis, 
and natural history of HH, FNH, and HCA continue to 
be researched, they are classified in more detailed and 
disease progression can be predicted more accurately 
(10). New clinical, biological, and molecular tools 
have gradually been incorporated into diagnostic and 
therapeutic algorithms for the classification of benign 
liver tumors and improvement of patient management, 
resulting in changes to surgical indications.
 This article reviews the latest relevant literature and 
discusses surgical indications for HH, FNH, and HCA.
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Hepatic hemangioma, focal nodular hyperplasia, and hepatic adenoma are the most common benign 
solid liver tumors. However, their surgical indications have been the subject of debate. Minimally 
invasive liver resection reduces the cost of surgery and may lead to overtreatment of benign liver 
tumors. Recently, there has been a growing understanding of the etiology, pathogenesis, and natural 
history of these tumors. Great progress has also been made in imaging. The use of MRI and contrast 
agents has improved the accuracy of non-invasive diagnosis of these tumors, and especially in 
the identification of specific molecular subtypes of liver adenoma. These factors have resulted in 
alterations of surgical indications for these tumors. This article examines recent literature and it 
discusses the surgical indications for hepatic hemangioma, focal nodular hyperplasia, and hepatic 
adenoma while summarizing modifications in clinical management.
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2. Hepatic Hemangioma (HH)

HH is the most common solid benign liver tumor, with 
an incidence of 1-20% and a rate of detection of 7% in 
autopsy studies. It is more common in females (female: 
male ratio = 5:1), and the average age at diagnosis is 
around 50 years (11). This lesion originates from the 
proliferation of vascular endothelial cells and is usually 
a hypervascular lesion with well-defined boundaries. 
Most hemangiomas are cavernous, liver function tests 
are normal, and there is no possibility of malignant 
transformation (12). The risk factors contributing to the 
development of HH are currently unknown, as is the 
pathophysiology of these hypervascular lesions. The 
incidence of HH is higher in female patients, raising 
suspicions about the association between estrogen and 
HH. Moreover, angiogenesis has been clearly linked to 
estrogen. However, subsequent studies have confirmed 
that HHes do not express estrogen or progesterone 
receptors and there is no significant difference in the 
growth pattern of hemangiomas between males and 
females, thus ruling out a relationship between estrogen 
and HH (13). Therefore, oral estrogen contraception can 
be used safely and pregnancy does not pose a risk (10).

2.1. Imaging

HH is usually diagnosed by chance. Most cases are 
detected and diagnosed by ultrasound, while other 
suspected cases can also be diagnosed by CT and 
MRI (10,14). A study of 151 HH patients found that 
only four patients had a radiographically inconclusive 
diagnosis related to hemangioma over the ten-year study 
period, and no patient had a preoperative diagnosis 
of hemangioma that was ultimately inconsistent with 
postoperative pathology (2). Hepatectomy to rule 
out malignancy is very rare in the treatment of HH. 
Generally, HH can be easily diagnosed through imaging.

2.2. Natural history

Most hemangiomas increase in size at a slow rate of 
about 2 mm per year, with an increase in volume of 
approximately 17.4% per year (15). A study indicated 
that the growth peak for hemangiomas (<30 years 
old) was 0.46±0.41 cm per year, and the growth rate 
decreased significantly after age 50 to 0.21±0.40 cm per 
year. When the size of the hemangioma reaches 8-10 cm, 
there is another peak in its growth rate of 0.80±0.62 cm 
per year. However, when the size exceeds this range, the 
growth rate rapidly decreases to 0.47±0.91 cm per year 
(13). HHes typically exhibit a slow growth pattern, with 
minimal risk of complications during the progression 
phase, thus resulting in a non-surgical intervention as the 
prevailing approach for most patients.

2.3. Surgical indications

In the case of incidentally detected asymptomatic HHes, 
neither treatment nor imaging follow-up is warranted 
until clinical symptoms suggestive of hemangioma 
manifest (8). Hepatectomy is necessary for patients with 
significant hemangioma-related clinical symptoms, but 
the potential surgical risk and extent of postoperative 
alleviation of symptoms need to be carefully considered.
	 Large	hemangiomas	(giant:	≥	5	cm,	super	large:	≥	10	
cm) are believed to be associated with clinical symptoms 
mainly due to compression, such as abdominal pain, 
obstructive jaundice, and decreased appetite (16). 
A tumor size greater than 5 cm is considered to be a 
predictor of clinical symptoms associated with HH (17). 
Therefore, hemangioma equal to or larger than 5 cm has 
long been regarded as a surgical indication. However, 
a point worth noting is that caution should be exercised 
when associating clinical symptoms with HH. Other 
causes such as gallstones and gastroduodenal diseases 
should be ruled out. Studies have indicated that about 
25% of patients experience persistent symptoms after 
liver resection (11,18). Another study also suggested that 
surgery for 5-10 cm asymptomatic hemangiomas should 
be limited (19). Comprehensive considerations must be 
made before making surgical decisions. Table 1 shows 
the main surgical indications cited in recent studies.
 Rupture of a growing hemangioma is also a 
concern that can cause anxiety. Although hemangioma 
rupture is a mandatory indication for surgery, a 
study has indicated that the risk of spontaneous 
rupture and bleeding is extremely low even for large 
hemangiomas, and especially for those deep in the liver 
(20). Kasabach-Merritt syndrome is a rare disorder 
caused	by	large	hemangiomas	(≥	10	cm)	that	results	in	
thrombocytopenia and consumptive coagulopathy (21). 
It is also one of the mandatory surgical indications, 
and orthotopic liver transplantation has been reported 
in severe cases (22). These rare conditions should 
not affect the routine management of HH patients. A 
multicenter retrospective study also noted that serious 
complications associated with the observation period 
were very rare, and surgical treatment of hemangiomas 
should be carefully considered (23). Surgery is 
inevitable in cases involving HH and hepatocellular 
carcinoma (HCC) that pose challenges in imaging-
based differentiation or that exhibit significantly 
elevated oncologic indicators (19).

2.4. Surgery

Both anatomical hepatectomy and enucleation are 
effective surgical approaches that should be decided 
based on the specific location of the lesion. Enucleation 
is appropriate for a superficial hemangioma with a clear 
border with the liver, which allows for more preservation 
of liver parenchyma. Enucleation does not lead to bile 
leakage and reduces the risk of bleeding because there 
is no Glisson system crossing the HH and parenchymal 

326



www.biosciencetrends.com

BioScience Trends. 2023; 17(5):325-334.BioScience Trends. 2023; 17(5):325-334. 327

FNH is the second most common solid benign liver 
tumor, with a reported rate of detection of 3% in autopsy 
series (6) and an estimated prevalence in the global 
population of approximately 1%. FNH is highly prevalent 
among women (female: male ratio = 8:1), and it typically 
occurs between the ages of 30 and 50 years (32). FNH is 
thought to be caused by portal vein injury, which leads 
to the formation and enlargement of arterial-to-venous 
shunts. This causes hyperperfusion and oxidative stress 
in local arteries, triggering a hepatic stellate cell response 
that produces a central scar (33). The development of 
hyperplasia is restricted to the vascular region. In most 
cases, FNH is isolated and smaller than 5 cm; only about 
20% are multifocal (8). In the vast majority of cases, 
FNH has a consistent size and little chance of becoming 
malignant (14). Estrogen is highly unlikely to be 
associated with FNH, so pregnancy, oral contraceptives, 
or anabolic steroids are not contraindicated (32).

3.1. Imaging

FNH is usually asymptomatic and is incidentally 
diagnosed by imaging. The tumor is well-circumscribed 
and non-encapsulated, characterized by a central 
fibrous scar with a fibrous septum radiating from 
the center in a "spoke-wheel" pattern, surrounded by 
normal hepatocytes (6). The imaging features of FNH 
are very similar to its histological manifestations, 
and central scarring is present in about 50% of cases 
regardless of whether imaging is by ultrasound, CT, or 
MRI (14,33). The use of hepatobiliary contrast agents, 
such as Eovist and Gd-EOB-DTPA, enables MRI to 
distinguish between FNH and hepatic adenomas due to 
the presence of bile ducts within the FNH that absorb 
contrast medium in the delayed phase, while hepatic 
adenomas do not (34). Studies have reported that 
hepatobiliary contrast-enhanced MRI has a sensitivity 

boundary of the liver. If this condition is not met, 
anatomical hepatectomy should be selected.
 Transarterial embolization (TAE) has also been 
used in the treatment of HH, initially mainly for high-
risk patients who are not candidates for hepatectomy 
or to temporarily stop bleeding in patients with 
ruptured HH. More recently, superselective transarterial 
chemoembolization (TACE) with bleomycin has been 
used for the safe and effective treatment of giant HHes. 
Clinical remission was achieved in all patients, with  a 
mid-term	(≥	3	years)	and	long-term	(≥	5	years)	tumor	
reduction of 85.2% and 86.5%, respectively (24). 
However, considering the benign characteristics of HH 
and especially its amenability to conservative treatment, 
a more careful discussion is needed to determine 
whether the use of chemotherapy drugs for benign 
diseases is reasonable. In addition, limitations of this 
technique include other complications associated with 
embolization, such as migration of the embolic agent 
to other organs, pain, nausea, fever, liver abscesses, 
and sepsis. Despite complete ablation of the lesion, 
radiofrequency ablation (RFA) has been reported to have 
a high complication rate for the treatment of HH (25,26). 
Insufficient data on the rationale and efficacy of TACE 
and RFA in treating HH do not support recommending 
them as first-line treatment.
 HH in children is a special condition. Infantile HH 
grows rapidly in the first year, followed by spontaneous 
recurrence in most cases, which can lead to elevated 
AFP levels, abdominal pain, congestive heart failure, 
Kasabach-Merritt syndrome, or hypothyroidism (27,28). 
For symptomatic children, glucocorticoids and/or 
propranolol can be used as first-line medical therapy 
while TACE and hepatectomy are second-line options 
(29-31).

3. Focal Nodular Hyperplasia (FNH)

Table 1. Surgical indications for hepatic hemangioma cited in recent studies

Literature

Miura et al. (2014) (23)

Practice Parameters Committee of the 
American College of Gastroenterology 
(2014) (33)
Brazilian Society of Hepatology (2015) 
(21)

European Association for the Study of 
the Liver (EASL) (2016) (8)
Yuan et al. (2022) (13)

Aziz et al. (2022) (18)

Country or region

United States

United States

Brazil

Europe

China

United States

Type of literature

Multicenter retrospective 
study

Clinical guideline

Clinical recommendations

Clinical guideline

Observational study

Review

Surgical indications

Abdominal symptoms; anxiety (patient's willingness to 
undergo surgery); tumor enlargement; life-threatening 
complications (such as traumatic rupture)
Tumor size >10 cm; symptoms of compression; recurrent 
abdominal pain

Large tumors with compression symptoms; rare 
complications (such as tumor rupture); Kasabach-Merritt 
syndrome
Tumor enlargement; symptoms of compression; Kasabach-
Merritt syndrome
Only severe complications (such as Kasabach-Merritt 
syndrome, spontaneous rupture, obstructive jaundice, 
gastric outlet obstruction, Budd-Chiari syndrome)
Uncertain diagnosis; tumor enlargement; certain 
occupation or hobbies are associated with the risk of 
abdominal trauma; compression of organs or blood vessels 
(gastric outlet obstruction, Budd-Chiari syndrome); 
Kasabach-Merritt syndrome
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of 90 to 96.9% and a specificity of 91 to 100% for 
differentiating FNH from hepatic adenoma (6,14). The 
combination of typical imaging features with contrast-
enhanced ultrasound (CEUS), CT, or MRI has close 
to 100% specificity in diagnosing FNH, and CEUS 
performs better than MRI in detecting small (< 3 cm) 
FNH without central scars (8).

3.2. Natural history

The natural history of FNH is unremarkable, acute 
complications are rare, changes in tumor size over 
time are not significant, and there is no evidence that 
FNH undergoes malignant transformation (11). Only 
a very small number of patients with FNH present 
with clinical symptoms, and assessing the relationship 
between clinical symptoms and FNH is difficult. 
A higher proportion of liver tumors in children is 
malignant, making a definitive diagnosis even more 
important. Although FNH in children is more likely to 
cause symptoms, management protocols are generally 
consistent with those in adults (35).

3.3. Surgical indications

Surgical resection can significantly improve the 
quality of life in patients with definite symptoms (36). 
Symptoms are specific to the tumor's aspects, such as 
stomach compression caused by a large FNH in the left 
lobe of the liver or abdominal pain from acute torsion of 
a pedicled tumor. Asymptomatic FNHs do not require 
treatment or follow-up regardless of size or number (33). 
Malignant transformation of FNH or acute complications 
such as tumor bleeding and rupture are also extremely 
rare (11), so prophylactic treatment is unnecessary (37). 
When imaging studies cannot distinguish between 
FNH and HCC, surgical resection and pathological 
examination are preferred. Liver biopsy may be required 
if surgical resection is difficult, but it is not routinely 
recommended due to its high false negative rate of 30% 
(14,33). Table 2 shows the main surgical indications cited 
in recent studies.

3.4. Surgery

Hepatectomy is preferred over enucleation due to the 
frequent presence of large blood vessels around the 
lesion. Methods that preserve more liver parenchyma 
are chosen during hepatectomy unless malignancy is 
suspected (14). Two small case series have reported 
that TACE can reduce the size of FNH in adults and 
children and relieve symptoms (38,39). Currently, there 
is no consensus on the choice of embolization material 
for TACE (40). RFA has also been reported to be an 
effective treatment for symptomatic FNH (41,42). 
Despite the increasing use of TACE and RFA, however, 
there is currently insufficient evidence to support their 
use as first-line treatment options.

4. Hepatocellular Adenoma (HCA)

HCA is the third most common solid benign liver tumor, 
with a prevalence of less than 0.05% in the general 
population and a higher incidence in women (female: 
male = 9:1) (6). The presence of more than 10 adenomas 
is referred to as hepatic adenomatosis. Unlike HH and 
FNH, hormones are closely related to the development 
and progression of HCA. Recently, the major risk factors 
for HCA have shifted from oral contraceptives to obesity 
and metabolic syndrome (43). Elevated androgen levels, 
steroid abuse, and obesity are also associated with HCA 
(44). In addition, several rare genetic syndromes, such as 
glycogen storage disorders type I and type III, maturity-
onset diabetes of the young type 3 (MODY3), and 
McCune-Albright syndrome, have been significantly 
associated with the development of HCA (45).

4.1. Pathological molecular subtypes

At present, at least eight different HCA subtypes have 
been identified based on molecular pathology, each with 
distinct histopathological features, clinical characteristics, 
complications and risks of malignant transformation, 
as well as unique management recommendations. 
The most common subtypes are inflammatory HCA 

Table 2. Surgical indications for focal nodular hyperplasia cited in recent studies

Literature

Practice Parameters Committee of the 
American College of Gastroenterology 
(2014) (33)
Margonis et al. (2015) (14)

European Association for the Study of 
the Liver (EASL) (2016) (8)
Perrakis et al. (2017) (37)

Fodor et al. (2018) (11)

Nault et al. (2022) (10)

Country or region

United States

United States

Europe

Germany

Austria

France

Type of literature

Clinical guideline

Review

Clinical guideline

Review

Review

Review

Surgical indications

Definite tumor-related symptoms

Definite tumor-related symptoms (such as pain, rupture, and 
bleeding); suspected malignant tumor or hepatic adenoma
Definite tumor-related symptoms; pedunculated, enlarged, or 
exogenous
An uncertain diagnosis and a history of malignancy; clinical 
symptoms; tumor enlarged during follow-up
Definite tumor-related symptoms; imaging and biopsy could not 
rule out malignancy
Abdominal pain, compression of surrounding organs
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(IHCA), HNF1α inactivated	HCA	(HHCA),	β-catenin 
exon	3-mutated	HCA	(βex3-HCA),	β-catenin exon 7 or 
8-mutated	HCA	(βex7,8-HCA), sonic hedgehog HCA 
(shHCA), and unclassified HCA (10, 44, 46). The 
characteristics, risks of complications, and management 
strategies of specific subtypes of HCA are shown in 
Table 3.

4.2. Imaging

Approximately 35% of HCAs are incidentally diagnosed 
by imaging (44) , and MRI is the best choice for 
diagnosis and classification. HCA is sometimes difficult 
to distinguish from other hypervascular tumors due 
to the pseudocapsule surrounding it, and the imaging 
findings of HCA vary greatly between subtypes. The 
use of a contrast agent in MRI can better distinguish the 
subtypes of HCA based on the two pathological features 
of fat and telangiectasia. For example, the atoll sign and 
hyperintensity are used to distinguish IHCA; scarring 
and	hyperintensity	 are	used	 to	distinguish	β-HCA;	
and steatosis and hypointensity are used to distinguish 
HHCA (47). Contrast-enhanced MRI is reported to 
have a sensitivity of 87-91% in diagnosing HHCA 
and a specificity of 89-100%. Contrast-enhanced MRI 
has a sensitivity of 85-88% in diagnosing IHCA and a 
specificity of 88-100% (48). The diagnostic accuracy 
of contrast-enhanced MRI is increasing. A recent study 
found that gadoxetate disodium-enhanced MRI had an 
accuracy rate of 98% for diagnosing HHCA, 83% for 
IHCA,	and	95%	for	β-HCA	or	β-IHCA	(49).
	 β-HCA	 and	 unclassified	HCA	 can	 sometimes	
appear atypical on imaging, making them difficult to 
distinguish from HCC. A recent study indicated that 

the uptake of hepatobiliary contrast in gadobenate 
dimeglumine-enhanced MRI is closely related to the 
activation	of	 the	β-catenin signaling pathway, which 
enables	better	identification	of	β-HCA	(50). A case report 
also	suggested	that	 the	degree	of	β-catenin activation 
in ethoxybenzyl diethylenetriamine pentaacetic acid-
enhanced MRI may be correlated with tumor signal 
intensity in the hepatobiliary phase (51). Overall, the 
advantages of MRI will continue to be exploited, and its 
non-invasive diagnosis of HCA subtypes will remain the 
focus of future attention. Although CEUS also has some 
value in identifying HCA subtypes, its sensitivity and 
specificity are not as good as those of MRI.

4.3. Natural history

Since only 15 to 20% of HCAs are at  r isk of 
complications and malignant transformation, most HCAs 
tend to stabilize in their natural course. A study of 118 
patients indicated that 78% of HCAs remained stable or 
resolved with long-term MRI follow-up (52).
 The natural history of different molecular subtypes 
of HCA varies. Studies have long recommended 
discontinuing hormone use in female patients. However, 
tumor regression and the risk of malignant transformation 
may persist even after discontinuation of hormone 
therapy (53). Estrogen is mainly associated with IHCA, 
HHCA, and shHCA. Therefore, recommending that 
patients with these conditions discontinue estrogen use 
and undergo imaging follow-up is reasonable. Special 
considerations must be made for the possibility of 
hormone-induced adenoma growth and HCA rupture 
during pregnancy. There are no clear recommendations 
for treating HCA tumors that consistently grow to more 

Table 3. The characteristics, risk of complications, and management strategies for major subtypes of HCA

Subtypes

Inflammatory HCA (IHCA)
40-50%	were	mixed	 βex3-IHCA 
and	mixed	βex7,8-IHCA

HNF1α	inactivated	HCA	(HHCA)

β-catenin exon 3 mutated HCA 
(βex3-HCA) 
15%	were	mixed	βex3-IHCA

β-catenin exon 7 or 8-mutated 
HCA	(βex7,8-HCA) 
10%	were	mixed	βex7,8-IHCA
Sonic hedgehog HCA (shHCA)

Unclassified HCA

Pathology

Inflammatory 
infiltrate; sinusoidal 
dilatation; dystrophic 
arteries
Pronounced steatosis

Cytological atypia; 
pseudoglandular 
formation; 
cholestasis; 
Expression of GS 
(IHC)
No or faint expression 
of GS (IHC)

Histological 
hemorrhage
No specific pathology

Proportion

34-50%

30-40%

7-15%

4-10%

4%

7-10%

Clinical features

Estrogen; obesity; alcohol 
intake; glycogen storage 
disease

Estrogen; HNF1α-associated	
hepatic adenomatosis
MODY3
Male; androgen

No specific

Obesity; estrogen

No specific features

Risk of complications

HCC: low; Bleeding: low; 
Inflammatory paraneoplastic 
syndrome: high

HCC: low; Bleeding: low

HCC: high; Bleeding: low

HCC: low; Bleeding: low

HCC: low; Symptomatic 
bleeding: high
No specific risk

Management 

Follow-up

Follow-up

Surgery

Follow-up

Surgery

Follow-up

βex3-IHCA,	HCA	with	β-catenin	mutations	 in	exon	3	and	an	 inflammatory	phenotype;	βex7,8-IHCA,	HCA	with	β-catenin mutations in exon 
7 or 8 and an inflammatory phenotype; HCC, hepatocellular carcinoma; MODY3, maturity-onset diabetes of the young type 3; IHC, 
immunohistochemistry; GS, glutamine synthetase.
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than 5 cm during pregnancy.
 The overall risk of malignant transformation in 
HCA is approximately 5-10%, but this risk can vary 
greatly among different molecular subtypes, ranging 
from	almost	0%	 to	nearly	50%	(up	 to	50%	for	βex3-
HCA). Male patients have a higher risk of malignant 
transformation regardless of tumor size, with a risk that 
is six to 10 times greater than that for female patients. 
This increased risk is clearly associated with the 
previously described molecular subtypes. Considering 
βex3-HCA as a true precancerous lesion is reasonable. In 
addition, up to 42% of HCAs present with spontaneous 
intratumoral hemorrhage, peritoneal hemorrhage, and 
shock. Risk factors for bleeding include tumor > 5 cm, 
IHCA, a visibly diseased artery, a left hepatic tumor, 
and exophytic growth (54). Hepatic adenomatosis is 
associated with a higher risk of hemorrhage, necrosis, 
and malignant transformation (52). Although the 
proportion of male and female patients with HNF1α-
related hepatic adenomatosis is equal, males have a 
higher incidence of bleeding (55).

4.4. Surgical indications

Previous studies have recommended surgery and lifelong 
observation for all patients with HCA (56), but the 
broad surgical indications need to be reconsidered as 
our understanding of the biological behavior of different 
molecular subtypes of HCA continues to improve. 
Overall, only about 15-20% of patients require surgery 
(10). A multidisciplinary team (MDT) discussion of a 
benign tumor is recommended for all patients requiring 
surgery. Previous studies have also emphasized the 
importance of MDT in the treatment of both benign and 
malignant diseases (57-59). Follow-up is necessary for 
all patients, typically with imaging every 6 months. After 
12 months, the frequency of follow-up can be reduced if 
the tumor remains stable. Patients suspected of having 
HCC require more frequent MRI scans or surgical 
resection and biopsy.

 Regardless of the subtype, HCAs larger than 5 
cm carry a higher risk of bleeding and malignant 
transformation. Studies have recommended surgical 
removal for those larger than 5 cm (60). However, a 
study has pointed out that tumor size should not be an 
independent indication for surgery because surgical or 
non-surgical weight loss can shrink the tumor to less 
than 5 cm in some patients (61). Whether the surgical 
decision is based on the risk of bleeding or malignant 
transformation, combining individualized treatment 
decisions with molecular subpopulations is more 
reasonable.
 Female patients who require continued oral 
contraceptives may need more frequent imaging, as 
well as surgery when the tumor is larger than 5 cm (44). 
All	βex3-HCAs require surgical resection due to the 
significantly increased risk of malignant transformation. 
shHCA requires an MDT evaluation, but surgical 
resection is preferred. Surgical resection is required for 
all male patients with HCA. Table 4 shows the main 
surgical indications cited in recent studies.
 Liver transplantation is recommended for hepatic 
adenomatosis in patients with large symptomatic tumors, 
tumors occupying almost the entire liver, significantly 
elevated alpha-fetoprotein levels, confirmed malignancy, 
and tumor progression after hepatectomy, due to the 
difficulty of achieving complete resection of all tumors 
(62). However, a study has pointed out that the risk of 
complications is not related to the number of tumors. 
Liver transplantation is unnecessary for patients with 
hepatic adenomatosis, and two-stage resection can be 
performed for large bilateral liver tumors (63). The risks 
of liver transplantation itself need to be weighed against 
those of the disease (64). In addition, studies have 
indicated that 71% of tumors in patients with multiple 
HCAs belong to the same subtype. In the remaining 
cases,	βex3-HCA is often the largest tumor associated 
with the risk of malignant transformation. Therefore, 
biopsy of the largest nodule in hepatic adenomatosis to 
determine whether surgical resection is necessary may be 

Table 4. Surgical indications for hepatic adenomas cited in recent studies

Literature

Belghiti et al. (2014) (6)
Practice Parameters Committee of the 
American College of Gastroenterology 
(2014) (33)
Brazilian Society of Hepatology 
(2015) (21)
European Association for the Study of 
the Liver (EASL) (2016) (8)
Haring et al. (2023) (60)

Tse et al. (2023) (46)

Country or region

France
United States

Brazil

Europe

Netherlands

United States

Type of literature

Review
Clinical guideline

Clinical recommendations

Clinical guideline

Original article

Review

Surgical indications

Tumor > 5 cm (unless HHCA); male patients
Tumor	>	5	cm;	β-HCA

Tumor > 5 cm in women of reproductive age; male patients

Male	patients;	β-HCA;	tumor	>	5	cm	in	female	patients;	
residual tumor after embolization
Suspected malignancy; male patients; tumor > 5 cm; 
previous bleeding; symptoms leading to impaired quality 
of life
Male	patients;	βex3-HCA; female patients whose tumors 
progressed or remained > 5 cm after weight loss and 
discontinuation of oral contraceptives
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a valuable option (44).

4.5. Surgery

In most cases, anatomical hepatectomy or segmental 
resection is preferable due to the risk of malignant 
transformation and the need to ensure resection margins. 
The prevalence of HCA is higher in obese patients, 
indicating a possible role of obesity in the development 
and progression of HCA. One case series reported 
complete resolution of HCA in two patients within 1-2 
years after bariatric surgery, as well as a >50% reduction 
in the diameter of the largest HCA and complete 
resolution of smaller HCAs in another patient within 2.5 
years after surgery (61). Clearly, the IHCA and shHCA 
subtypes are associated with obesity. Therefore, patients 
with these subtypes need to lose weight if they are 
overweight (65). However, using bariatric surgery alone 
to treat these subtypes of HCA presents a challenge.
 TAE is used more frequently in HCA because patients 
with bleeding tumors may require arterial embolization 
as initial treatment. TACE has been found to result in 
partial or complete regression of HCA, allowing 45% of 
patients to avoid surgery. In addition, TACE can reduce 
the size of large, bilateral, or multiple liver tumors 
before surgical resection (66). However, whether TACE 
reduces symptoms and averts the risk of malignant 
transformation remains unknown.
 RFA was initially recommended for residual or 
progressive tumors after resection, or as the initial 
treatment of tumors < 3 cm (67). Recently, RFA has been 
increasingly used in patients with HCA and appears to 
be a potential alternative to lifelong imaging follow-
up or elective surgery. This approach seems to offer the 
best quality-adjusted life expectancy, lifetime costs, and 
net health benefits compared to hepatectomy, TACE, 
or no treatment (68). However, RFA does not produce 
specimens for pathological analysis, and ablation is 
difficult to accept in cases of diagnostic uncertainty (53). 
Its overall use remains limited, and there is no consensus 
on the indications for RFA, particularly regarding the 
number, size, and localization of treatable lesions. 
Therefore, the precise role of this technique remains to 
be determined.

5. Management

The management algorithms for HH, FNH, and HCA are 
shown in Figure 1.

6. Role of minimally invasive hepatectomy

The widespread use of laparoscopic surgical equipment 
and improvements in surgeons' laparoscopic liver 
resection techniques have led to a continuous reduction in 
surgical costs (69-71). Two studies indicated that quality 
of life scores were significantly better after laparoscopic 

surgery for benign liver tumors than after open surgery 
(36,72). A third study indicated that postoperative 
scarring of benign liver tumors is a common cause of 
residual symptoms, and laparoscopic surgery has an 
advantage in this regard (73). Laparoscopy is constantly 
developing towards robot-assisted laparoscopy, which 
offers more technical advantages (74). These benefits 
of minimally invasive hepatectomy will continue to 
impact the clinical management of benign liver tumors. 
However, whether surgical treatment is necessary for 
benign liver tumors remains a problem that requires 
continued attention in the field of liver surgery. After all, 
no matter how minimally invasive the surgery may be, it 
cannot be as inexpensive as reasonable observation.

7. Conclusion

In conclusion, surgical indications for HH and FNH 
focus solely on clinical symptoms clearly associated with 
the tumor and rare complications, while tumor size is 
not critical. The surgical indications for HCA are closely 
related to the molecular subtype. Male patients and 
those	with	βex3-HCA require surgical resection. shHCA 
requires an MDT discussion, but surgery is preferable. 
Attention should be paid to obesity in IHCA and shHCA, 
as surgical or non-surgical weight loss may control 
or even reduce the tumor. Female patients with tumor 
progression or those whose tumors are larger than 5 cm 

Figure 1. Management algorithms for hepatic hemangioma, focal 
nodular hyperplasia, and hepatic adenoma.
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after cessation of oral contraceptives and weight loss are 
eligible for surgery. Accurate identification of molecular 
subtypes of HCA through contrast-enhanced MRI will be 
crucial to personalized clinical management in the future.
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