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Abstract: Backround: FNH is a common benign liver lesion, mostly solitary, and with no evidence 

of malignant transformation over time. The diagnosis can usually be made by imaging modalities 

with distinct features in MRI- and CT-scans. Case series: We present a case series of three patients 

with solitary liver tumors which were highly suspicious to be large FNH, based on radiological 

features. The patients were sent to our center for second opinion and probable treatment. Indication 

for resection was given because of nonconclusive radiologic imaging in the first, substantial growth 

progression in the second and elevated AFP in the third case. Histology revealed well to poor 

differentiated HCCs. Discussion: FNH tends to show a distinct pattern in imaging modalities, but 

HCC can mimic FNH. The MRI-scan using hepatotropic contrast agent is the most sensitive imaging 

modality to diagnose FNH. AFP is usually not elevated in FNH. Asymptomatic FNH does not 

require surgery but a reliable diagnosis is crucial. In case of an uncertain diagnosis surgery should 

be offered to patients. Conclusion: In cases with a progression in size, an elevated level of AFP 

should be suspicious. A second opinion at a center for hepato-biliary surgery with HCC/FNH-

experienced radiologists and surgeons is reasonable. Generally, an over-therapy via surgery should 

be avoided and follow-ups of a newly diagnosed FNH including measurement of AFP are advisable 

to detect alterations. 
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1. Introduction 

Focal nodular hyperplasia (FNH) is a benign, mostly solitary liver lesion originating from 

hepatocytes [1]. It is the second most common benign liver lesion with no evidence of malignant 

transformation [2,3]. The incidence has a female predominance with ratios ranging from 8:1 to 12:1 

[4]. The majority of FNHs are asymptomatic and found incidentally [1]. Diagnosis is usually made 

by CT or MRI by distinct features including the presence of a central scar and central artery. After 

contrast administration, FNH shows early arterial enhancement in imaging [5]. In MRI imaging, FNH 

remain hyper-/isointense in venous phases and hepatobiliary imaging helps to distinguish FNH from 

hepatic adenomas. In asymptomatic patients FNH treatment is not necessary, but a reliable diagnosis 

is crucial. We report a case series of three female patients with tumors radiologically highly 

suspicious for a FNH that turned out to be histologically proven hepatocellular carcinoma (HCC). 

  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 November 2023                   doi:10.20944/preprints202311.1047.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202311.1047.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

2. Materials and Methods 

3. Results 

We encountered three female patients with a HCC, which were each primarily diagnosed as 

FNH, based on imaging modalities with typical central scarring. All three were solitary tumors in a 

non-cirrhotic liver and without underlying liver disease. The patients were sent to our center for a 

second opinion or further treatment mainly because of the size of the tumor. Patients’ characteristics, 

surgical procedure, histological outcome, and further information are shown in Table 1. 

Table 1. Patient characteristics. 

 Patient 1 Patient 2 Patient 3 

Gender female female female 

Age at resection 41 30 53 

BMI 21 25 35 

Primary Diagnosis FNH FNH FNH 

Time till presentation 2-4 weeks 7 years 3 months 

AFP at presentation (norm < 8 ng/ml) 2.1 ng/ml - 980128 ng/ml 

Conducted procedure 
Bisegmentectomy with extended 

lymph node dissection  

Laparoscopic extended 

bisegmentectomy  

Central resection with 

reconstruction right 

hepatic vein  

New World Classif. H56 H234′ H145′8′-RHV 

Operation date 06/2011 02/2020 12/2021 

Postoperative course uneventful uneventful bile leakage 

Histological Diagnosis 
moderate to poor  

differentiated HCC 

well  

differentiated HCC  

moderate  

differentiated HCC 

Tumor diameter (cm) 10  14 15 

TMN classification (8th edition) pT2, N0 (0/6), M0, V1, L0, G3, R0 
pT1b, pNx, L0, V0, Pn0, 

G1, R0 

pT1b, pN0(0/2), L0, V0, 

Pn0, G2, R0 

Further therapy 2x Re-resection, Sorafenib, 3x TACE After-care After-care 

Recurrence Twice, 4 months + 4 months - - 

Status d.o.d. 1 2 years after surgery alive, n.e.d. 2 44 months  after, n.e.d. 2 20 months 

1 d.o.d.: died of disease. 2 n.e.d.: no evidence of disease. 

3.1. Case 1 

The first patient was a 41-year-old female who was referred for a second opinion after receiving 

the diagnosis of a large FNH of the right liver lobe (Figure 1). AFP was within normal range. We 

indicated the explorative laparotomy due to a slight washout phenomenon in the venous phase 

which is not entirely typical for a FNH. Intraoperative frozen section showed a hepatocellular 

carcinoma and a bisegmental resection of the segments 5 and 6 (H56 according to the ‘New World’ 

terminology [6]) plus hilar lymphadenectomy was performed. Postoperative course was uneventful 

but early recurrence was diagnosed after four months and repeated resection was performed (H8′). 
A second recurrence led to a completion as formal right hemihepatectomy (H78) and subsequent 

treatment with Sorafenib. In the further course a local therapy with TACE was conducted after 

findings of a third recurrence. The patient passed away two years after the primary diagnosis of HCC. 
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(a) (b) 

  

(c) (d) 

Figure 1. Pre-operative MR imaging Patient 1: (a) T2 TSE sequence depicting central scar; (b) T1 

sequence with fat saturation in arterial phase depicting intense early arterial enhancement. (c/d) Slight 

signal drop in the tumor tissue (c) compared to healthy liver venous phase (d). No dedicated 

hepatobiliary imaging was performed. 

3.2. Case 2 

The second patient was referred to our out-patient clinic with a liver lesion of the left lobe, which 

had been growing constantly over 7 years. A FNH had been diagnosed at the age of 23, which met 

the typical MRI-criteria including contrast retention in hepatobiliary imaging and the patient was in 

regular follow-ups (Figure 2). Because of the tumor growth and inhomogeneity along the tumor 

capsule we performed a left hepatectomy (H234′) (Figure 2d). The final histological findings revealed 

a HCC and the patient is in regular follow-ups since without evidence of recurrence for over 44 

months until today. 

  
(a) (b) 
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(c) (d) 

Figure 2. Pre-operative MR imaging Patient 2: (a) Arterial phase imaging depicting hyperenhancement of 

liver lesion; (b) T1 sequence with fat saturation in hepatobiliary phase depicting isointensity to liver; (c,d) 

T1 sequence with fat saturation post contrast showing size progression from (c,d) in 3 years. 

3.3. Case 3 

The third patient was 53 years old when a FNH was diagnosed in MRI (Figure 3). Comparable 

to patient 1, no dedicated delayed hepatobiliary phase had been was performed. A follow-up after 3 

months was scheduled, this time with Alpha-1 Fetoprotein (AFP) as laboratory testing, which turned 

out to be significantly increased with a value of > 400000ng/ml. At presentation at our center four 

weeks later the AFP had risen to 980128 ng/ml. We conducted a central resection of segments 4, 

partially 5 and 8 as well as Segment 1 (H145′8′-RHV). Resection and reconstruction of the right hepatic 

vein was necessary to achieve R0-status. The patient is tumor-free within follow-up for 20 months 

until today. In the postoperative course the AFP levels decreased to 5529 ng/ml after one month, to 

4.9 ng/ml after three months, and remained below 2.5 ng/ml since seven months after resection. 

  
(a) (b) 
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(c)  

Figure 3. Pre-operative MR imaging Patient 3: (a) T2 TSE sequence depicting central scar; (b) T1 

sequence with fat saturation in depicting intense early arterial enhancement; (c) Late venous phase 

imaging showing iso-/hyperintensity of solid components to healthy liver tissue. 

4. Discussion 

We report on a series of three female patients with solitary liver tumors initially suspected to be 

FNH because of the arterial enhancement pattern and a supposedly central scar in a solitary tumor. 

All patients presented at our center for a second opinion and evaluation of further treatment with 

large tumors between 10 to 24 cm in diameter. None had cirrhosis or any underlying liver disease. A 

biopsy was not obtained in any of the three cases prior to surgery. The histology revealed well to 

poor differentiated HCCs with a 8th edition TNM classification status varying from pT1 to pT2 [7]. 

One patient developed recurrence and metastatic disease and deceased in the course of time. 

The diagnosis of a FNH is often an incidental finding, as they are rarely symptomatic. The main 

patient group are young females at the age of 20 to 50 years. Sporadic cases of male patients with a 

FNH have been described [8]. The lesions tend to grow slowly or show no growth at all.  

The specific features in CT- and MRI-scans often lead to the diagnosis of FNH. Presentation of 

the imaging to a radiologist with specific hepatobiliary expertise should be considered. The EASL 

Clinical Practice Guidelines on the management of benign liver tumours suggests the use of MRI with 

hepatotropic contrast agent to be the more sensitive imaging modality to diagnose FNH compared 

to a multi-phase CT-scan [10]. In our case series, only one of the three patients underwent MRI with 

hepatotrophic contrast media. If an MRI with a hepatotropic contrast agent does not lead to a safe 

diagnosis, an additional contrast enhanced ultrasound is advised. In a safely diagnosed 

asymptomatic FNH, no further treatment is recommended [9]. 

Even though FNH tends to show a distinct pattern in imaging modalities, HCC can mimic a 

benign lesion as shown. For example, about 20% of HCC display an uptake of contrast agent in late 

phases [11]. But in contrast to HCC, a FNH does not show any washout appearance [12]. In CT-scans 

FNH show a distinct morphology with a central vascular supply [13]. In MRI it is iso- or hypointense 

in T1 and hyper- or isotense in T2-weighted imaging and shows a T2w-hyperintense central 

element/scar which enhances on delayed-phase imaging when extracellular contrast agents are used 

[14]. The central scar is found only in about 30-50% of FNH in MR-imaging and in literature not 

correlated with the size of the lesion [15]. Furthermore, in about 50% of HCC in non-cirrhotic livers a 

central scar is also present [10]. It appears that in larger lesions the prominent central scar with 

radiating fibrous septa can be less distinct due to the general mass of the lesion. Whether this 

observation should lead to even greater attention to the diagnostic and differential diagnosis of FNH 

of large lesions, is to be discussed. 

When there are still doubts, a biopsy is recommended to secure the diagnosis. The general issue 

with biopsies is the concern for needle track seeding or missing malignant parts. Another problem is 

the difficulty to differentiate FNH-tissue from well-differentiated HCC or fibrolamellar HCC in a 
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biopsy sample [16]. So even with a histology ruling out malignant cells in the biopsy, uncertainty 

remains. 

One of our patients had an extremely high level of AFP preoperative with explicit decrease after 

resection. In patient 2 the AFP unfortunately was not measured prior to the resection. An increased 

level of AFP is usually associated with HCC and it used widely for screening in high-risk patients 

and for HCC follow-ups [18]. AFP can be increased slightly (up to 100 ng/ml) in liver cirrhosis and in 

chronic hepatitis as well [19], but also in pregnancy or teratoma [20]. AFP is typically not elevated in 

a FNH but some rare cases with elevated AFP in FNH have been reported in a range of 40–60 ng/ml 

[21,22]. One assumes that in these cases AFP expression is caused by a regenerative process due to 

features of progenitor cells within the FNH or even in the non-lesional adjacent liver [23]. 

Measurement of AFP levels in every newly diagnosed liver lesion is highly recommended. A high 

AFP level or an increase over a short period of time would be suspicious for HCC.  

The numbers of resections for benign liver tumors have risen in recent years due to various 

reasons including a broader access to imaging modalities and the emergence of minimal invasive 

surgery, but generally an over-therapy via surgery should be avoided. If the diagnosis is certain and 

the tumor is asymptomatic then there is no indication for surgery. On contrast, if there are any 

indeterminate features in MRI, CT-scan and ultrasound with respective contrast agents, or a noteable 

elevation of AFP levels or a measurable tumor growth surgery should be offered to the patient [17]. 

Otherwise, a close follow-up with imaging and AFP-level control should be performed.  

5. Conclusions 

HCC can mimic FNH leading to a delay of necessary treatment. FNH is a benign tumor of the 

liver which, if asymptomatic, does not need to be treated surgically. For the diagnosis of a FNH 

usually a contrast enhanced MRI scan is sufficient. Normally AFP is not increased. However, cases 

with progression in size, an elevated AFP level and especially a further increase of AFP are 

suspicious. A second opinion at a center for hepato-biliary surgery with HCC/FNH-experienced 

radiologists and surgeons is reasonable. Generally, an over-therapy via surgery should be avoided 

and follow-ups of a newly diagnosed FNH including measurement of AFP are advisable to detect 

alterations.  
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