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ABSTRACT

Aim: To identify patient and lesion characteristics associated with the occurrence of 

single or multiple hepatocellular adenoma (HCA)

Patients and methods: Using a tertiary centre database, we retrospectively collected 

information on patient and lesion characteristics, management and follow-up of all 

patients with HCA included between 2001 and 2016. Patients were classified into 

three groups; patients with a single HCA, 2–9 HCA and at least 10 HCA

Results: A total of 458 patients were diagnosed with HCA, including 121 (26.4%) with 

single HCA, 235 (51.3%) with 2–9 HCA and 102 (22.3%) with at least 10 HCA. Signifi-

cant differences in the mean BMI were found, with the highest BMI in patients with 

more than 10 HCA (P< 0.05). The mean BMI was significantly higher in patients with 

inflammatory HCA compared with steatotic HCA (31 vs. 26, respectively, P< 0.05). 

Steatotic HCA were more often single lesions (22/55, 40%), whereas patients with 

inflammatory HCA were often diagnosed with multiple lesions (122/166, 73%).

Conclusion: Our series show a significantly higher BMI and frequency of inflamma-

tory HCA in patients with multiple HCA compared with single HCA.
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INTRODUCTION

A validated molecular and pathological classification of hepatocellular adenoma 

(HCA) was introduced by Bioulac-Sage et al. [1]. This classification identifies HCA 

with a different clinical outcome [1-2]. One subgroup of steatotic HCA lacks the 

expression of the liver-fatty-acid binding protein and has a very low risk of bleeding 

or malignant proliferation (H-HCA, 35–50%) [3]. A second subgroup includes inflam-

matory HCA (IHCA) (I-HCA, 45–50%), a subtype that is at risk of having a β-catenin 

mutation associated with an increased risk of malignant transformation and bleed-

ing [4]. A third subgroup is characterized by a β-catenin mutation (β-HCA, 15–18%). 

Finally, a group is being defined as unclassified as it does not show any specific 

features or mutations (U-HCA, 10%) [1] [5-6].

All these different subtypes may present as a solitary lesion on imaging. A small 

minority of patients with HCA presents with liver adenomatosis (LA), defined by 

Flejou et al. [7] as the presence of more than 10 adenoma lesions in an otherwise 

normal liver parenchyma. Only several case reports and small case series with 

patients with more than 10 HCAs have been described [8]. However, as estimation 

of the exact number of HCAs appears to be difficult, the term liver adenomatosis 

has been replaced by multiple HCAs [3]. Multiple HCAs have been described to be 

present in ∼50% of all HCA.

Studies describing risk factors of HCA are mainly based on analysis of a solitary 

HCA and include the long-term use of oestrogen-containing oral contraceptives, 

female sex and obesity [4] [9-10]. It has yet to be studied whether risk factors for 

multiple HCA differ from single HCA.

It may be questioned whether patients with multiple HCAs must be treated ac-

cording to the same guidelines as those with solitary lesions. The EASL guideline on 

the management of benign liver tumours suggests treatment of these patients on 

the basis of the size of largest nodule as the risk of complications is not related to 

the number of HCA [3-11]. However, this might be challenging if there are multiple 

HCAs more than 5 cm in size. With the availability of advanced imaging techniques 

and their increased use, liver lesions, including multiple adenomas, seem to be 

diagnosed more often. The management of these lesions may be a challenge for 

physicians as the guidelines may not always be applicable.

We studied which patients are at risk for multiple HCAs and whether patient 

and lesion characteristics between single or multiple HCAs differ. Furthermore, we 

investigated whether the presentation of single or multiple adenomas may lead to 

different management strategies.
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PATIENTS AND METHODS

The study protocol was in agreement with the ethical guidelines of the 1975 Dec-

laration of Helsinki and was approved by the local Institutional Review Board and 

Ethical Committee from the Erasmus Medical Center University. Informed consent 

was waived.

All patients who were diagnosed with HCA in our tertiary referral centre for focal 

liver lesions (the Erasmus Medical Center, Rotterdam) between 1999 and 2016 were 

included. With the availability of data on the diagnosis of all consecutive patients in 

this period, we selected those in whom the diagnosis had been confirmed on at least 

one MRI or, if indicated, by histopathological evaluation. The final diagnosis and 

management strategy had to be confirmed in a multidisciplinary hepatic tumour 

board committee.

From this database, we retrospectively collected baseline characteristics including 

sex, age and BMI from all patients. We derived the number (1 HCA, 2–9 HCA or >10 

HCA), size and presence of bleeding from the radiological and pathological reports. 

Tumour size was defined as the diameter of the largest HCA on MRI in mm. Bleed-

ing was defined using MRI criteria: on T1-weighting, a haematoma is hyperintense 

in the beginning, becoming more and more isointense in the chronic phase; on 

T2-weighting, a haematoma starts hyperintense and resolves in the chronic phase 

with zones of signal void (black) because of deposition of hemosiderine, mostly in 

the periphery.

Patients were subdivided into three groups: single HCA, multiple (2–9) HCAs [mul-

tiple adenoma (MA)] and more than 10 HCAs or liver adenomatosis (LA). Noninvasive 

MRI diagnosis of HCA was made on the basis of the typical features including results 

of using liver-specific contrast agents. HCA subtypes (H-HCA, I-HCA, β-HCA, β-IHCA 

and U-HCA) were based on immunohistochemistry as described by the Bordeaux-

group [12] or on typical MRI features: H-HCA diffuse and homogenous fat signal, 

IHCA hyperintensity on T2-weighted images and T1-hyperintensity on the delayed 

phase or atoll sign on T2-weighted images. β-HCA and U-HCA have no validated 

specific sign [13] [14].

DATA ANALYSIS

All analyses were carried out using the statistical package for the social sciences 

(SPSS) (Released 2013, IBM SPSS Statistics for Windows, version 22.0; IBM Corp., Ar-

monk, New York, USA). Differences between groups were assessed using a one-way 

ANOVA for continuous variables or the χ2-test for categorical variables. Statistical 

significance was considered at a P-value of less than 0.05.
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RESULTS

Overall, 458 patients were included and 121 (26.4%) were found to have a single 

HCA, 235 (51.3%) had multiple HCAs and 102 (22.3%) had liver adenomatosis. Base-

line characteristics are presented in Table 1. The median age at presentation was 39 

(interquartile range: 15–78) years. Most patients were women (n=451, 98%), with 12 

(2.6%) female patients having no history of oral contraceptive use. There were six 

male patients, all of whom were diagnosed with a single HCA. One was found to 

have an H-HCA, four were found to have an I-HCA and one had a U-HCA. The median 

follow-up period of all patients was 34 (interquartile range: 17–49) months. No 

malignant transformation of any HCA into a hepatocellular carcinoma was found 

in this period.

Table 1. Patient characteristics (N = 458)

HCA (N= 121) MA (N= 235) LA (N= 102) P-value

Age (years)a 38 (20–78) 38 (20–66) 39 (15–59) 0.527

Femaleb 115 (95) 234 (99.6) 102 (100) 0.002

BMI (kg/m2)a 27.7 (17.0–41.0) 30.4 (18.3–62.1) 31.2 (20.3–47.4) 0.001

OC useb 116 (94) 233 (99) 97 (94) 0.005

Tumour size (mm)a 59 (9–177) 58 (9–200) 67 (12–200) 0.097

Tumour bleedingb 18 (15) 53 (23) 24 (24) 0.172

This table shows characteristics of patients with single hepatocellular adenoma, multiple hepa-
tocellular adenomas and liver adenomatosis.
HCA, hepatocellular adenoma; LA, liver adenomatosis; MA, multiple adenomas; OC, oral contra-
ceptive. aData are presented as median with the range in parentheses.
bData are presented as n (%).
P values below 0.05 were considered statistically significant.

Comparison between these three groups showed a significant difference in BMI 

(kg/m2), with a median of 27.7 in patients with a single HCA, 30.4 in patients with 

MA and 31.2 in patients with LA (Fig. 1). Pairwise post-hoc analysis showed a signifi-

cant difference in BMI between single HCA and MA and HCA and LA. No difference 

was observed between MA and LA. Female sex and the use of oral contraceptives 

were significantly different between groups. A pairwise post-hoc analysis showed a 

difference between single HCA and MA and single HCA and LA. Oral contraceptive 

(OC) use was significantly higher in MA compared with single HCA and LA. There 

was no difference in age or bleeding of adenomas between groups.

A total of 267 HCA were classified according to the Bordeaux-classification on the 

basis of MRI findings or pathology reports (Table 2). The percentage of H-HCA (17%) 

was significantly lower in the group with MA/LA compared with HCA (Fig. 2). Eight 

patients were found to have a β-catenin mutation on the basis of pathology. I-HCA 
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was the most common subgroup in single HCA as well as MA (63%). The median BMI 

in I-HCA was found to be 30.9 compared with a median BMI in H-HCA of 26.0 and 

29.7 in U-HCA 29.7 in β-HCA. Additional analyses were carried out in patients in 

whom the largest lesion exceeded 50 mm as this specific group should be considered 

for resection or other curative treatment as described in the EASL Clinical Practice 

Guidelines on the management of benign liver tumours [3]. Larger lesions were 

found in 56 (46%) single HCAs, 109 (46%) MAs and 54 (52%) LAs. There were signifi-

cant differences in intervention between the three groups (Table 3). More patients 

with a single HCA underwent resection if the lesion exceeded 50 mm compared with 

patients with larger lesions in MA or LA

Table 2. Bordeaux classification

Single HCA (N= 75) MA/LA (N= 192) P-value

H-HCA [n (%)]	22 (29) 33 (17) 0.023

I-HCA [n (%)]	 44 (59) 122 (64) 0.485

β-HCA [n (%)]	1 (2) 7 (4) 0.449

U-HCA [n (%)]	7 (9) 28 (15) 0.315

I-HCA + β-HCA [n (%)]	 1 (1) 2 (1) 1.000

DISCUSSION

In this study, we describe the largest series of patients with HCA, MA and LA with 

a follow-up of more than a decade. A review by Veteläinen et al. [8] described 94 

patients from case reports and case series with LA. They reported abdominal ultra-

sound to be the initial imaging in all 94 patients, but confirmation of the diagnosis 

using highly advanced imaging modalities such as MRI, with or without contrast, or 

a contrast-enhanced ultrasonography was often missing. Currently, in our hospital, 

all patients with a suspected benign hepatic tumour will receive an MRI in at least 

four phases (precontrast, arterial, portal and delayed) after administration of an in-

travenous bolus nonliverspecific gadolinium chelate or a liver-specific contrast agent 

(Gadoxetate disodium, Primovist; Bayer Healthcare, Berlin, Germany or Gadobenate 

dimeglumine, Multihance; Bracco Imaging, Milan, Italy). Furthermore, patients are 

assessed by contrast-enhanced ultrasonography using a second generation contrast 

agent Sonovue (2.4–4.8ml, intravenous; Bracco Ltd., High Wycombe, UK). Both imag-

ing methods provide additional information that improves differentiation of liver 

lesions [15] [16].

In our series, we did not find MA in male patients. All six male patients had a 

single HCA. No patients had a history of using anabolic steroids.
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Fig. 1. BMI and number of adenomas. This figure shows BMI of patients with a single hepatocel-
lular adenoma, multiple liver adenomas and liver adenomatosis.
CI, confidence interval; HCA, hepatocellular cellular adenoma; LA, liver adenomatosis; MA, multiple 
adenomas.

This table shows the Bordeaux classification the adenoma of patients with a liver adenomatosis, 
multiple liver adenomas and a single hepatocellular adenoma. β-HCA, hepatocellular cellular 
adenoma with mutations of the β-catenin gene; HCA, hepatocellular cellular adenoma; H-HCA, 
steatotic hepatocellular cellular adenoma; I-HCA, inflammatory hepatocellular cellular adeno-
ma; LA, liver adenomatosis; MA, multiple adenomas; U-HCA, unclassified hepatocellular cellular 
adenoma without markers.

The aetiology and pathogenesis of HCA is unknown, although an association 

with the use of oestrogens was described in 1973 [17]. In the following years, many 

authors confirmed the hypothesis of an association between oestrogen-containing 

contraceptives and HCA [18-22]. Withdrawal of oral contraceptives in these patients 

will usually lead to regression of HCA [5]. However, we have yet to discover the 

physiological explanation for the association between oestrogen and HCA. The data 

on sex steroid receptors are rare, inconsistent and some of them used outdated 

techniques [23]. The largest study that used immunohistochemical analysis found 

an oestrogen and progesterone receptor in 26% of the HCA [24]. However, they did 

not draw any conclusions on the correlation between the number of HCA and the 

presence of the sex steroid receptors. New steroid hormone receptors have been 

identified in recent years, but have not yet been tested on HCA tissue [25-27].
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Oestrogens are mostly known to be produced by the ovary. However, adipose tis-

sue can contribute significantly towards the pool of oestrogens [25] [28]. Previous 

studies showed that obese patients have higher oestrogen levels compared with 

healthy individuals [28-29]. This could explain the relation between BMI and the 

number of HCA in this group of patients. In 2012, Rui et al. [29] carried out a study 

in which they found that high BMI had a significant positive association with the 

risk of liver tumours. Bioulac-Sage et al. [30] first suggested a connection between 

overweight and HCA. Bunchorntavakul et al. [31] found 23 cases of MA in obese 

patients and suggested a correlation between MA and obesity.

We describe a significant difference in BMI between single HCA, MA and LA. The 

median BMI is the highest in the group of patients with LA. We confirmed the suggested 

association between the number of HCA and BMI in a large group of patients. It has been 

suggested that HCA could decrease or disappear if patients lose weight [9]. The decrease 

could be attributed to a lower concentration of hormones because of weight loss [32].

Another explanation could be less inflammation because of weight loss as en-

hanced inflammation in the metabolic syndrome allows cell growth to develop HCA 

[30-31]. Currently, all patients with HCA are advised to stop the use of OC as well as 

lose weight. Therefore, it is not always clear whether the regression is caused by the 

withdrawal of OC or by the weight loss.

The Bordeaux subtype classification was introduced and included in our data. 

Subclassification of the largest HCA was performed in 267 patients. The incidence 

of the subgroup H-HCA has been reported previously to be 30–40% of all HCA [33]. 

Patients with H-HCA and thereby germline mutations of HNF1A are predisposed to 

develop LA [33]. However, in our cohort, only eight patients with LA were classified 

as H-HCA. In patients with I-HCA, obesity is a known risk factor. Furthermore, the 

presence of I-HCA is associated with MA as well [8] [30-31] [34-35]. I-HCA and a high 

BMI seemed to cause LA in our cohort as well. The BMI in the patients with I-HCA 

was significantly higher compared with the patients with H-HCA and LA.

Table 3. Management of patients with a single hepatocellular adenoma, multiple liver adenomas 
and liver adenomatosis, in which the largest lesion was at least 50 mm

Management HCA (N= 56) [n (%)] MA (N= 109) [n (%)] LA (N= 54) [n (%)]

Conservative 18 (32) 64 (59) 36 (67)

Surgery 33 (59) 36 (32) 14 (26)

RFA 3 (5) 0 (0) 2 (4)

Embolization 2 (4) 8 (7) 0 (0)

Surgery and RFA 0 (0) 2 (2) 1 (2)

RFA and embolization and surgery 0 (0) 0 (0) 1 (2)

HCA, hepatocellular adenoma; LA, liver adenomatosis; MA, multiple adenoma; RFA, radiofre-
quency ablation. P< 0.001.
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 (a) Bordeaux classification BMI > 30 (b) Multiple vs Single BMI > 30  

  

  

 

 
 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

      

      

Fig. 2. Multiple and subtype distribution of HCA depending on BMI. a,c,e; 1 H-HCA; 2 I-HCA, 3 
B-HCA; 4 U-HCA, IB-HCA (Inflammatory and B-cat positive HCA) b,d,f; S; single HCA, M: multiple 
HCA. HCA, hepatocellular cellular adenoma; β-HCA, hepatocellular cellular adenoma with muta-
tions of the β-catenin gene; H-HCA, steatotic hepatocellular cellular adenoma; I-HCA, inflamma-
tory hepatocellular cellular adenoma; U-HCA, inflammatory hepatocellular cellular adenoma.
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In our cohort, the incidence of I-HCA is much higher compared with the distribu-

tion between the different subgroups described by the Bordeaux group [33]. This 

could be explained by the rapidly increasing incidence of obesity in women world-

wide [36]. The increasing incidence of obesity could lead to a shift towards I-HCA, 

which will be observed more frequently. Furthermore, the prevalence of obesity in 

women is higher in the Netherlands (46.1%) compared with France (36.9%) [36].

We acknowledge that our study has a limitation. The final diagnoses were not all 

histologically proven. In those cases, combined imaging was used as the reference 

method for the final diagnosis, which was done after consensus in our multidisci-

plinary tumour board committee. In the early years, diagnoses of HCA have been dif-

ferentiated from FNH with at least a conventional MRI. According to signal intensity 

and dynamic vascular patterns after an intravenous aspecific gadolinium injection, 

the different benign liver tumours are differentiated [13]. However, during the inclu-

sion period of this study, specific hepatobiliary contrast agents were introduced and 

the differentiation is now more specific in challenging cases [37].

Biopsy is only approved in our hospital if there is doubt on the diagnosis or radio-

logical examinations are not in agreement. However, MRI yields a highly accurate 

diagnosis, with a sensitivity of 91–100% and a specificity of 87–100% for differenti-

ating HCA from FNH [38]. The Bordeaux subtype classification was performed on 

MRI in most patients; it should be noted that the MRI features of β-HCA are not 

completely defined [39]. Therefore, there could have been false negatives on MRI, 

possibly resulting in an underestimation of β-HCA.

Further research on the role of obesity in HCA and the effect of weight loss needs 

to be carried out. Because of the higher risk of surgery and the comorbidities of fatty 

liver, we suggest starting with weight reduction in all obese patients [3]. If follow-up 

indicates no decrease in the HCA, treatment should be decided depending on the 

anatomic location and the steatosis of the remaining liver tissue.

The management should be discussed by a multidisciplinary committee and strat-

egies may be individualized.

CONCLUSION

Our series found a significantly higher BMI and frequency of inflammatory HCA in 

patients with multiple HCA compared with single HCA. As weight reduction could 

decrease the size of these HCA, this finding may help to personalize treatment, 

focusing on tailor-made lifestyle monitoring with OC cessation and body weight 

reduction in this specific subgroup.

10 Erasmus Medical Center Rotterdam



Bibliography

	 [1]	 P. Bioulac-Sage, H. Laumonier, G. Couchy, B. Le Bail, A. Sa Cunha, A. Rullier, C. Laurent, 

J. Blanc, G. Cubel, H. Trilaud, J. Zucman-Rossi, C. Balabaud and J. Saric, “Hepatocel-

lular adenoma management and phenotypic classification: the Bordeaux experience,” 

Hepatology, pp. 481-89, 50(2) Aug 2009.

	 [2]	 P. Bioulac-Sage, C. Balabaud and J. Zucman-Rossi, “Subtype classification of hepatocel-

lular adenoma,” Dig Surg, pp. 39-45, 2010.

	 [3]	 European Association for the Study of the Liver, “EASL Clinical Practice Guidelines on 

the management of benign liver tumors,” J Hepatol, pp. 386-98, 65(2) Aug 2016.

	 [4]	 M. Bieze, S. Phoa, J. Verheij, K. van Lienden and T. van Gulik, “Risk factors for bleeding 

in hepatocellular adenoma,” Br J Surg, pp. 847-835, 101(7) Jun 2014.

	 [5]	 S. Van Aalten, C. Witjes, R. de Man, J. IJzermans and T. Terkivatan, “Can a decision-

making model be justified in the management of hepatocellular adenoma?,” Liver Int, 

pp. 28-37, 32(1) Jan 2012.

	 [6]	 P. Bioulac-Sage, H. Laumonier, C. Laurent, J. Zucman-Rossi and C. Balabaud, “Hepatocel-

lular adenoma: what is new in 2008,” Hepatol Int, pp. 316-21, 2(3) Sep 2008.

	 [7]	 J. Flejou, J. Barge, Y. Menu, C. Degott, H. Bismuth, F. Potet and J. Benhamou, “Liver 

adenomatosis. An entity distinct from liver adenoma?,” Gastroenterology, pp. 1132-38, 

89(5) Nov 1985.

	 [8]	 R. Vetelainen, D. Erdogan, W. de Graaf, F. ten Kate, P. Janssen, D. Gouma and T. van 

Gulik, “Liver adenomatosis: re-evaluation of aetiology and management,” Liver Int, pp. 

499-508, 28(4) Apr 2008.

	 [9]	 S. Dokmak and J. Belghiti, “Will weight loss become a future treatment of hepatocel-

lular adenoma in obese patients?,” Liver Int, pp. 2228-32, 35(10) Oct 2015.

	[10]	 K. Reddy, S. Kligerman, J. Levi, A. Livingstone, E. Molina, D. Franceschi, S. Badalamenti, 

L. Jeffers, A. Tzakis and E. Schiff, “Benign and Solid Tumors of the Liver: Relationship to 

Sex, Age, Size of Tumors, and Outcome,” Am Surg, pp. 173-78, 67(2) Feb 2001.

	[11]	 S. Dokmak, V. Paradis, V. Vilgrain, A. Sauvanet, O. Farges, D. Valla, P. Bedossa and J. 

Belghiti, “A Single-Center Surgical Experience of 122 Patients With Single and Multiple 

Hepatocellular Adenomas,” Gastroenterology, pp. 1698-1705, 137(5) Nov 2009.

	[12]	 P. Bioulac-Sage, G. Cubel, S. Taouji, J.-Y. Scoazec, E. Leteurtre, V. Paradis, N. Sturm, J. 

Tran Van Nhieu, D. Wendum, B. Bancel, J. Ramos, F. Paraf, M. Saint Paul, S. Michalak, M. 

Fabre, C. Guettier, B. Le Bail, J. Zucman-Rossi and C. Balabaud, “Immunohistochemical 

Markers on Needle Biopsies Are Helpful for the Diagnosis of Focal Nodular Hyperplasia 

and Hepatocellular Adenoma Subtypes,” Am J Surg Pathol, pp. 1691-99, 36(11) Nov 2012.

	[13]	 S. Van Aalten, M. Thomeer, T. Terkivatan, R. Dwarkasing, J. Verheij, R. de Man and J. 

IJzermans, “Hepatocellular Adenomas: Correlation of MR Imaging Findings With Patho-

logic Subtype Classification,” Radiology, pp. 172-81, 261(1) Oct 2011.

	[14]	 M. Ronot, S. Bahrami, J. Calderaro, D. Vala, P. Bedossa, J. Belghiti, V. Vilgrain and V. 

Paradis, “Hepatocellular Adenomas: Accuracy of Magnetic Resonance Imaging and Liver 

Biopsy in Subtype Classification,” Hepatology, pp. 1182-91, 53(4) Apr 2011.

	[15]	 J. Campos, C. Sirlin and J.-Y. Choi, “Focal Hepatic Lesions in Gd-EOB-DTPA Enhanced 

MRI: The Atlas,” Insights Imaging, pp. 451-74, 3(5) Oct 2012.

Inflammatory and multiple hepatocellular adenoma are associated with a higher BMI 11



	[16]	 T. Bartolotta, A. Taibbi, M. Midiri, D. Matranga, L. Solbiati and R. Lagalla, “Indeterminate 

Focal Liver Lesions Incidentally Discovered at Gray-Scale US: Role of Contrast-Enhanced 

Sonography,” Invest Radiol, pp. 106-115, 46(2) Feb 2011.

	[17]	 J. Baum, J. Bookstein, F. Holtz and E. Klein, “Possible Association Between Benign Hepa-

tomas and Oral Contraceptives,” Lancet, pp. 926-29, 2(7835) Oct 27 1973.

	[18]	 S. Baek, C. Sloane and S. Futterman, “Benign Liver Cell Adenoma Associated With Use of 

Oral Contraceptive Agents,” Ann Surg, pp. 239-242, 183(3) Mar 1976.

	[19]	 E. Horvath, K. Kovacs and R. Ross, “Letter: Benign Hepatoma in a Young Woman on 

Contraceptive Steroids,” Lancet, pp. 357-58, 1(7853) Mar 2 1974.

	[20]	 C. Lingeman, “Letter: Liver-cell Neoplasms and Oral Contraceptives,” Lancet, p. 64, 

1(7846) Jan 12 1974.

	[21]	 E. Nissen, D. Kent and S. Nissen, “Etiologic Factors in the Pathogenesis of Liver Tumors 

Associated With Oral Contraceptives,” Am J Obstet Gynecol, pp. 61-66, 127(1) Jan 1 1977.

	[22]	 J. Rooks, H. Ory, K. Ishak, L. Strauss, J. Greenspan, A. Hill and C. Tyler Jr, “Epidemiol-

ogy of Hepatocellular Adenoma. The Role of Oral Contraceptive Use,” JAMA, pp. 644-48, 

242(7) Aug 17 1979.

	[23]	 M. Torbenson, J.-H. Lee, M. Choti, W. Gage, S. Abraham, E. Montgomery, J. Boitnott and 

T.-T. Wu, “Hepatic Adenomas: Analysis of Sex Steroid Receptor Status and the Wnt 

Signaling Pathway,” Mod Pathol, pp. 189-96, 15(3) Mar 2002.

	[24]	 C. Cohen, D. Lawson and P. DeRose, “Sex and Androgenic Steroid Receptor Expression 

in Hepatic Adenomas,” Hum Pathol, pp. 1428-32, 29(12) Dec 1998.

	[25]	 C. Gruber, W. Tschugguel, C. Schneeberger and J. Huber, “Production and Actions of 

Estrogens,” N Engl J Med, pp. 340-52, 346(5) Jan 31 2002.

	[26]	 G. Kuiper, E. Enmark, M. Pelto-Huikko, S. Nilsson and J. Gustafsson, “Cloning of a Novel 

Receptor Expressed in Rat Prostate and Ovary,” Proc Natl Acad Sci U S A , pp. 5925-30, 

93(12) Jun 11 1996.

	[27]	 M. Barton, “Position Paper: The Membrane Estrogen Receptor GPER--Clues and Ques-

tions,” Steroids, pp. 935-42, 77(10) Aug 2012.

	[28]	 L. Nelson and S. Bulun, “Estrogen production and action,” J Am Acad Dermatol, pp. S116-

24, 45(3 Suppl) Sep 2001.

	[29]	 R. Rui, J. Lou, L. Zou, R. Zhong, J. Wang, D. Xia, Q. Wang, H. Li, J. Wu, X. Lu, C. Li, L. 

Liu, J. Xia and H. Xu, “Excess body mass index and risk of liver cancer: a non-linear 

dose-response metaanalysis of prospective studies,” PLos One, p. e44522, 2012.

	[30]	 P. Bioulac-Sage, S. Taouji, L. Possenti and C. Balabaud, “Hepatocellular adenoma sub-

types: the impact of overweight and obesity,” Liver Int, pp. 1217-21, 32(8) Sep 2012.

	[31]	 C. Bunchorntavakul, R. Bahirwani, D. Drazek, M. Soulen, E. Siegelman, E. Furth, K. 

Olthoff, A. Shaked and K. Reddy, “Clinical features and natural history of hepatocellular 

adenomas: the impact of obesity,” Aliment Pharmacol Ther, pp. 664-74, 34(6) Sep 2011.

	[32]	 C. Rock, C. Pande, S. Flatt, C. Ying, B. Pakiz, B. Parker, K. Williams, W. Bardwell, D. 

Heath and J. Nichols, “Favorable Changes in Serum Estrogens and Other Biologic Factors 

After Weight Loss in Breast Cancer Survivors Who Are Overweight or Obese,” Clin Breast 

Cancer, pp. 188-95, 13(3) Jun 2013.

	[33]	 J.-C. Nault, P. Bioulac-Sage and J. Zucman-Rossi, “Hepatocellular Benign Tumors-From 

Molecular Classification to Personalized Clinical Care,” Gastroenterology, pp. 888-902, 

144(5) May 2013.

12 Erasmus Medical Center Rotterdam



	[34]	 A. Furlan, D. van der Windt, M. Nalesnik, B. Sholosh, K.-K. Ngan, K. Pealer, J. IJzermans 

and M. Federle, “Multiple Hepatic Adenomas Associated With Liver Steatosis at CT and 

MRI: A Case-Control Study,” AJR Am J Roentgenol, pp. 1430-35, 191(5) Nov 2008.

	[35]	 V. Paradis, A. Champault, M. Ronot, L. Deschamps, D. Vala, D. Vidaud, V. Vilgrain, J. 

Belghiti and P. Bedossa, “Telangiectatic Adenoma: An Entity Associated With Increased 

Body Mass Index and Inflammation,” Hepatology, pp. 140-46, 46(1) Jul 2007.

	[36]	 S. Mitchell and D. Shaw, “The Worldwide Epidemic of Female Obesity,” Best Pract Res Clin 

Obstet Gynaecol, pp. 289-99, 29(3) Apr 2015.

	[37]	 L. Grazioli, L. Olivetti, G. Mazza and M. Bondioni, “MR Imaging of Hepatocellular Adeno-

mas and Differential Diagnosis Dilemma,” Int J Hepatol, p. 374170, 2013.

	[38]	 M. Bieze, J. van der Esschert, C. Nio, J. Verheij, J. Reitsma, V. Terpstra, T. van Gulik and 

S. Phoa, “Diagnostic Accuracy of MRI in Differentiating Hepatocellular AdenomFrom 

Focal Nodular Hyperplasia: Prospective Study of the Additional Value of Gadoxetate 

Disodium,” AJR Am J Roentgenol, pp. 26-34, 199(1) Jul 2012.

	[39]	 M. Thomeer, M. Broker, J. Verheij, M. Doukas, T. Terkivatan, D. Bijdevaate, R. de Man, A. 

Moelker and J. IJzermans, “Hepatocellular Adenoma: When and How to Treat? Update 

of Current Evidence,” Therap Adv Gastroenterol, pp. 898-912, 9(6) Nov 2016.

Inflammatory and multiple hepatocellular adenoma are associated with a higher BMI 13


