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Abstract

AIM: To analyse the change in size on follow-up of hepatic adenomas (HAs) and adenomatosis, 

and to investigate the relationship of imaging features with size change.

MATERIALS AND METHODS: The study included 44 patients (142 lesions) who underwent 

magnetic resonance imaging (MRI) or computed tomography (CT) for diagnosis and follow-up of 

HA. The imaging features and percentage change in maximum tumour dimension were observed 

over a follow-up duration of up to 139 months.

RESULTS: With an average follow-up of 43 months, 37% lesions decreased in size, 58% were 

stable, 4% increased; one lesion regressed completely. Adenomas were stratified into size groups 

(<3, 3–5, and ≥5 cm). Size change among the three groups was similar (p>0.05). Percent size 

change was different for lesions followed for ≤12 months (−7.2%) compared with lesions followed 

for 13e60 months (−20.5%), and those followed for ≥60 months (−23.5%; p<0.05); there was no 

difference between lesions followed for 13–60 months and ≥60 months (p=0.523). Baseline size 

and percent size change was similar between the hepatocyte nuclear factor 1α-inactivated HA 

(HA-H) and inflammatory HA (HA-I) subtype (p>0.05).

CONCLUSION: Most adenomas were either stable or regressed on follow-up. Size change was 

independent of baseline size. After an initial size decrease within 5 years, no further size reduction 

was noted on extended follow-up. The percent size change in the HA-H and HA-I subtype was 

similar.
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University School of Medicine, 600 N Wolfe St, Room 143, Baltimore, MD 21287, USA. Tel.: þ1 410 955 4567; fax: þ1 410 955 
9799., ikamel@jhmi.edu (I.R. Kamel). 
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Introduction

Hepatic adenoma (HA) is the third most common benign solid liver tumour after 

haemangioma and focal nodular hyperplasia. HA is usually found in young women aged 

between 20–40 years and increased prevalence is seen in women with a history of prolonged 

oral contraceptive (OCP) intake.1 The estimated incidence of HA is 3 per million per year 

and increases to 30–40 per million among long-term OCP users.2 Hepatic adenomatosis3 is 

defined by the presence of 10 or more HA involving both hepatic lobes. It is not associated 

with a specific HA subtype4 and its imaging features are similar to those of solitary HA.5

HA are often asymptomatic but can be associated with a risk of rupture, haemorrhage, and 

malignant transformation into hepatocellular carcinoma (HCC). The reported incidence of 

macroscopic haemorrhage and malignant transformation in adenomas <5 cm is 5% and 2%, 

respectively; the risk increases to 25% and 9%, respectively, for adenomas ≥5 cm.6 Hepatic 

adenomatosis can be seen in either sex with or without oral contraceptive use5; other risk 

factors for adenoma include glycogen storage disease and hepatic steatosis.7 In addition, 

adenoma formation may be associated with germ-line HNF1A (hepatocyte nuclear factor 

1α) gene mutations.5,8,9 Risk of complication in both HA and adenomatosis is related to the 

size of the largest lesion and underlying histopathological subtype.10 As HA are associated 

with OCP use, they have been reported to regress or disappear after OCP withdrawal,2,11–15 

although this may not be true for hepatic adenomatosis.16

With recent recognition of HA as a complex entity, there has been an increasing interest in 

categorising subtypes of adenomas. Based on the molecular characteristics, HA can be 

divided into four subtypes1: HNF1A-inactivated HA (HA-H),2 β-catenin-activated HA (HA-

B),3 inflammatory HA (HA-I), and4 unclassified HA (HA-U).17 Studies have emphasised 

the importance of this histopathological classification of HA on the patient management.
18–20 Based on studies21,22 suggesting that HA-B subtype may demonstrate a high risk of 

malignant transformation, authors have proposed that this subgroup be surgically resected 

regardless of its size at presentation.19 On the other hand, HA-H subtype demonstrates a 

much lower risk of malignant transformation in comparison to other subtypes. Therefore, 

surgical resection or even biopsy can be avoided in favour of imaging follow-up if this 

subtype can be recognised, particularly for small HAs (<5 cm) in women.19 For HA-I 

subtype, biopsy to rule out coexisting β-catenin mutation (that is associated with increased 

malignant potential) is suggested.19 Authors have also shown the successful role of MRI in 

this subtype characterisation of HA.23,24 About 30–35% of HA are of the HA-H subtype, 

and are characterised by steatosis within the lesion.17,19

Size is an important factor in the management of adenoma as it relates to risk of 

complications and malignant transformation; however, the natural history of adenoma size is 

not well described. As such, the objective of the current study was to analyse the change in 

size on follow-up of hepatic adenomas and adenomatosis and the relationship of imaging 

features with the size change.
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Materials and methods

Patient population

This was a retrospective, institutional review-board approved, Health Insurance Portability 

and Accountability Act-compliant study with waived patient consent. Review of the medical 

records identified 44 patients (age range, 20–58 years; mean age, 41 years) between October 

2004 and May 2016, including 27 patients with HA (nine patients with solitary HA; 18 

patients with multiple HA) and 17 patients with hepatic adenomatosis. Among patients with 

more than five HA, up to five lesions with at least ≥1 month follow-up were included to 

reduce selection bias; thus a total of 142 lesions were evaluated. Pathological diagnosis 

along with histological subtype was established for 67 lesions in 21 patients. For remaining 

lesions, diagnosis was made by characteristic imaging findings. All patients underwent 

imaging with computed tomography (CT) and/or magnetic resonance imaging (MRI) for 

diagnoses and follow-up. Nineteen patients (n=61) underwent both MRI and CT, 22 patients 

(n=73) had MRI only, whereas three patients (n=8) had CT only. The protocol used for MRI 

and CT studies performed is shown in Table 1.

Imaging analysis

MRI and CT images were analysed by one experienced abdominal radiologist with 7 years 

of experience in abdominal MRI. Each lesion was evaluated for signal intensity (SI) or 

density (relative to surrounding liver parenchyma), homogeneity, presence of capsule, and 

presence of fat or haemorrhage within the lesion and enhancement characteristics. All region 

of interest (ROI) measurements were performed using circular ROIs measuring at least 1 

cm2 with the aim of covering maximum area of the lesion while avoiding peripheral 1 mm 

of the lesion to avoid volume averaging. Homogeneity was defined as uniform SI or density. 

Heterogeneity was defined as any difference in SI or density within the lesion on T1- or T2-

weighted imaging (WI) or CT images. Capsule was defined as a thin low-SI or low density 

rim surrounding all or a part of the lesion. The dropout of signal on chemical-shift images or 

fat-suppression sequence was interpreted as intralesional fatty infiltration. Haemorrhage was 

defined as areas of high-SI on T1- and T2WI with or without low-SI on T2WI suggesting 

haemosiderin deposition, or hyper-density on unenhanced CT.

The longest dimension of the lesion was measured at baseline and follow-up images. All the 

lesion measurements were performed on contrast-enhanced images in the hepatic arterial or 

portal venous phase using CT/MRI T1W three-dimensional (3D) fat-suppressed spoiled 

gradient-cho images. As HAs demonstrate variable enhancement profiles, it was decided not 

to use the same enhancement phase images for all lesions. Rather, the arterial or portal 

phases were chosen by the reader on a case-by-case basis according to the phase that best 

allowed the lesion delineation. Percent change in tumour’s maximum dimension was 

calculated using the following formula:

longest diameter in last exam−longest diameter in first exam
longest diameter in first exam × 100 .
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An increase or decrease of ≥20% in the longest baseline diameter was considered as a 

change in lesion size.

Histopathological analysis

All histopathology slides were reviewed by one expert who determined adenoma subtype. 

Specimens were analysed for the presence of fat infiltration, haemorrhage, calcification as 

well as molecular and histological features such as arrangement of hepatocytes, portal veins, 

bile ducts, the presence of steatosis, inflammatory cell infiltrates, sinusoidal dilatation, and 

other relevant pathological characteristics.

Statistical analysis

To assess the relationship between change in size and lesion characteristics, lesions were 

divided into subgroups: <3 cm classified as group 1; 3–5 cm as group 2; and ≥5 cm as group 

3. Similarly, based on fat infiltration, lesions were divided into lesions with versus without 

fat infiltration. Lesions were also divided according to the duration of follow-up: ≤12, 13–

60, and ≥60 months. Based on histopathological subtypes, lesions were divided into HA-H 

and HA-I subtypes. Lastly, adenomas and adenomatosis were also compared for change in 

size measurements. A t-test was applied when comparing size changes in the different 

groups. A two-sample paired t-test was applied for comparison between baseline size and 

size on last imaging. Statistical analysis was performed with a software package (SPSS 21.0; 

SPSS, Chicago, IL, USA). A p-value of <0.05 was considered statistically significant.

Results

Demographic information (Table 2)

The sole male patient had type I glycogen storage disease. Twenty-seven patients were 

asymptomatic while 17 presented with abdominal pain.

Morphologic findings and global change in size

Morphological features of the lesions are shown in Table 3 and Figs 1–3. Size change is 

shown in Table 4. The mean size of the 142 lesions on baseline imaging was 3.2 cm 

(standard deviation [SD], 2.4; range, 0.4–13.4). After follow-up, 53 (37%) of 142 lesions 

regressed in size, 82 (58%) lesions were stable, and six (4%) lesions grew in size (Electronic 

Supplementary Material Fig. S1); one lesion disappeared on follow-up scans. For the lesions 

that demonstrated an increase in size, there were no associated changes in the imaging 

features/signal characteristics. One hundred and seventeen out of 142 lesions were followed 

up after patients discontinued using OCPs or terminated hormone therapy. Out of 53 lesions 

that had size regression, 51 (96%) were among patients who had discontinued OCP use. One 

lesion disappeared after discontinuing use of OCP. Similarly, out of 77 lesions that were 

stable, 60 (78%) were associated with discontinuation of OCP use and termination of 

hormone therapy. Out of six lesions that increased in size, five had history of OCP 

discontinuation.

Table 4 shows the size change characteristics in lesions based on baseline size groups. The 

follow-up duration among the three groups was not significantly different (p=0.239). Size 
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change in the three groups did not differ (p=0.315 between group 1 and group 2, p=0.06 

between group 1 and group 3 and p=0.337 between group 2 and group 3). One lesion in 

group 1 disappeared completely on follow-up scans.

Size change based on fat content, follow-up duration, and pathological subtypes

Table 5 shows the size change characteristics in lesion groups based on fat content. HA 

lesions with fat infiltration on imaging showed a significantly less decrease in size as 

compared to those without fat infiltration (−2.9±19.1% versus −24.1±26.9%; p≤0.0001), 

despite a similar follow-up duration (42±31.8 months versus 42.5±42.7 months; p=0.942). 

Among the 44 patients (n=142), the number of lesions with imaging follow-up of <12 

months, between 13 and 60 months, and ≥60 months was 41, 67, and 34, respectively. Mean 

percent size change for the various follow-up duration categories were −7.2%, −20.5%, and 

−23.5%, respectively. The percent size change was different for lesions followed for ≤12 

months (−7.2%) compared with lesions followed for 13–60 months (−20.5%), as well as 

those lesions followed for ≥60 months (−23.5%; p=0.005 and 0.003, respectively); there was 

no difference in percent size change among lesions followed for 13−60 months versus ≥60 

months (p=0.523).

In 21 patients (n=67 lesions), diagnosis of adenoma along with histological subtype was 

established at histopathology after biopsy or surgery; 12 (n=35) patients had the HA-H 

subtype, eight (n=31 lesions) patients had the HA-I subtype, and one (n=1 lesion) patients 

had the HA-U subtype. Mean baseline size of 35 lesions with the HA-H subtype was 2.6 cm 

(SD, 2.7) with a mean follow-up duration of 63 months (SD, 43). The mean size of this 

subtype on last follow-up was 2.5 cm (SD, 2.8; mean size change −4.7%). Mean baseline 

size of 31 lesions under HA-I subtype was 3.1 cm (SD, 1.7). After a follow-up of 33 months 

(SD, 23), mean size was 2.4 cm (SD, 1.4; mean size change −17.1%). HA-H and HA-I 

subtype adenomas had comparable difference in their baseline size (p=0.32) and size change 

(p=0.11); however, the follow-up duration between the two subtypes was different 

(p=0.002).

Size change in adenomas versus adenomatosis

Mean size of the 61 adenomas was 3.1 cm (SD, 2.9) and decreased to 2.7 cm (SD, 2.7) after 

a mean follow-up duration of 38 months (SD, 4). Mean percent size change was −12.2%. 

Among the patients with the diagnosis of adenomatosis, mean size of the 81 lesions was 3.5 

cm (SD, 2) and decreased to 2.4 cm (SD, 1.5), demonstrating 18.6% reduction after a mean 

follow-up of 46 months (SD, 35). The lesions in adenoma and adenomatosis group were 

comparable with regards to baseline size, follow-up duration and size change (p=0.885, 

0.192, 0.191, respectively).

Other findings

Overall, eight (5.6%) of 142 lesions presented with imaging evidence of bleeding. The mean 

size of HA lesions with bleeding was 7.4 cm (SD, 3.3; range, 2.3–11.7 cm). Six (4%) of 142 

lesions increased in size after follow-up, three of these six lesions were proven to be HA-H 

subtype and two were HA-I subtype. One patient (n=1) continued to be on oral 

contraceptives during follow-up. Four lesions in one patient resected after imaging evidence 
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of bleeding demonstrated evidence of well-differentiated HCC arising within the HA 

(Electronic Supplementary Material Fig. S2). The size of these four HA lesions were 11.7, 

11, 7.4, and 6.2 cm.

Discussion

This single institution study was undertaken to help suggest future guidelines regarding the 

frequency and duration of follow-up of patients with hepatic adenoma and adenomatosis. 

The results of the present study demonstrate that most HA lesions remained stable or 

decreased in size, likely secondary to OCP discontinuation. The findings of this study 

suggest that in non-surgical cases of HA at presentation, there may be a less need for 

frequent and extended imaging follow-up.

General morphological findings and correlation with histopathology

Haemorrhage in HA has been reported in 21–40% of cases25 with larger size (≥5 cm) and 

hormone intake was reported to be associated with higher risk of bleeding.25–28 The 

incidence of haemorrhage was much lower in the present study (n=8; 5.6%); all lesions were 

>5 cm. MRI images depict fat in 35–77% of adenomas10,15,29; in the current study fatty 

infiltration was noted in 43 (32%) of 134 lesions, comparable to that reported in the 

literature. Most adenomas that were heterogeneous in appearance in the current study were 

likely due to areas of haemorrhage or fatty infiltration. Erik et al.15 and Luigi et al.29 

reported that 17% and 25% of HA had a capsule, similar to the current study (26%).

Malignant transformation of adenoma has been reported in about 5–10% of cases.18,27,30,31 

In the present study, out of the six lesions that increased in size, five were proven at 

histopathology to be benign: three were HA-H subtype of adenoma and two were the HA-I 

subtype. One patient (n=1) continued on oral contraceptives during follow-up. Therefore, 

none of these six lesions appeared to show malignant transformation to HCC; however, four 

haemorrhagic lesions from a symptomatic patient underwent surgical resection and revealed 

well-differentiated HCC at histopathology. HA-B lesions have a higher risk of malignant 

transformation, but represent only 10–15% of HA.10 In the present study, 22 patients (n=67) 

had histopathological analysis for subtype of the lesions after biopsy or surgery; 35 lesions 

were HA-H, while 31 lesions were HA-I and one lesion was HA-U. Thus, among the lesions 

that were investigated at histopathology in the present study, HA-H and HA-I subtypes were 

more common, including the five lesions that demonstrated size increase on follow-up.

In the current series, most HA were isointense relative to liver on T1WI and moderately 

hyperintense on T2WI, conforming to previous reports.15,32,33 According to Luigi et al.,8 

most HA were hyperintense to the liver on the arterial phase and became isointense on 

venous phase and delayed phase images. The lesions also appeared homogeneous in 

enhancement on venous and delayed phase images, with hyperintense capsule. In the present 

study, 51% of the lesions demonstrated washout on the venous and delayed phase imaging 

while 38% lesions showed persistent enhancement on these phases, similar to prior studies.8 

Imaging findings depend on tumour characteristics and underlying liver parenchyma, and 

HA-H, HA-I type have some specific MRI patterns.34 The fat infiltration sets HA-H apart 

from the other HA subtypes, and patchy CD34 immunostaining in HA-H is indicative of 
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sinusoidal capillarization, which is the reason for the signal dropout on opposed-phase, 

enhancement on arterial phase and washout in venous and delayed phase imaging. In 

contrast, HA-I subtype demonstrate arterial enhancement that persists on both venous and 

delayed phase imaging due to sinusoidal dilation.35–37 The present findings support these 

differences between HA-H and HA-I subtypes. Out of 43 adenomas with fat infiltration on 

MRI, 22 (51%) lesions were proven at histopathology to be HA-H subtype. Out of 65 

lesions that had washout characteristic, 30 lesions had histopathological diagnosis with 23 

(77%) demonstrating HA-H subtype. Out of 49 lesions that demonstrated persistent type 

enhancement characteristic, 24 lesions had histopathological diagnosis; all were proven to be 

HA-I subtype.

Global change in size

Overall, 53 (37%) of 142 lesions regressed in size, 77 (58%) lesions were stable while one 

lesion disappeared. Several case reports have described HA regression or disappearance after 

OCP withdrawal,11,13,38 was similar to the present observations. Ninety-six percent of the 

HA lesions that demonstrated size regression and the one lesion that disappeared on follow-

up were among patients who had discontinued OCP use. Surgical resection is typically 

recommended for larger HAs (>5 cm). In the present study, baseline lesion size had no 

impact on the percent size change of HA; eight (29%) out of 28 lesions with baseline size >5 

cm changed to the smaller size group, 19 were stable while only one lesion demonstrated 

increase in size; however, it is still necessary to follow-up HA >5 cm because of the 

increased risk of bleeding and rupture in large HAs.

Size change in fat containing versus non-fat-containing adenoma

Fat infiltration is one of the key characteristics of HA with 43 (30%) lesions demonstrating 

this feature. The present study indicated that fat infiltration may play an important role in 

size change of HA with lesions having fat infiltration demonstrating significantly less size 

decrease than those without fat infiltration (p≤0.0001). The reasons for this observation are 

not clear.

Size change based on follow-up duration

The present study demonstrated that the percent size change was different among lesions 

followed for up to 1 year versus lesions that were followed for >1 year, with most HA 

showing stability during the first year of follow-up while demonstrating decrease in size 

after 1 year. On the other hand, there was no difference in size change among lesions 

followed for 1–5 years versus those that were followed for >5 years. This may suggest that if 

the HA remains stable or decreases in size during 5 years of follow-up after discontinuing 

OCPs, it may continue to do so in the future; however, this needs to be confirmed on further 

studies with longer follow-up durations.

Size change in HA-H subtype versus HA-I subtype

Fat infiltration is a characteristic of HA-H subtype and as the present results show that fat 

infiltration was associated with slower regression of lesions, HA-H subtype adenomas would 

seem to regress more slowly than other subtypes; however, in the present study, the size 
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change was not significantly different between HA-H and HA-I subtypes. This may be 

related to different follow-up durations in the two subtypes. The HA-I subtype lesions were 

observed for a mean duration of 33 months (SD, 23) with a mean size change of −17.1%. 

The HA-H subtype lesions were followed for a mean duration of 63 months (SD, 43), with a 

mean size change of −4.7%. If both subtypes were followed for a similar duration, it is 

possible that more significant differences in size changes could have been observed.

Size change in adenomas versus adenomatosis

According to some studies, hepatic adenomatosis does not have a predilection for female 

gender5,8; however, among the 17 adenomatosis patients included in the current study, only 

one patient was male. In addition, according to some previous literature, hepatic 

adenomatosis has been described to be less often associated with steroid or oral 

contraceptive use; however, in the present study, out of 81 adenomatosis lesions, 76 lesions 

were associated with history of oral contraceptive intake. In the present series, 71 out of 

these 76 adenomatosis lesions were associated with discontinuation of OCP intake and 31 

(43.6%) of these lesions decreased in size. In addition, no significant difference in size 

change was observed between adenomas and adenomatosis.

The present study has limitations. First, this is a single centre retrospective study. Second, 

histopathology confirmation was not available for all the HA lesions; however, HA is a 

benign disease with typical imaging features and a biopsy may not be clinically indicated. 

Last, although the present study cohort was followed up over a mean duration of 43 months, 

there were three lesions with a relatively short follow-up of 1 month. The small follow-up 

duration may make a clinically relevant conclusion difficult for these few lesions.

In conclusion, most non-surgical adenomas were either stable or regressed in size on average 

follow-up of 43 months suggesting a reduced need for extended or frequent imaging follow-

up in these patients. Additionally, size change was independent of baseline HA size, but 

related to fat infiltration within the HA lesion. After an initial decrease in size within 5 years 

of HA detection, no further size reduction was noted on extended follow-up. Finally, the 

percent size change in the HA-H subtype and HA-I subtype was not different. Future studies 

with larger and possibly multi-institutional databases may be needed to confirm the present 

findings in order to help fulfil the need for definitive guidelines regarding the imaging 

follow-up of hepatic adenoma and adenomatosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hepatic adenoma with haemorrhage in a 39-year-old woman. Axial T1WI in-phase (a) and 

T2WI with fat suppression (b) show a mass that is hyperintense with low signal in the 

periphery. These findings are consistent with bleeding within the lesion and rim of 

haemosiderin deposition.
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Figure 2. 
Hepatic adenoma in a 20-year-old woman. Axial enhanced T1WI in the hepatic arterial 

phase (a) shows an enhancing mass. Delayed phase of enhancement (b) shows washout and 

rim-like enhancement (arrow).
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Figure 3. 
Hepatic adenoma with fat infiltration in a 49-year-old woman. Axial T1W in-phase (a) and 

out-phase (b) images show a mass with signal drop on out-phase image (arrow), which is 

consistent with a lipid-containing lesion. The capsule is noted as a rim of low signal 

intensity around the lesion on in-phase image (a). Axial enhanced T1WI in the hepatic late 

arterial phase (c) and delayed phase (d) shows the lesion to have minimal enhancement. Of 

note, the late arterial phase image acquisition might be the reason for the apparent lack of 

hypervascularity in this lesion.
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Table 2

Demographic information.

Age, mean (SD, range), years

All patients 41 (10, 20–58)

Sex, n (%)

 Female 43 (98)

 Male 1 (2)

Ethnicity, n (%)

 White 32 (73)

 African American 10 (23)

 Asia 2 (4)

Diagnosis, n (%) Patient Lesion

 Solitary adenoma 9 (20) 9 (6)

 Multiple adenomas 18 (41) 52 (37)

 Adenomatosis 17 (39) 81 (57)

  Total number 44 142

Size Patient (lesion) Follow-up, mean (range), months

 <3 cm 28 (80) 46 (1–139)

 3–5 cm 17 (34) 40 (1–108)

 ≥5 cm 18 (28) 40 (1–108)

History of OCPs/hormone Patient (lesion)

 Taking and discontinuation 35 (122)

 Taking without termination 1 (5)

 NA 8 (15)

SD, standard deviation; OCP, oral contraceptive pills; NA, not applicable.
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Table 3

Lesion characteristics (n).

Bleeding (mean size=7.4 cm) 8 (6)

Capsule 36 (26)

Heterogeneous
a 15 (11)

Homogeneous 127 (89)

Total number 142

Fat infiltration 43 (32)

Total number 134

TI weighted

 Hyperintensity 4 (3)

 Iso-intensity 118 (88)

 Hypointensity 12 (9)

Total number 134

T2 weighted

 Hyperintensity 90 (67)

 Iso-intensity 37 (28)

 Hypointensity 7 (5)

Total number 134

Dynamic enhanced MRI

 Wash out 70 (53)

 Persistent enhancement 49 (37)

 No enhancement 14 (10)

Total number 133

DW (b = 750 s/mm2)

 Hyperintensity 66 (63)

 Iso-intensity 36 (34)

 Hypointensity 3 (3)

Total number 105

Numbers in parentheses are percentages.

a
Heterogeneity was defined as any difference in SI or density within the lesion on T1WI or T2WI or CT images.
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Table 5

Size change based on fat content.

Variables With fatty infiltration Without fatty infiltration p-Value

Number of lesions (n) 43 91 NA

Size at baseline (cm) 3.6±2.4 (0.5–11) 2.6±2.5 (0.4–13.4) NA

Size at follow-up (cm) 2.6±2 (0–10.8) 2.5±2.5 (0.4–13.4) NA

Mean Size change (%) −2.9±19.1 −24.1±26.9 ≤0.0001

Mean Duration (months) 42±31.8 (4–108) 42.5±42.7 (1–139) 0.942

Numbers in parentheses are range.
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