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Abstract

Hepatocellular adenomas (HCAs) are benign liver tumors associated with

bleeding or malignant transformation. Data on the indication for surgery are

scarce. We analyzed indications and outcome of patients operated for

HCAs < 50mm compared to HCAs ≥ 50mm. Changes in final postoperative

diagnosis were assessed. We performed a retrospective study that included

patients who underwent resection for (suspected) HCAs in the Netherlands

from 2014 to 2019. Indication for resection was analyzed and stratified for small

(<50mm) and large (≥50mm) tumors. Logistic regression analysis was

performed on factors influencing change in tumor diagnosis. Out of 222 patients

who underwent surgery, 44 (20%) patients had a tumor <50mm. Median age

was 46 (interquartile range [IQR], 33–56) years in patients with small tumors

and 37 (IQR, 31–46) years in patients with large tumors (p = 0.016). Patients

with small tumors were more frequently men (21% vs. 5%, p = 0.002). Main

indications for resection in patients with small tumors were suspicion of (pre)

malignancy (55%), (previous) bleeding (14%), and male sex (11%). Patients

with large tumors received operations because of tumor size >50mm (52%),

suspicion of (pre)malignancy (28%), and (previous) bleeding (5.1%). No

difference was observed in HCA‐subtype distribution between small and large

tumors. Ninety‐six (43%) patients had a postoperative change in diagnosis.

Independent risk factors for change in diagnosis were tumor size <50mm

(adjusted odds ratio [aOR], 3.4; p < 0.01), male sex (aOR, 3.7; p = 0.03), and

lack of hepatobiliary contrast‐enhanced magnetic resonance imaging (CE‐MRI)

(aOR, 1.8; p = 0.04). Resection for small (suspected) HCAs was mainly

indicated by suspicion of (pre)malignancy, whereas for large (suspected) HCAs,

tumor size was the most prevalent indication. Male sex, tumor size <50mm,

and lack of hepatobiliary CE‐MRI were independent risk factors for post-

operative change in tumor diagnosis.

INTRODUCTION

Hepatocellular adenomas (HCAs) are benign liver tumors
that are frequently associated with chronic oral contra-
ceptive pill use and obesity.[1,2] Complications are asso-
ciated with tumor size ≥50mm. Large HCAs (≥50mm)
are associated with hemorrhage (15%–20%) and a small
chance of malignant transformation to hepatocellular
carcinoma (HCC; 1.6%), whereas both of these

complications are rare in HCAs < 50mm.[3–6] According
to current international guidelines, size >50mm is an
indication for resection.[7,8] The role of liver resection for the
treatment of smaller HCAs, however, remains unclear.[7]

The key to noninvasive HCA management is the
HCA's ability to stabilize or regress in size after estrogen
lowering and lifestyle advice (oral contraceptive pill
cessation and weight loss).[2,9] Since 2016, European
guidelines recommend lifestyle changes for 6 months
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before surgery in HCAs ≥ 50mm in women, after which
HCA response is evaluated.[7] Invasive treatment is
recommended if HCA size remains ≥50mm, whereas a
noninvasive approach is advocated in HCAs < 50mm.[7]

The 50‐mm diameter cutoff for invasive treatment is
regardless of any significant response in terms of
regression in size. International guidelines unequivocally
recommend intervention for HCAs in all male patients
because of the high rate of malignant transformation,
regardless of any co‐occurring metabolic disease.[7,8,10,11]

HCA‐related symptoms include nausea, fatigue, bloating,
and pain.[12] These symptoms have been related to
significant quality of life (QoL) impairment, and surgical
resection may be an effective treatment relief.[12]

Indications for resection of HCAs are clear and concise in
current European guidelines, which discourage resection of
HCAs < 50mm in women. However, up to one third of all
resected benign liver tumors, including HCAs, are <50mm.
Data on indications for resection in this specific group remain
scarce.[13–15] Evaluation of indications for resection of HCAs,
and especially HCAs < 50mm, could assist clinicians and
patients in future treatment decisions. In the current study,
we aimed to provide an evaluation of resection indications
for small (suspected) HCAs < 50mm in comparison to
larger HCAs (≥50mm) in a nationwide cohort. We also
analyzed changes in final postoperative diagnosis.

MATERIALS AND METHODS

A nationwide observational cohort study was performed in
the Netherlands. Data were retrieved from the Dutch
Hepato Biliary Audit, which is a mandatory nationwide
registry in which all Dutch liver surgery centers record all
liver resections performed. Data verification was performed
by a trusted third party to provide insight into data
completeness and quality.[16] Additional data, including
indications for resection, were collected from local electronic
patient files. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines were
adhered to in study design and manuscript preparation.[17]

The Medical Ethical Committee of the University Medical
Center Groningen (UMCG) confirmed that the Law on
Medical Scientific Research involving human subjects did
not apply (MEC 2020‐004). All local ethical and scientific
committees were consulted for study approval. The study
was registered before initiation in the UMCG research
registry (UMCG RR#201900849) and in all local research
registries when obliged.

Patient selection

Included were patients who underwent liver resection in
the Netherlands for (presumed) HCAs (i.e., patients with
suspected HCA but later with a proven alternate
diagnosis, for example, focal nodular hyperplasia

[FNH] or malignancy, were also included). Inclusion
period was defined as patients having an operation
between January 1, 2014, and December 31, 2019, and
registered in the mandatory audit before April 1, 2020.
Patients were excluded when surgery was indicated by
(suspicion of) hepatic malignancy, but definitive post-
operative pathological tumor diagnosis was HCA.
Patients were also excluded if information regarding
date of birth, date of surgery, or type of intervention was
missing.

Outcomes

Primary outcome was the main indication for resection
for presumed HCAs as determined by the local
(multidisciplinary tumor board) practitioner(s), strati-
fied for small HCAs (largest tumor diameter < 50 mm)
and large HCAs (largest tumor diameter ≥ 50mm).
Indications were compared between regional hospital
versus tertiary referral hospitals. When multiple HCAs
were resected, the largest tumor diameter was
registered.

Secondary outcomes included 30‐day major morbidity,
defined as a Clavien‐Dindo grade IIIa or greater compli-
cation (i.e., requiring re‐intervention, medium care or
intensive care management, organ failure, or death) within
30 days of surgery, and 30‐day mortality defined as death
within 30 days of surgery.[18] Changes in preoperative
diagnosis and diagnosis after final postoperative histopa-
thological analysis were scored. Patients for whom there
was doubt on preoperative diagnosis were also scored as
such (e.g., preoperative doubt on HCA/FNH). In this
analysis, all (suspected) primary and secondary malig-
nancies were characterized as “malignancy.”

Variables

Patient characteristics included age, sex, American Society
of Anesthesiologists classification, comorbidity score
according the Charlson Comorbidity Index, previous med-
ical history of liver disease, and a history of previous liver
resection. Tumor characteristics included number of HCAs
and diameter of largest HCA before treatment as well as
subtype of HCA. Treatment characteristics included surgical
approach (i.e., open or minimally invasive approach), major
(three or more adjacent Couinaud hepatic segments) or
minor resection, and type of hospital (i.e., tertiary referral
hospital or regional hospital) where treatment was per-
formed. The conclusion on any (pre)malignant tumor was
derived from the original radiology and histopathology
reports. The indication “suspicion of (pre)malignancy” was
only scored as such if the radiology and/or histopathology
reports regarded the tumors as such. Imaging and/or
pathology were not centrally re‐reviewed.
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Statistical analyses

Dichotomous data were presented as proportions.
Continuous variables were reported as median with
interquartile range (IQR). Variable distribution was
assessed by plotting histograms. Categorical variables
were expressed as number and percentage. Variables
were analyzed using appropriate statistical tests for
variable type and distribution. Multivariate analysis
using logistic regression was performed, with reporting
of odds ratio (OR), adjusted OR (aOR), and 95%
confidence interval (95% CI). Covariates were included
if p < 0.10 after univariate analysis and were corrected
for interaction when necessary. Parameters with two‐
tailed p < 0.05 were considered statistically significant.
All analyses were performed in R version 4.1.0. (R Core
Team, 2021; R Foundation for Statistical Computing,
Vienna, Austria). Study data were collected and
managed using REDCap electronic data capture tools
hosted at the UMCG.[19,20]

RESULTS

Baseline characteristics

A total of 222 patients who underwent surgery for
(suspected) HCAs were included, of whom 44 (20%)
patients had small tumors (< 50 mm) and 178 (80%)
patients had large tumors (≥ 50 mm) (Figure S1).
Patients with small tumors were older (46 years vs.
38 years, p = 0.016) and more frequently men (20%
vs. 5.1%, p = 0.002) than patients with large tumors.
In both groups, 33% of patients had hepatic steatosis.
Median tumor diameter was 30 (21–40) mm in
patients with small tumors compared to 83 (64–110)
mm in patients with large tumors (Table 1; p < 0.001).
Bilobar presence of tumors was approximately
35%–40% in both groups. The number of tumors
was comparable in both groups, with 60% of patients
diagnosed with one tumor and 20% with two tumors
(Table 1).

Overall use of preoperative magnetic resonance
imaging (MRI) was similar between the two groups
(86% vs. 92%, p = 0.37), although hepatobiliary
contrast enhanced MRI (CE‐MRI) was less often used
in patients with small tumors (58% vs. 71%, p = 0.008).
Preoperative histopathology was obtained in five (11%)
patients with small tumors compared to 42 (24%)
patients with large tumors (p = 0.12; Table 1).

Discussion of the indication for surgery in a multi-
disciplinary team meeting occurred in 91% of patients
with small tumors and in 89% of patients with large
tumors (p = 0.97). A multidisciplinary team meeting,
however, was more often consulted in tertiary referral
centers (94%) than in regional hospitals (75%;
p < 0.001) before surgery.

Indications for surgery

Indications for resection differed between patients with
small and large tumors (p < 0.001). In patients with small
tumors <50mm, the most common indication for resection
(55%) was suspicion of (pre)malignancy (either on imaging
or on histopathological analyses) (Figure 1A). Other
indications for resection of small tumors were (previous)
tumor hemorrhage (14%), male sex (11%), pregnancy
wish (4.5%), tumor growth (4.5%), and patient uncertainty
(4.5%) (Table S1). The main indication for resection of
large tumors ≥50mm was tumor size (52%), followed by
suspicion of (pre)malignancy (27%), histopathological
features of beta‐catenin‐mutated HCAs (b‐HCAs; 5.6%),
and (previous) hemorrhage (5.1%) (Figure 1B). Other
reasons were abdominal complaints (i.e., pain, bloating, or
tiredness), exophytic tumor growth, HCA‐induced
amyloidosis, and HCA‐induced anemia. In regional
hospitals, more HCAs were resected because of
previous hemorrhage (12% vs. 5.3%) or male sex (12%
vs. 1.2%) when compared to tertiary referral centers
(p = 0.004) (Table 2). All patients receiving an operation
due to male sex received an MRI, and no difference in MR
contrast was observed (p = 0.11).

Preoperative histopathological and
imaging characteristics

A total of 47 patients (21%) had undergone preoperative
biopsy, more often in large tumors (42/178) than in small
tumors (5/44), albeit not significantly (p = 0.12; Table 1).
Eventually, 11 patients (23%) with a preoperative biopsy
underwent resection because of cellular atypia (Table S1).
At final pathology, 10 of those were diagnosed as HCAs and
one as FNH. Sixty‐one out of 175 (35%) patients without
preoperative biopsy were operated on because of sus-
pected (pre)malignancy on MRI. Of those, 34 patients (56%)
had undergone a preoperative CE‐MRI with liver‐specific
contrast agent (7/20 [44%] patients with tumors <50mm and
27/41 [66%] patients with tumors ≥50mm [p = 0.22]).

Final histopathological outcomes and risk
factors for change in diagnosis

At final pathology, no differences were observed for
HCA subtypes between tumor size groups (Table 3).
However, FNH was diagnosed in 24 patients,
comprising 21% of the smaller tumors vs. 8.5% of the
resected larger tumors (p = 0.11). Of all 24 patients with
FNH at final pathology, 22 patients (92%) had
undergone MRI in the preoperative workup, and in 14
patients (64%), a liver‐specific contrast agent was
administered. In the total cohort, use of hepatobiliary
CE‐MRI was similar for male and female patients
(p = 0.10). In patients with tumors <50mm,
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hepatobiliary CE‐MRI was used in the diagnostic
workup of three men (33%) and in 19 women (54%)
(p = 0.46). At final pathology, 6/9 male patients were
diagnosed with FNH compared to 3/35 female patients;
p < 0.001. From the six male patients with resected
FNH < 50mm, none had preoperative histopathology
analyzed, and indications for resection were suspicion
of (pre)malignancy on MRI (n = 3) and because of male
sex with HCA suspicion (n = 3). Three resected tumors
turned out to be HCCs, all in female patients with
tumors ≥ 50mm (Figure 1B). Indication for resection of
two HCCs was because of tumor size ≥ 50mm (with
co‐occurring tumor growth), and one HCC was resected
because of suspicion of (pre)malignancy.

Analysis of significant changes in preoperative and
postoperative diagnosis revealed 96 (43%) changed
diagnoses (Figure 2). A change in diagnosis was
observed in 14 (78%) male patients compared to 82
(40%) female patients (p < 0.01), in 31 (70%) small
tumors compared to 65 (37%) large tumors (p < 0.001),
and in 46 (54%) patients without preoperative hepato-
biliary CE‐MRI compared to patients with hepatobiliary

CE‐MRI available (p < 0.05). No differences were seen
between patients with or without MRI or with or without
percutaneous biopsy. These observations were similar in
univariate logistic regression, which demonstrated an
increased risk of diagnostic change in male patients
(OR, 5.2; 95% CI, 1.8–18.9; p < 0.01), in tumors
<50mm (OR, 4.1; 95% CI, 2.1–8.7; p < 0.001), and in
patients without hepatobiliary CE‐MRI (OR, 2.1; 95% CI,
1.2–3.6; p < 0.05). Use of MRI regardless of use of
contrast (type) did not influence diagnostic change
(p = 0.44) and neither did use of percutaneous biopsy
(p = 0.27). A model was constructed including sex, tumor
size category, and use of hepatobiliary CE‐MRI
(Figure 3). All included variables proved independent
risk factors for change in diagnosis: tumors <50mm
(aOR, 3.4; 95% CI, 1.7–7.4; p < 0.01), male sex (aOR,
3.7; 95% CI, 1.2–13.8; p = 0.03), and lack of
hepatobiliary CE‐MRI (aOR, 1.8; 95% CI, 1.0–3.3;
p = 0.04). Influence of a sex–tumor size category
interaction was explored, including the three aforemen-
tioned variables, but did not improve the model
(aOR, 2.6; 95% CI, 0.2–66.3; p = 0.48).

TABLE 1 Baseline characteristics of patients with (suspected) HCA, stratified by tumor diameter

Characteristic Tumor < 50mm (n = 44) Tumor ≥ 50mm (n = 178) p valuea

Female sex 35 (80) 169 (95) 0.002

Age at surgery (years) 46 (33–56) 38 (31–46) 0.016

Body mass index (kg/m2) 27 (22–32) 28 (24–32) 0.68

Charlson Comorbidity Index 0.70

CCI 0/1 43 (98) 169 (95)

CCI ≥ 2 1 (2) 9 (5)

American Society of Anesthesiology 0.013

ASA I/II 33 (75) 162 (91)

ASA ≥ III 10 (23) 15 (8.4)

Missing 1 (2.3) 1 (7.9)

Preoperative MRI 38 (86) 164 (92) 0.37

MRI contrast agent 0.008

Liver‐specific contrast agent 7 (16) 36 (20)

Extracellular contrast agent 22 (50) 115 (65)

No contrast administered 9 (21) 11 (6.2)

Missing 6 (14) 16 (9.0)

Number of tumors 0.52

1 tumor 26 (59) 107 (60)

2–5 tumors 9 (21) 36 (20)

6–9 tumors 2 (4.5) 9 (5.1)

≥10 tumors 2 (4.5) 2 (1.1)

Missing 5 (11) 24 (14)

Diameter of largest tumor (mm) 30 (21–40) 83 (64–110) <0.001

Bilobar tumor occurrence 15 (34) 74 (42) 0.43

Note: Data show number (%). Continuous values are provided as median and interquartile range.
Abbreviations: ASA, American Society of Anesthesiology; CCI, Charlson Comorbidity Index; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; HCC,
hepatocellular carcinoma; MRI, magnetic resonance imaging.
ap < 0.05 is significant.
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Surgical outcomes

No difference in frequency of surgery was observed
throughout the years. During the inclusion period, there
was a trend toward more frequent laparoscopic resections
in patients with smaller tumors (67% vs. 53%; p = 0.13).
Major resections (n = 56) were more often performed in
patients with large tumors. Sixteen (29%) major resections
were performed through laparoscopy. Postoperative out-
comes were similar for patients who underwent surgery
for small or large tumors, with 30‐day major morbidity
<3% and 30‐day mortality <1% (Table 3).

DISCUSSION

In this study, indications for resection of small (suspected)
HCAs compared to large HCAs were investigated in a
nationwide cohort. The study included 222 patients, of

whom 44 patients (20%) underwent surgery for small
tumors (<50mm). Half of patients with small tumors were
operated on because of suspicion of (pre)malignancy, and
the remaining patients mainly underwent surgery because
of (previous) hemorrhage or male sex; for patients with
large tumors, the most prevalent indication was tumor size
itself. A logistic regression model showed that male sex
(aOR, 3.7), small tumor size (aOR, 3.4), and lack of
hepatobiliary CE‐MRI (aOR, 1.8) were independent risk
factors for a postoperative change in diagnostic.

The diagnostic process for benign liver tumors is
complex because of the distinct clinical and risk profiles
between and within benign liver tumors in often
relatively young and healthy patients. When it comes
to decision making to proceed to surgery, some
indications are stronger because of a clear tradeoff
between the benefit and (potential) harm of surgery.
Risk of malignant transformation is such an indication,
which is reflected in the observed indications in our

F IGURE 1 Alluvial plots depicting the individual distribution of indication for resection in patients with (A) HCAs < 50mm or (B) HCAs ≥
50mm, grouped by sex and final diagnosis. AA‐amyloidosis, amyloid A amyloidosis; b‐HCA, beta‐catenin mutated hepatocellular adenoma; FNH,
focal nodular hyperplasia; HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma.

TABLE 2 Grouped indications for surgery and postoperative diagnosis of patients with hepatocellular adenoma, stratified for hospital type

Characteristic Regional hospital (n = 52) Tertiary referral hospital (n = 170) p value
Indication of surgery, n (%) 0.004**

Hemorrhage (old or new) 6 (12) 9 (5.3)

Abdominal complaints 1 (1.9) 7 (4.1)

Size ≥ 50mm 22 (42) 70 (41)

Atypia tumor 15 (29) 67 (39)

Male sex 6 (12) 2 (1.2)

Other 2 (3.8) 15 (8.8)

**p < 0.01.
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study cohort. In half of patients with small tumors,
surgery was performed because of suspicion of (pre)
malignancy on imaging or histopathology and the same
holds true for almost a third of patients with large
tumors. All 18 male patients in our cohort were operated

on because of their sex in combination with (suspicion
of) HCA diagnosis. Male sex is an independent
risk factor for malignant transformation, and the
premalignant b‐HCAs occur more often in men, which
may justify the indication for resection.[3,4,6] Male

TABLE 3 Operative characteristics and final histopathology of patients with (suspected) HCA, stratified for tumor diameter

Characteristic Tumors < 50mm (n = 44) Tumors ≥ 50mm (n = 178) p valuea

Final histopathology

Tumor diagnosis 0.11

HCA 35 (80) 159 (89)

FNH 9 (20) 15 (8.4)

HCC 0 (−) 3 (1.7)

Angiomyolipoma 0 (−) 1 (0.6)

HCA subtype 0.13

I‐HCA 18 (41) 99 (56)

H‐HCA 5 (11) 14 (7.9)

b‐HCA / b‐IHCA 0 (−) 11 (6.2)

U‐HCA 2 (4.5) 8 (4.5)

No subtype analyses performed 10 (23) 27 (15)

Alternate tumor than HCA 9 (21) 19 (11)

Postoperative change in tumor diagnosis 31 (71) 65 (37) <0.001

Operative characteristics and outcomes

Year of surgery 0.20

2014 8 (18) 28 (16)

2015 9 (21) 27 (15)

2016 4 (9.1) 36 (20)

2017 12 (27) 27 (15)

2018 5 (11) 34 (19)

2019 6 (14) 26 (15)

Type of resection 0.042

Wedge resection 11 (25) 29 (16)

Segment resection 28 (64) 99 (56)

Left hemihepatectomy 0 (−) 6 (3.4)

Right hemihepatectomy 1 (2.3) 38 (21)

Extended left hemihepatectomy 0 (−) 1 (0.6)

Extended right hemihepatectomy 0 (−) 1 (0.6)

Missing 4 (9.1) 4 (2.2)

Extensiveness of resection <0.001

Minor resection 43 (98) 123 (69)

Major resection 1 (2) 55 (31)

Surgical approach 0.13

Open 14 (32) 83 (47)

Laparoscopic 29 (66) 94 (53)

Missing 1 (2.3) 1 (0.6)

30‐day major morbidityb 1 (2) 3 (1.7) 1.00

30‐day mortality 0 (−) 1 (0.6) 1.00

Note: Data show number (%); continuous values are provided as median and interquartile range.
Abbreviations: b‐HCA, beta‐catenin mutated HCA; b‐IHCA, hybrid b‐HCA; FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; HCC, hepatocellular
carcinoma; H‐HCA, hepatocyte nuclear factor 1A inactivated HCA; I‐HCA, inflammatory HCA; U‐HCA, unclassified HCA.
ap < 0.05 is significant.
bDefined as Clavien‐Dindo score ≥ 3a.
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patients with HCAs due to metabolic disease, like
hepatocyte nuclear factor 1A (HNF1A) maturity‐onset
diabetes of the young (HNF1A‐MODY) or glycogen
storage disease, might be exceptions, but future
research is needed for definite answers regarding
oncologic safety.[21,22] HNF1A‐MODY should especially
be considered if multiple HNF1A‐inactivated HCAs (H‐
HCAs), which can be preceded by diabetic symptoms,
are observed in a (male) patient.[21] Because H‐HCAs
generally demonstrate very limited risk of bleeding or
malignant transformation, a conservative approach with
follow‐up imaging may be warranted, also in male
patients. Future research on oncologic safety is needed
for definite conclusions as HNF1A mutations are rare
but have been observed in 1.5% of resected HCCs, and
a family with HNF1A‐MODY and H‐HCA‐induced
primary hepatic malignancies has been reported.[23,24]

Relative indications, such as abdominal complaints
or patient uncertainty, were observed in only five (11%)
patients with small tumors and in 10 (5.6%) patients
with large tumors. It is assumed that the severity of
symptoms led to the indication for resection; however, in
the absence of well‐developed QoL instruments for

patients with benign liver tumors, it remains difficult to
assess the burden of disease.

Prevention of hepatic hemorrhage by tumor rupture,
which is size dependent and is low in tumors <50mm, is
another important indication for invasive tumor
treatment.[5,6] Tumor size was the deciding factor in
half of patients with large tumors ≥ 50mm. Risk of HCA
bleeding is especially increased in exophytic HCAs.[5,25]

In our series, exophytic growth was an indication for
only three cases, whereas previous hemorrhage was an
indication in 15 cases. European guidelines do not
consider previous tumor hemorrhage as an absolute
indication for surgery, although in rare cases, such as
bleeding in exophytic HCAs, previous hemorrhage can
be a relative indication for intervention. Before deciding
on HCA treatment after bleeding, HCAs should first be
observed for posthemorrhagic necrosis‐induced regres-
sion, which might remove the need for tumor
resection.[25] Finally, current European guidelines rec-
ommend HCA resection if size remains >50mm
6 months after lifestyle alterations (i.e., ceasing oral
contraceptive pill use and weight loss). However,
6 months might be a too short interval for large HCAs

F IGURE 2 Alluvial plot depicting the change in tumor diagnosis before and after resection in the total cohort. FNH, focal nodular hyperplasia;
HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma.

F IGURE 3 Forest plot of logistic regression analysis on risk factors for change in tumor diagnosis. CE‐MRI, contrast enhanced magnetic
resonance imaging. *p < 0.05, **p < 0.01.
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to regress sufficiently, and data suggest that watchful
waiting can be prolonged safely.[9,26]

The clinical decision process is dependent on the
(suspected) preoperative tumor diagnosis. A postoper-
ative change in tumor diagnosis was observed fre-
quently (43%). Although amounting for only a small
number of total cases, preoperative diagnosis was
altered from HCA or (pre)malignancy to FNH in six out
of the nine male patients with tumors <50mm. A
therapeutically defensive approach by resecting tumors
not distinguishable between HCAs or FNH in male
patients is conceivable; however, preoperative diag-
nostic workup should be adequate. Our findings that
especially male sex, small tumors, and lack of
hepatobiliary CE‐MRI were independently associated
with increased risk of change in diagnosis may highlight
the need to improve the diagnostic process to prevent
unnecessary hepatic surgery. We propose to perform a
hepatobiliary CE‐MRI in all patients with (suspected)
HCAs, and to perform a percutaneous biopsy whenever
there is doubt on tumor diagnosis after this imaging.
Furthermore, all (suspected) HCAs in male patients
should be confirmed through percutaneous liver biopsy,
preferably through histopathological molecular analysis
due to higher diagnostic sensitivity.[27] A suspicion of
malignant transformation after hepatobiliary CE‐MRI
needs to be confirmed by liver biopsy, especially in
tumors <50mm and in male patients. In our opinion,
potential complications and morbidity following
unnecessary surgery outweigh the limited risk of
biopsy‐induced bleeding. Molecular analysis is more
able to diagnose b‐HCA (catenin beta 1 gene CTNNB1)
and should supplement immunohistochemistry when-
ever a beta‐catenin mutation is suspected.[27] Molecular
analysis also allows for differentiation between exon 3
and exon 7/8 CTNNB1 HCA mutations, the latter having
less malignant potential, although exon 7/8 mutated
HCAs transforming into HCCs have been observed.[6,28]

Of note, percutaneous tumor ablation is minimally
invasive, effective, and safe in treating hepatic malig-
nancies and HCAs and could be performed in the same
session directly after the histologic biopsy in tumors
<50mm.[29,30]

A limitation of the current study is the retrospective
assessment of preoperative diagnostic workup, includ-
ing imaging, as the radiologic analysis often contains
many nuances open to varying interpretations. In
addition, the current data do not allow for analysis of
indications per HCA subtype, which may have been
potentially insightful and could be analyzed in future
studies. Another potential limitation is the accuracy
and coverage of the included registry data. Third‐party
data verification has deemed 97% of the data
accurate, yet not all specific information concerning
operative outcomes could be obtained.[16] Because the
current study reflects the historical decision‐making
process from 2014 to 2019 in a nationwide cohort,

substantial improvements in diagnostic workup have
been made since, including identification of new HCA
subtypes. For example, sonic hedgehog‐mutated
HCAs (sh‐HCAs) have been discovered in recent
years, which represent 4% of HCAs.[6,31] Sh‐HCAs are
especially at increased risk of tumor bleeding.[6]

Unfortunately, immunohistochemical staining of argi-
ninosuccinate synthetase 1 or molecular character-
ization of inhibin beta E chain with GLI family zinc
finger 1 (GLI1) was not routine practice during the
study period.[6,31,32]

Future studies on preoperative modality and final
tumor diagnosis are needed to uncover potential areas of
improvement of care. Although some extent of diagnostic
uncertainty occurs in every modality, suboptimal use of
imaging modalities or radiologic contrast agents might
lead to unnecessary diagnostic ambiguity. Second, the
“relative” indications for resection of (suspected) HCAs,
like impact on QoL by psychological burden or abdominal
complaints, should be further explored. This necessitates
both development and validation of QoL tools or patient‐
related outcome instruments specifically for patients with
benign liver tumors as well as analysis of these potential
consequences in a cohort.

In conclusion, surgery for small HCAs was mainly
indicated by suspicion of (pre)malignancy, whereas for
large (suspected) HCAs, tumor size was the most
prevalent indication. Male sex, tumor size <50mm, and
lack of hepatobiliary CE‐MRI were independent risk
factors for postoperative change in tumor diagnosis.
Future studies should focus on evaluation of preoper-
ative diagnostics as well as exploration of QoL‐related
indications, such as patient uncertainty or abdominal
complaints.

AUTHOR CONTRIBUTIONS
Martijn P. D. Haring: manuscript and figure drafting,
data collection, data analysis, study design. Arthur K.
E. Elfrink: study design, data analysis, review of
manuscript. Christiaan A. J. Oudmaijer, Paul C. M.
Andel, Alicia Furumaya, Nenke de Jong, Colin J. J. M.
Willems, Thijs Huits, Julie M. L. Sijmons, Joris I.
Erdmann, Paul Gobardhan, Robbert J. de Haas,
Tjarda van Heek, Hwai‐Ding Lam, Wouter K. G.
Leclercq, Mike S. L. Liem, Hendrik A. Marsman, Gijs
A. Patijn, Türkan Terkivatan, Babs M. Zonderhuis,
Izaak Quintus Molenaar, Wouter W. te Riele, Jeroen
Hagendoorn, Alexander F. M. Schaapherder, Jan N.
M. IJzermans, Carlijn I. Buis, Joost M. Klaase, Koert P.
de Jong: study design, data collection, review of
manuscript; Vincent E. de Meijer: study design, figure
drafting, data analysis supervision, review of
manuscript.

CONFLICT OF INTEREST
Nothing to report.

HEPATOLOGY COMMUNICATIONS | 9

D
ow

nloaded from
 http://journals.lw

w
.com

/hepcom
m

 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/30/2023



DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author on reasonable request.

ETHICAL APPROVAL
Ethical approval was obtained from the Medical Ethical
Committee in the UMCG (MEC 2020‐004 & UMCG
Research Registry 201900849), and confimed all other
partipating centers. All data was collected and proc-
essed according to relevant privacy laws.

ORCID
Martijn P. D. Haring https://orcid.org/0000–0003–
4789–3910
Arthur K. E. Elfrink https://orcid.org/0000–0003–
2332–2849
Christiaan A. J. Oudmaijer https://orcid.org/0000–
0003–4852–6514
Alicia Furumaya https://orcid.org/0000–0001–5897–
0438
Julie M. L. Sijmons https://orcid.org/0000–0002–
4914–4537
Eric J. T. Belt https://orcid.org/0000–0002–1211–
369X
Koop Bosscha https://orcid.org/0000–0002–7961–
3314
Esther C. J. Consten https://orcid.org/0000–0002–
9447–8181
Mariëlle M. E. Coolsen https://orcid.org/0000–0002–
1608–6668
Peter van Duijvendijk https://orcid.org/0000–0002–
0441–6180
Joris I. Erdmann https://orcid.org/0000–0001–8233–
1505
Paul Gobardhan https://orcid.org/0000–0001–5888–
0483
Robbert J. de Haas https://orcid.org/0000–0002–
4915–6781
Hwai‐Ding Lam https://orcid.org/0000–0002–4235–
6916
Wouter K. G. Leclercq https://orcid.org/0000–0003–
1159–1857
Mike S. L. Liem https://orcid.org/0000–0001–8665–
1506
Gijs A. Patijn https://orcid.org/0000–0001–8113–
4171
Türkan Terkivatan https://orcid.org/0000–0002–
2541–1530
Izaak Quintus Molenaar https://orcid.org/0000–0002–
1585–7184
Wouter W. te Riele https://orcid.org/0000–0002–
5256–3919
Jeroen Hagendoorn https://orcid.org/0000–0001–
8737–3923

Alexander F. M. Schaapherder https://orcid.org/0000–
0003–3262–9041
Jan N. M. IJzermans https://orcid.org/0000–0003–
3558–1039
Carlijn I. Buis https://orcid.org/0000–0002–2379–
3723
Joost M. Klaase https://orcid.org/0000–0002–4409–
2280
Koert P. de Jong https://orcid.org/0000–0001–6345–
653X
Vincent E. de Meijer https://orcid.org/0000–0002–
7900–5917

REFERENCES
1. Edmondson HA, Henderson B, Benton B. Liver‐cell adenomas

associated with use of oral contraceptives. N Eng J Med. 1976;
294:470–2.

2. Gevers TJG, Marcel Spanier BW, Veendrick PB, Vrolijk JM.
Regression of hepatocellular adenoma after bariatric surgery in
severe obese patients. Liver Int. 2018;38:2134–6.

3. Farges O, Ferreira N, Dokmak S, Belghiti J, Bedossa P, Paradis
V. Changing trends in malignant transformation of hepatocellular
adenoma. Gut. 2011;60:85–9.

4. Stoot JHMB, Coelen RJS, de Jong MC, Dejong CHC. Malignant
transformation of hepatocellular adenomas into hepatocellular
carcinomas: a systematic review including more than 1600
adenoma cases. HPB (Oxford). 2010;12:509–22.

5. Bieze M, Phoa SSKS, Verheij J, van Lienden KP, van Gulik TM.
Risk factors for bleeding in hepatocellular adenoma. Br J Surg.
2014;101:847–55.

6. Nault JC, Couchy G, Balabaud C, Morcrette G, Caruso S, Blanc
JF, et al. Molecular classification of hepatocellular adenoma
associates with risk factors, bleeding, and malignant trans-
formation. Gastroenterology. 2017;152:880–94.e6.

7. European Association for the Study of the Liver (EASL). EASL
clinical practice guidelines on the management of benign liver
tumours. J Hepatol. 2016;65:386–98.

8. Marrero JA, Ahn J, Reddy KR, Americal College of Gastro-
enterology. ACG clinical guideline: the diagnosis and manage-
ment of focal liver lesions. Am J Gastroenterol. 2014;109:
1328–47.

9. Haring MPD, Gouw ASH, de Haas RJ, Cuperus FJC, de Jong
KP, de Meijer VE. The effect of oral contraceptive pill cessation
on hepatocellular adenoma diameter: a retrospective cohort
study. Liver Int. 2019;39:905–13.

10. Haring MPD, Cuperus FJC, Duiker EW, de Haas RJ, de Meijer
VE. Scoping review of clinical practice guidelines on the
management of benign liver tumours. BMJ Open Gastroenterol.
2021;8:e000592.

11. Strauss E, Ferreira ASP, França AVC, Lyra AC, Barros FMR,
Silva I, et al. Diagnosis and treatment of benign liver nodules:
Brazilian Society of Hepatology (SBH) recommendations. Arq
Gastroenterol. 2015;52(Suppl. 1):47–54.

12. van Rosmalen B v., De Graeff JJ, van der Poel MJ, De Man IE,
Besselink M, Abu Hilal M, et al; Dutch Benign Liver Tumour
Group. Impact of open and minimally invasive resection of
symptomatic solid benign liver tumours on symptoms and quality
of life: a systematic review. HPB (Oxford). 2019;21:1119–30.

13. Dokmak S, Paradis V, Vilgrain V, Sauvanet A, Farges O, Valla D,
et al. A single‐center surgical experience of 122 patients with
single and multiple hepatocellular adenomas. Gastroenterology.
2009;137:1698–705.

10 | A NATIONWIDE ASSESSMENT OF HEPATOCELLULAR ADENOMA RESE

D
ow

nloaded from
 http://journals.lw

w
.com

/hepcom
m

 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/30/2023

https://orcid.org/0000-0003-4789-3910
https://orcid.org/0000-0003-4789-3910
https://orcid.org/0000-0003-4789-3910
https://orcid.org/0000-0003-4789-3910
https://orcid.org/0000-0003-2332-2849
https://orcid.org/0000-0003-2332-2849
https://orcid.org/0000-0003-2332-2849
https://orcid.org/0000-0003-2332-2849
https://orcid.org/0000-0003-4852-6514
https://orcid.org/0000-0003-4852-6514
https://orcid.org/0000-0003-4852-6514
https://orcid.org/0000-0003-4852-6514
https://orcid.org/0000-0001-5897-0438
https://orcid.org/0000-0001-5897-0438
https://orcid.org/0000-0001-5897-0438
https://orcid.org/0000-0001-5897-0438
https://orcid.org/0000-0002-4914-4537
https://orcid.org/0000-0002-4914-4537
https://orcid.org/0000-0002-4914-4537
https://orcid.org/0000-0002-4914-4537
https://orcid.org/0000-0002-1211-369X
https://orcid.org/0000-0002-1211-369X
https://orcid.org/0000-0002-1211-369X
https://orcid.org/0000-0002-1211-369X
https://orcid.org/0000-0002-7961-3314
https://orcid.org/0000-0002-7961-3314
https://orcid.org/0000-0002-7961-3314
https://orcid.org/0000-0002-7961-3314
https://orcid.org/0000-0002-9447-8181
https://orcid.org/0000-0002-9447-8181
https://orcid.org/0000-0002-9447-8181
https://orcid.org/0000-0002-9447-8181
https://orcid.org/0000-0002-1608-6668
https://orcid.org/0000-0002-1608-6668
https://orcid.org/0000-0002-1608-6668
https://orcid.org/0000-0002-1608-6668
https://orcid.org/0000-0002-0441-6180
https://orcid.org/0000-0002-0441-6180
https://orcid.org/0000-0002-0441-6180
https://orcid.org/0000-0002-0441-6180
https://orcid.org/0000-0001-8233-1505
https://orcid.org/0000-0001-8233-1505
https://orcid.org/0000-0001-8233-1505
https://orcid.org/0000-0001-8233-1505
https://orcid.org/0000-0001-5888-0483
https://orcid.org/0000-0001-5888-0483
https://orcid.org/0000-0001-5888-0483
https://orcid.org/0000-0001-5888-0483
https://orcid.org/0000-0002-4915-6781
https://orcid.org/0000-0002-4915-6781
https://orcid.org/0000-0002-4915-6781
https://orcid.org/0000-0002-4915-6781
https://orcid.org/0000-0002-4235-6916
https://orcid.org/0000-0002-4235-6916
https://orcid.org/0000-0002-4235-6916
https://orcid.org/0000-0002-4235-6916
https://orcid.org/0000-0003-1159-1857
https://orcid.org/0000-0003-1159-1857
https://orcid.org/0000-0003-1159-1857
https://orcid.org/0000-0003-1159-1857
https://orcid.org/0000-0001-8665-1506
https://orcid.org/0000-0001-8665-1506
https://orcid.org/0000-0001-8665-1506
https://orcid.org/0000-0001-8665-1506
https://orcid.org/0000-0001-8113-4171
https://orcid.org/0000-0001-8113-4171
https://orcid.org/0000-0001-8113-4171
https://orcid.org/0000-0001-8113-4171
https://orcid.org/0000-0002-2541-1530
https://orcid.org/0000-0002-2541-1530
https://orcid.org/0000-0002-2541-1530
https://orcid.org/0000-0002-2541-1530
https://orcid.org/0000-0002-1585-7184
https://orcid.org/0000-0002-1585-7184
https://orcid.org/0000-0002-1585-7184
https://orcid.org/0000-0002-1585-7184
https://orcid.org/0000-0002-5256-3919
https://orcid.org/0000-0002-5256-3919
https://orcid.org/0000-0002-5256-3919
https://orcid.org/0000-0002-5256-3919
https://orcid.org/0000-0001-8737-3923
https://orcid.org/0000-0001-8737-3923
https://orcid.org/0000-0001-8737-3923
https://orcid.org/0000-0001-8737-3923
https://orcid.org/0000-0003-3262-9041
https://orcid.org/0000-0003-3262-9041
https://orcid.org/0000-0003-3262-9041
https://orcid.org/0000-0003-3262-9041
https://orcid.org/0000-0003-3558-1039
https://orcid.org/0000-0003-3558-1039
https://orcid.org/0000-0003-3558-1039
https://orcid.org/0000-0003-3558-1039
https://orcid.org/0000-0002-2379-3723
https://orcid.org/0000-0002-2379-3723
https://orcid.org/0000-0002-2379-3723
https://orcid.org/0000-0002-2379-3723
https://orcid.org/0000-0002-4409-2280
https://orcid.org/0000-0002-4409-2280
https://orcid.org/0000-0002-4409-2280
https://orcid.org/0000-0002-4409-2280
https://orcid.org/0000-0001-6345-653X
https://orcid.org/0000-0001-6345-653X
https://orcid.org/0000-0001-6345-653X
https://orcid.org/0000-0001-6345-653X
https://orcid.org/0000-0002-7900-5917
https://orcid.org/0000-0002-7900-5917
https://orcid.org/0000-0002-7900-5917
https://orcid.org/0000-0002-7900-5917


14. Hoffmann K, Unsinn M, Hinz U, Weiss KH, Waldburger N,
Longerich T, et al. Outcome after a liver resection of benign
lesions. HPB (Oxford). 2015;17:994–1000.

15. Elfrink AKE, Haring MPD, de Meijer VE, IJzermans JNM,
Swijnenburg R‐J, Braat AE, et al. Surgical outcomes of
laparoscopic and open resection of benign liver tumours in the
Netherlands: a nationwide analysis. HPB (Oxford). 2021;23:
1230–43.

16. van der Werf LR, Kok NFM, Buis CI, Grünhagen DJ, Hoogwater
FJH, Swijnenburg RJ, et al. Implementation and first results of a
mandatory, nationwide audit on liver surgery. HPB (Oxford).
2019;21:1400–0.

17. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP, et al. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol.
2008;61:344–9.

18. Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of 6336
patients and results of a survey. Ann Surg. 2004;240:205–13.

19. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L,
et al. The REDCap consortium: building an international
community of software platform partners. J Biomed Inform.
2019;95:103208.

20. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.
Research electronic data capture (REDCap)—a metadata‐driven
methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009;42:377–81.

21. Haring MPD, Vriesendorp TM, Klein Wassink‐Ruiter JS, de
Haas RJ, Gouw ASH, de Meijer VE. Diagnosis of hepatocellular
adenoma in men before onset of diabetes in HNF1A‐MODY:
watch out for winkers. Liver Int. 2019;39:2042–5.

22. Haring MPD, Peeks F, Oosterveer MH, Brouwers MCGJ, Hollak
CEM, Janssen MCH, et al. High childhood serum triglyceride
concentrations associate with hepatocellular adenoma develop-
ment in patients with glycogen storage disease type Ia. JHEP
Rep. 2022;4:100512.

23. Willson JSB, Godwin TD, Wiggins GAR, Guilford PJ, McCall JL.
Primary hepatocellular neoplasms in a MODY3 family with a
novel HNF1A germline mutation. J Hepatol. 2013;59:904–7.

24. Hechtman JF, Abou‐Alfa GK, Stadler ZK, Mandelker DL, Roehrl
MHA, Zehir A, et al. Somatic HNF1A mutations in the malignant
transformation of hepatocellular adenomas: a retrospective analysis
of data from MSK‐IMPACT and TCGA. Hum Pathol. 2019;83:1–6.

25. Klompenhouwer AJ, de Man RA, Thomeer MG, IJzermans JN.
Management and outcome of hepatocellular adenoma with massive
bleeding at presentation. World J Gastroenterol. 2017;23:4579–86.

26. Klompenhouwer AJ, Bröker MEE, Thomeer MGJ, Gaspersz MP, de
Man RA, IJzermans JNM. Retrospective study on timing of resection
of hepatocellular adenoma. Br J Surg. 2017;104:1695–703.

27. van Rosmalen BV, Furumaya A, Klompenhouwer AJ, Tushuizen
ME, Braat AE, Reinten RJ, et al. Hepatocellular adenoma in
men: a nationwide assessment of pathology and correlation with
clinical course. Liver Int. 2021;41:2474–84.

28. Klompenhouwer AJ, Thomeer MGJ, Dinjens WNM, de Man RA,
IJzermans JNM, Doukas M. Phenotype or genotype: decision‐
making dilemmas in hepatocellular adenoma. Hepatology. 2019;
70:1866–8.

29. Mironov O, Jaberi A, Beecroft R, Kachura JR. Retrospective
single‐arm cohort study of patients with hepatocellular adenomas
treated with percutaneous thermal ablation. Cardiovasc Intervent
Radiol. 2018;41:935–41.

30. Hof J, Wertenbroek MWJLAE, Peeters PMJG, Widder J, Sieders
E, de Jong KP. Outcomes after resection and/or radiofrequency
ablation for recurrence after treatment of colorectal liver
metastases. Br J Surg. 2016;103:1055–62.

31. Sala M, Gonzales D, Leste‐Lasserre T, Dugot‐Senant N, Paradis
V, di Tommaso S, et al. ASS1 overexpression: a hallmark of

sonic hedgehog hepatocellular adenomas; recommendations for
clinical practice. Hepatol Commun. 2020;4:809–24.

32. Nault JC, Couchy G, Caruso S, Meunier L, Caruana L, Letouzé
E, et al. Argininosuccinate synthase 1 and periportal gene
expression in sonic hedgehog hepatocellular adenomas. Hep-
atology. 2018;68:964–76.

How to cite this article: Haring MPD, Elfrink
AKE, Oudmaijer CAJ, Andel PCM, Furumaya A,
de Jong N, et al. the Dutch Benign Liver Tumor
GroupA nationwide assessment of hepatocellular
adenoma resection: Indications and pathological
discordance. Hepatol Commun. 2023;7:e2110.
10.1002/hep4.2110

APPENDIX

Dutch Benign Liver Tumor Group: R. B. Takkenberg,
Department of Gastroenterology and Hepatology,
Amsterdam University Medical Center, location
AMC, Amsterdam, the Netherlands; J. Verheij,
Department of Medical Biology and Pathology,
Amsterdam University Medical Center, location
AMC, Amsterdam, the Netherlands; O. M. van
Delden, Department of Radiology, Amsterdam Uni-
versity Medical Center, location AMC, Amsterdam, the
Netherlands; J. I. Erdmann, B. V. van Rosmalen, G.
Kazemier, and A. Furumaya, Department of Surgery,
Amsterdam University Medical Center, location AMC,
Amsterdam, the Netherlands; D. Ramsoekh, Depart-
ment of Gastroenterology and Hepatology, Amster-
dam University Medical Center, location VUMC,
Amsterdam, the Netherlands; J. N. M. IJzermans,
Department of Surgery, Erasmus Medical Center,
Rotterdam, the Netherlands; R. A. de Man, Depart-
ment of Gastroenterology and Hepatology, Erasmus
Medical Center, Rotterdam, the Netherlands; M. D.
Doukas, Department of Medical Biology and Pathol-
ogy, Erasmus Medical Center, Rotterdam, the Nether-
lands; M. G. Thomeer, Department of Radiology,
Erasmus Medical Center, Rotterdam, the Nether-
lands; A. J. Klompenhouwer, Department of Gastro-
enterology and Hepatology, Erasmus Medical Center,
Rotterdam, the Netherlands; A. F. M. Schaapherder,
Department of Surgery, Leiden University Medical
Center, Leiden, the Netherlands; M. E. Tushuizen and
M. J. Coenraad, Department of Gastroenterology and
Hepatology, Leiden University Medical Center, Lei-
den, the Netherlands; A. S. L. P. Crobach, Depart-
ment of Medical Biology and Pathology, Leiden
University Medical Center, Leiden, the Netherlands;
M. C. Burgmans, and S. Feshtali Department of
Radiology, Leiden University Medical Center, Leiden,
the Netherlands; M. M. E. Coolsen, Department of
Surgery, Maastricht University Medical Center+,

HEPATOLOGY COMMUNICATIONS | 11

D
ow

nloaded from
 http://journals.lw

w
.com

/hepcom
m

 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/30/2023

http://


Maastricht, the Netherlands; M. Kramer, Department
of Gastroenterology and Hepatology, Maastricht Uni-
versity Medical Center+, Maastricht, the Netherlands;
J. C. Beckervordersandforth and I. V. Samarska,
Department of Medical Biology and Pathology, Maas-
tricht University Medical Center+, Maastricht, the
Netherlands; C. van der Leij and R. Miclea, Depart-
ment of Radiology, Maastricht University Medical
Center+, Maastricht, the Netherlands; J. H. W. de
Wilt and P. B. van den Boezem, Department of
Surgery, Radboudumc, Nijmegen, the Netherlands; E.
T. T. L. Tjwa and I. Munsterman, Department of
Gastroenterology and Hepatology, Radboudumc,

Nijmegen, the Netherlands; S. Vos, Department of
Medical Biology and Pathology, Radboudumc, Nijme-
gen, the Netherlands; S. van Koeverden, Department
of Radiology, Radboudumc, Nijmegen, the Nether-
lands; V. E. de Meijer and M. P. D. Haring, Depart-
ment of Surgery, University Medical Center Gronin-
gen, Groningen, the Netherlands; F. J. C. Cuperus
and R. J. de Haas, Department of Gastroenterology
and Hepatology, University Medical Center Gronin-
gen, Groningen, the Netherlands; E. W. Duiker,
Department of Medical Biology and Pathology, Uni-
versity Medical Center Groningen, Groningen, the
Netherlands.

12 | A NATIONWIDE ASSESSMENT OF HEPATOCELLULAR ADENOMA RESE

D
ow

nloaded from
 http://journals.lw

w
.com

/hepcom
m

 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 06/30/2023


