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Abstract
Background: Management of focal nodular hyperplasia (FNH) and hepatocellular adenoma
(HCA), is multidisciplinary and subject to practice variation. We aimed to evaluate variation in
clinical management of FNH and HCA in Europe.
Methods: We distributed an online survey (November 2021�March 2022) among 294 European
experts. The survey included questions on local practice and included eight clinical vignettes.
The clinical vignettes focused on FNH or HCA management in the setting of sex, lifestyle modifi-
cation, and pregnancy.
Results: The response rate was 32% and respondents included surgeons (38%), gastroenterolo-
gists/hepatologists (25%), radiologists (32%), and pathologists (1.6%) from ten European coun-
tries. We observed practice variation with regard to lifestyle modification and imaging follow-up
in patients with FNH, and with regard to the management of HCA >5 cm before and during
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pregnancy. Finally, the management of HCA >5 cm after lifestyle modification deviated from
EASL guideline recommendations.
Conclusion: Our survey illustrates variability in FNH and HCA management in Europe. Several
areas were identified for future research and guideline recommendations, including FNH follow-
up and the management of HCA >5 cm. We propose the organization of Delphi consensus meet-
ings to prioritize areas of research and update current guidelines to optimize management for
all patients with benign liver tumors.
© 2023 Published by Elsevier Masson SAS.
Introduction

Benign liver tumors (BLT) are increasingly detected due to
the use of diagnostic imaging [1�3]. The diagnosis and man-
agement of BLT is challenging due to the heterogeneity in
tumor (sub)types and the variable risk of adverse outcomes
[4]. Currently, there is a single European guideline for man-
agement of BLT, published by the European Association for
the Study of the Liver (EASL).

The majority of clinically relevant BLT are focal nodular
hyperplasia (FNH) and hepatocellular adenoma (HCA) [3].
FNH are typically solitary, well-circumscribed, non-encapsu-
lated tumors [4�6]. FNH are not at risk of malignant trans-
formation or hemorrhage � neither in male, nor in female
[4,6]. Oral contraceptive pill (OCP) use and pregnancy do
not affect FNH size, or number [7]. Due to these characteris-
tics, follow-up of FNH is not recommended by the EASL
guideline [4]. The challenge of FNH management is its dif-
ferentiation from HCA on diagnostic imaging. Contrast-
enhanced magnetic resonance imaging (CE-MRI) with hepa-
tobiliary contrast agent has the best HCA-FNH differentiat-
ing ability [8,9]. The EASL guideline only recommends
invasive FNH treatment in case of (significant) mechanical
complaints by compression of abdominal viscera or exo-
phytic or pedunculated growth [4,10].

HCA are most frequently diagnosed in middle-aged
women [3,4]. HCA are associated with sustained high estro-
gen exposure, by prolonged use of OCP, and/or obesity
[10,11].

The main complications of HCA, i.e. hemorrhage and
transformation to hepatocellular carcinoma [4,12�15], are
related to adenoma size and subtype. Both complications
are extremely rare in HCA <5 cm. Key to non-invasive man-
agement is HCA-regression after estrogen reduction by the
cessation of OCP intake and/or weight loss [16,17]. In
female patients with HCA >5 cm (without signs of pre-malig-
nancy on MRI [e.g. diffusion restriction] or histopathology [e.
g. cellular atypia]), cessation of OCP intake and weight loss
is advised, and tumor size is evaluated after six months. In
male patients, however, immediate invasive treatment of
all HCA is recommended irrespective of tumor size due to
the high risk of malignant transformation [4]. The risk of
malignant transformation in male patients is associated with
the male sex itself and due to higher prevalence of beta-cat-
enin activated HCA (b-HCA) subtype [12,14,18].

Currently, there are no data available on European daily
clinical management of FNH and HCA. Insight into real-world
management strategies of FNH and HCA may identify areas
of improvement for future research, guideline adjustment,
and guideline implementation. We therefore conducted an
online survey among European medical specialists involved
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in BLT treatment. Our study aimed to evaluate potential var-
iation in clinical practice and real-world management of
FNH and HCA in Europe.
Material and methods

Study design

A obligatory survey study was performed among European
BLT experts. Experts and expert centers were selected and
contacted based on authorship on a FNH or HCA oriented
publication, identified by one author (MPDH) from the MED-
LINE database (PubMed) using the following search query:
“focal nodular hyperplasia OR FNH OR "Focal Nodular Hyper-
plasia"[Mesh] OR hepatocellular adenoma OR hepatic ade-
noma OR "Adenoma, Liver Cell"[Mesh]” on September 15th
2021.

Survey design and data collection

The survey was designed and tested by a hepatologist
(FJCC), hepatobiliary surgeon (VEM), and radiologist (RJDH),
and reviewed by other specialists. The survey (Supplemen-
tary File 1) included general questions regarding medical
specialty, level of training, and experience in treating FNH
and HCA. Thereafter, the survey consisted of two parts: (1)
an enquiry regarding local daily clinical practice, including
organization of the local multidisciplinary team (MDT),
available diagnostic techniques and treatment strategies for
FNH and HCA patients; and (2) eight fictive clinical vignettes
of FNH or HCA patients, enquiring on diagnostic and treat-
ment strategies.

Vignette case description included information on:
patient sex, patient age, patient weight (body mass index;
BMI), (previous) use of estrogen-containing OCP, pregnancy,
imaging modality and results, and tumor behavior during a
specified follow-up period (Table 1, Supplementary File 1).
None of the patients experienced tumor-related symptoms
and tumor markers were within normal range. Imaging by
CE-MRI with liver-specific contrast agents was available for
all patients, and all tumors were described as pathogno-
monic on imaging, without any atypia. Respondents were
advised to manage the vignette scenarios regardless of the
modalities available for the respondent in daily practice.
Agreement on management of the clinical vignettes was
defined as �75% agreement between respondents. Manage-
ment decisions were categorized: additional diagnostics,
non-invasive treatment (e.g. weight loss, OCP cessation,
other), (minimally) invasive treatment, and follow-up.
Vignettes were categorized into three clinical categories:



Table 1 Overview of included fictive FNH & HCA patients.
Vignette Age (year) Sex BMI

(kg/m2)#
Age of OCP use Pregnancy PA Imaging (interval)

FNH
Case 1: FNH in male patient 31 M 26 N/A N/A � CE-MRI with liver specific contrasty: 1 FNH 6.0 cm
Case 2: Growing FNH in female patient, current OCP use 28 F 24 16 No � First MRI: 1 FNH 4.0cm

Second (6 months later), CE-MRI with liver specific
contrasty: 1 FNH 7.0 cm, +75% growth

Case 3: Stable FNH during pregnancy 31 F 22 15�29 2nd trimester IHC First (3 months pre-pregnancy), CE-MRI with liver
specific contrasty: 1 FNH 6.0 cm
Second (6 months, 2nd trimester), US: 1 FNH
6.0 cm

HCA before or during pregnancy
Case 4: Stable HCA >5 cm and wish to

become pregnant
31 F 24 17�28 Strong wish � First (stop OCP), CE-MRI with liver specific

contrasty: 1 HCA 6.8 cm
Second (six months later), CE-MRI with liver
specific contrasty: 1 HCA 6.5 cm
Third (12 months after 2nd), CE-MRI
with liver specific contrasty: 1 HCA 6.6 cm

Case 5: Growing HCA >5 cm during pregnancy 28 F 28 16�26 2nd trimester � First CE-MRI with liver specific contrasty:
HCA 4.5 cm
Second (12 months later, 8 weeks gestation),
US: 1 HCA 5.0 cm
Third (6 weeks after 2nd, 14 weeks gestation),
US: 1 HCA 6.0 cm, +33% growth
Fourth (6 weeks after 3rd, 20 weeks gestation),
US: 1 HCA 7.0 cm, +56% total growth

Case 6: Stable exophytic HCA >5 cm and wish
to become pregnant

32 F 24 15�31 No I-HCA on NGS First (stop OCP), CE-MRI with liver specific
contrasty:
1 exophytic HCA 7.1 cm + 5 HCA <5.0 cm
Second (6 months later), CE-MRI with liver
specific contrasty:
1 exophytic HCA 7.0 cm + 5 HCA <5.0 cm

HCA >5 cm, 6 months after OCP stop and weight loss
Case 7: HCA >5 cm, and <30% regression* 26 F 27 (32) 16�26x No � First (stop OCP), CE-MRI with liver specific

contrasty: 1 HCA 9.0 cm
Second (6 months later), CE-MRI with liver
specific contrasty:
1 HCA 7.6 cm, �16% regression

Case 8: HCA >5 cm, and >30% regression* 24 F 26 (28) 17�24x No � First (stop OCP), CE-MRI with liver specific
contrasty: 1 HCA 12.0 cm
Second (6 months after 1st), CE-MRI with liver
specific contrasty:
1 HCA 8.1 cm, �32.5% regression

* According to RECISTv1.1 criteria 30% regression defines (clinically relevant) “partial response”25.
# BMI six months after first imaging in brackets.
x OCP stopped six months before second imaging.
y Hepatobiliary contrast equals liver specific contrast agents e.g. Primovist or Eovist. Abbreviations: FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; BMI, body mass index;

OCP, oral contraceptive pill; PA, histopathology; M, male; F, female; IHC, immunohistochemistry; CE-MRI, contrast enhanced magnetic resonance imaging; US, ultrasound; NGS, next genera-
tion sequencing.
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(1) male and female patients with FNH; (2) HCA during preg-
nancy; and (3) female patients with HCA �5 cm.

CHERRIES guidelines were adhered to in study design and
manuscript preparation [19]. The study was registered in
the University Medical Center (UMCG) research registry
(UMCG RR#201900347) and was reviewed and approved by
the UMCG ethical committee (MEC 2019-290). A collabora-
torship was offered for all respondents who returned a com-
pleted survey.

Survey invitations were only distributed by email and col-
lected using REDCap (Vanderbilt University, Tennessee, USA)
electronic data capture tools hosted at the UMCG [20,21].
The voluntary survey was open for inclusions from November
2021-March 2022. Three reminders were sent by email after
the initial invitation. Conditional questions were used, e.g.
preferred follow-up modality was only displayed if respond-
ents opted for follow-up at all. The survey included 216
items, although not all were shown to each respondent due
to conditionality. The survey consisted of 11 web pages:
background information and instructions (page 1, 3 items),
personal information (page 2, 9 items), part I � local practi-
ces (page 3, 44 items), and part 2 � cases 1�8 (pages 4�11,
160 items). A REDcap integrated completeness check was
used. Respondents were able to review and change answers
through a “back” button. All participants received a unique
survey weblink. No visitor rates were monitored. No cookies,
IP checks, log file analyses, or registrations were used. No
questionnaire timestamp analysis was performed.

Statistical analyses

Only fully completed surveys were included in final analysis.
Dichotomous data were presented as proportions. Variable
distribution was assessed by plotting histograms. Categorical
variables were expressed as number (n) and percentage (%).
Fig. 1 Overview of participating European experts on BLT. (A) Flo
per included European country. Abbreviations: BLT, benign liver tumo
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Variables were analyzed using appropriate statistical tests
for variable type and distribution. Parameters with two-
tailed p <0.05 were considered statistically significant. No
statistical corrections or weightings were applied. All analy-
ses were performed in R version 4.1.0.� (R Core Team
(2021). R Foundation, Vienna, Austria).
Results

A link to the survey was emailed to 294 European experts.
Ninety-five (32%) experts responded. Thirty-three experts
were excluded from analysis due to declining of the invita-
tion (n = 22), or partial completion of the survey (n = 12).
Sixty-one (21%) respondents were included in the final analy-
sis (Fig. 1A).

Profile of respondents

The 61 included respondents originated from a total of ten
European countries (Fig. 1B), and included 24 (39%) sur-
geons, 15 (25%) gastroenterologists/hepatologists, 19 (32%)
(interventional) radiologists, 1 pathologist (1.6%), and 2
research associates (3.3%). Ninety-eight percent of respond-
ents worked in tertiary referral hospitals or university medi-
cal centers. Ninety percent of respondents currently works
as attending/consultant specialist, and 59% had more than
10 years of experience in treatment of BLT (Table 2).

Survey results part I; general questionnaire

Local practice
Fifty-three respondents (87%) participated in a MDT, of
whom 96% had weekly meetings and all of whom included a
gastroenterologist or hepatologist and a surgeon. Fifty-two
wchart of survey responses. (B) Participating medical specialists
rs.



Table 2 Baselabine characteristics of included European FNH & HCA experts.

Characteristic

Country of origin (n, %)
Finland 1 (1.6)
France 8 (13)
Germany 4 (6.6)
Italy 5 (8.2)
Netherlands 33 (54)
Portugal 2 (3.3)
Romania 1 (1.6)
Slovenia 1 (1.6)
Turkey 2 (3.3)
United Kingdom 1 (1.6)
Unknown 3 (4.9)

Type of medical center (n, %)
Regional hospital 1 (1.6)
Referral hospital /University medical center 60 (98)

Level of training (n, %)
Resident 5 (8.2)
Fellow 1 (1.6)
Staff/attending 55 (90)

Type of specialty (n, %)
Gastroenterologist or hepatologist 15 (25)
Surgeon (general or HPB) 23 (38)
Radiologist (general or interventional) 19 (32)
Pathologist 1 (1.6)
Other 3 (4.9)

Years of experience in treating FNH & HCA (n, %)
<5 years 7 (11)
5�10 years 18 (30)
>10 years 36 (59)

Use of MDT meetings (n, %) 53 (87)
Use of EASL recommended BLT-MDT 31 (51)
Frequency of MDT meetings (n, %)

Weekly 51 (84)
Every 2 weeks 1 (1.9)
Other 1 (1.9)

Treatment of HCA/FNH in outpatient setting (n, %)
Gastroenterologist/hepatologist 12 (20)
Surgeon (general or HPB) 3 (4.9)
Both gastroenterologist/hepatologist & surgeon 46 (75)

Abbreviations: FNH, focal nodular hyperplasia; HCA, hepatocellular adenoma; MRI, magnetic resonance imaging; HPB, hepatobiliary; MDT,
multidisciplinary team; EASL, European association for the study of the liver; BLT, benign liver tumor.
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(98%) respondents participated in an MDT that included a
radiologist, 42 (79%) participated in an MDT that included an
interventional radiologist and/or a pathologist, and 18 (34%)
respondents participated in an MDT that included other spe-
cialists, namely radiotherapists (11%), oncologists (44%), or
nuclear medicine physicians (17%). Thirty-one (51%)
respondents participated in an MDT that included a gastro-
enterologist or hepatologist, hepatobiliary surgeon, diagnos-
tic radiologist, interventional radiologist, and pathologist
(i.e. EASL guideline BLT-MDT recommendation). Outpatient
BLT patients were managed by gastroenterologists/hepatol-
ogists and surgeons (75% of the respondents), gastroenterol-
ogists/hepatologists only (20%), or surgeons only (4.9%)
(Table 2).
5

Diagnostic techniques
All (100%) respondents preferred a hepatobiliary contrast
agent to differentiate FNH form HCA. Sixteen (26%) respond-
ents used contrast-enhanced ultrasound (CEUS) as additional
tool for FNH��HCA differentiation.

HCA subtype diagnosis on CE-MRI was accepted if the
diagnosis was inflammatory (I-HCA) by 29 (48%) respondents,
by 28 (46%) for H��HCA, and by 19 (31%) for b-HCA/b-IHCA.
Molecular diagnostics on histopathology was available for 50
(82%) respondents’, and was used on all HCA samples by 60%
of the respondents. Twelve (20%) respondents used this
technique mainly when b-HCA/b-IHCA was suspected on
immunohistochemistry, 6 (9.8%) when b-HCA/b-IHCA was
diagnosed on immunohistochemistry, and 14 (23%) when no
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subtype could be identified on immunohistochemistry
(unclassified HCA; U-HCA).
Clinical management of FNH

Thirty-seven (61%) respondents would discharge male
asymptomatic FNH patients from follow-up when diagnosed
with hepatobiliary CE-MRI. Female patients with an asymp-
tomatic FNH (diagnosed by hepatobiliary CE-MRI) were dis-
charged without follow-up by 50 (82%) of the respondents,
whereas 11 (18%) would continue follow-up, and 3 (4.9%) of
the respondents would advise life-style interventions. The
proposed follow-up included CE-MRI (n = 3), unenhanced MRI
(n = 1), or US (n = 4) for 6 months up to 3 years at intervals
of 6�12 months. Four (6.6%) respondents commented fol-
low-up would stop if FNH proved stable after 1�3 years.
Clinical management of HCA and pregnancy

For patients with CE-MRI- or biopsy-proven HCA <5 cm with
a pregnancy wish, 54 (89%) respondents recommended fol-
low-up according to the algorithm used in the PALM study
protocol (i.e. evaluation of pregnant patients with
HCA < 5 cm by ultrasound (US) at 14 (§3), 20, 26, 32, and 38
weeks of gestation, and 6�12 weeks postpartum) [22,23].
Other respondents would advise follow-up by US every 1
(n = 1), 2 (n = 1), 3 (n = 1), or 6 (n = 1) months, or “according
to the follow-up scheme by the gastroenterologist” or “close
follow-up, but not according to the PALM study protocol”.
Two respondents recommended pre-emptive treatment
(transarterial embolization, radiofrequency ablation, or sur-
gery).

For patients with CE-MRI- or biopsy-proven HCA 5�10 cm
pre-emptive treatment was recommended by 52 (85%) of
the respondents, and 7 (12%) recommended follow-up with-
out pre-emptive treatment according to the PALM study pro-
tocol [22,23].

For HCA >10 cm pre-emptive treatment was recom-
mended by 55 (90%) respondents, 4 (6.6%) recommended fol-
low-up without pre-emptive treatment according to the
PALM study protocol, and the remaining 2 (3.3%) respondents
would await the six-month effect of stopping OCP or could
not decide on a specific treatment. HCA >5 cm (non-exo-
phytic) on itself was considered a contraindication for preg-
nancy by 11 (18%) respondents.
Clinical management of large (>5 cm) HCA

Forty-eight (79%) respondents advised against routine HCA
resection, regardless of tumor regression, when tumor size
remained >5 cm after six months of weight loss and stopping
OCP. Fifty-two (85%) respondents would continue follow-up
of a female patient with HCA <5 cm while still ovulating,
compared with 56% for a post-menopausal patient. Follow-
up duration for ovulating women varied from 1 to 10 years or
“up to menopause”. For post-menopausal patients, follow-
up duration varied from 1 to 15 years.
6

Survey results part II: clinical vignette-based
questionnaire

Clinical vignettes 1�3: FNH
FNH in a male patient. The respondents agreed (agreement
defined as >75% consensus) that additional diagnostics,
weight loss, or invasive treatment were unnecessary. Six
(9.8%) respondents advised additional diagnostic testing by
either percutaneous biopsy (n = 4) or additional imaging
(n = 4) (Fig. 2, Supplementary Tables 1 and 2 � Case 1). One
respondent (1.6%) opted for surgical resection. Follow-up
imaging was advised by 23 (38%) respondents, mostly by US
(13%), or CE-MRI (18%). The advised follow-up interval was
mainly 3 (n = 5) or 6-months (n = 11) (Supplementary Tables
1 and 2).

Growing FNH <5 cm during OCP use
The respondents agreed that additional diagnostics, weight
loss, or invasive treatment were not necessary. Thirteen
(21%) respondents advised additional diagnostic testing by
percutaneous liver biopsy (n = 10), or additional imaging
(n = 3) (Fig. 2, Supplementary Tables 1 and 2 � Case 2).
Twenty-three (38%) respondents would cease OCP intake and
11 (18%) advised weight loss. Four (4.9%) respondents opted
for invasive treatment, either by resection (n = 3) or emboli-
zation (n = 1). Follow-up imaging was advised by 45 (74%)
respondents, mostly by CE-MRI (n = 27) or US (n = 12). The
advised follow-up interval was mainly 3 (26%) or 6 months
(62%).
Stable FNH during pregnancy. The respondents agreed that
additional diagnostics, weight loss, or invasive treatment
were not necessary. Only two (3.3%) respondents advised
additional diagnostic testing by hepatobiliary CE-MRI (n = 1),
or hepatobiliary CE-MRI and CEUS (n = 1) (Fig. 2, Supplemen-
tary Tables 1 and 2 � Case 3). Only 1 (1.6%) respondent
advised weight loss. Almost two-third (n = 50) of the
respondents advised against follow-up imaging of the
patient, whereas 18 (30%) respondents would advise follow-
up imaging by US, mostly (61%) according to PALM study pro-
tocol. Four (6.6%) respondents would rather use liver-spe-
cific CE-MRI for follow-up.

Clinical vignettes 4�6: HCA during pregnancy
Stable HCA >5 cm and wish to become pregnant. The
respondents agreed on starting follow-up, and on not dis-
couraging pregnancy. Twenty-one (34%) respondents would
perform additional diagnostic testing, mostly by percutane-
ous liver biopsy (n = 16) or CE-MRI (n = 5) (Fig. 2, Supplemen-
tary Tables 1 and 2 � Case 4). Forty (66%) respondents
recommended pre-emptive invasive treatment, either by
resection (n = 26), embolization (n = 13), or ablation (n = 1).
Fifty respondents (82%) would perform follow-up imaging,
mostly by CE-MRI (n = 24) or US (n = 20). The suggested fol-
low-up interval was either 3 (n = 8), 6 (n = 15), or 12 (n = 14)
months (Supplementary Tables 1 and 2).
Growing HCA >5 cm during pregnancy. The respondents
agreed that additional diagnostics or weight loss were not
necessary, and agreed on starting follow-up. Fourteen (23%)
respondents would perform additional diagnostic testing,
either by unenhanced MRI (n = 5), CE-MRI (n = 4), US (n = 3),
or by CEUS (n = 1) (Fig. 2, Supplementary Tables 1 and 2 �
Case 5). Eleven (18%) respondents advised weight loss.



Fig. 2 Response of included European experts to eight fictive clinical vignettes on FNH and HCA patients. Values represent per-
centage of respondents opting for management options, i.e. additional diagnostics or follow-up per case. Management agreement
was defined as �75% of respondents opting for either yes or no.

Case 1: Hepatobiliary CE-MRI diagnosed FNH in male patient.
Case 2: Growing hepatobiliary CE-MRI diagnosed FNH in female patient with OCP use.
Case 3: Stable CE-MRI diagnosed FNH in pregnant patient.
Case 4: Stable hepatobiliary CE-MRI diagnosed HCA >5 cm and pregnancy wish.
Case 5: Growing hepatobiliary CE-MRI diagnosed HCA >5 cm during pregnancy.
Case 6: Stable exophytic hepatobiliary CE-MRI diagnosed HCA >5 cm and pregnancy whish.
Case 7: Hepatobiliary CE-MRI diagnosed HCA >5 cm with <30% regression 6 months after OCP stopy

Case 8: Hepatobiliary CE-MRI diagnosed HCA >5 cm with >30% regression 6 months after OCP stopy

Abbreviations: CE-MRI, contrast enhanced magnetic resonance imaging; FNH, focal nodular hyperplasia; HCA, hepatocellular ade-
noma; OCP, oral contraceptive pill.
y30% regression is defined as a clinically relevant, “partial response” according to RECISTv1.1[24].
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Thirty-four (56%) respondents would perform invasive treat-
ment, either by embolization (n = 19) or resection (n = 14).
Almost 90% of respondents would closely follow the patient
during pregnancy, mostly (77%) according to the PALM study
protocol. Twelve (20%) respondents proposed an alternative
follow-up protocol: either by US (n = 6), by CE-MRI (n = 4),
by unenhanced MRI (n = 1), or by unenhanced computed
tomography (CT; n = 1), with follow-up after 1�2 months
(n = 7) or 6 months (n = 5).
Stable exophytic HCA >5 cm and wish to become pregnant. Tag-

gedPThe respondents agreed that additional diagnostics were not
necessary, and agreed on advising invasive treatment and on
starting follow-up. Four (6.6%) respondents would perform
additional diagnostics either by percutaneous biopsy (n = 3) or
CE-MRI (n = 1). Sixteen (26%) of respondents would advise
weight loss (Fig. 2, Supplementary Tables 1 and 2 � Case 6).
Forty-nine (80%) respondents opted for invasive therapy,
mostly resection (n = 44). Fifty-five (90%) respondents would
closely follow the patient during pregnancy, 24 (39%) respond-
ents according to the PALM study protocol. Thirty-one respond-
ents (51%) proposed an alternative follow-up protocol: either
by CE-MRI (n = 19), by US (n = 6), by unenhanced MRI (n = 3),
by CEUS (n = 2), or by unenhanced CT (n = 1), with follow-up
after 3 (n = 6), 6 (n = 19), or 12 months (n = 6).

Clinical vignettes 7 and 8: HCA �5 cm after six months of
lifestyle therapy
On both clinical vignettes of female patients with
HCA >5 cm after six months of conservative therapy,
7

respondents agreed that additional diagnostics or invasive
treatment were not necessary and opted to monitor patients
by follow-up imaging. Recommendations were comparable
for HCA >5 that showed more (Case 8) or less (Case 7) than
30% regression (i.e. the RECISTv1.1 cut-off for partial tumor
regression[24]) after six months of lifestyle interventions
(Fig. 2, Supplementary Tables 1 and 2 � Case 7 & 8). Nine
respondents (15%) would perform invasive therapy, of whom
8 would consider resection, and 1 transarterial embolization
(TAE). Follow-up was proposed by �95% of respondents, 58%
of whom would use CE-MRI, 20% unenhanced MRI, and 20%
US. Respondents advised to follow-up patients after 6
months (70%), or 12 months (22%).
Conclusion

This survey study demonstrates variation in the European
management of FNH and HCA. We observed variation with
regard to lifestyle modification and imaging follow-up in
patients with FNH, and with regard to the management of
larger (>5 cm) HCA before and during pregnancy. Most
(>75%) respondents advised against routine resection of
HCA >5 cm after lifestyle modifications, which deviates
from EASL guideline recommendations.

The first part of the survey consisted of general questions
regarding local practice, diagnostic techniques, and clinical
management of FNH and HCA, while the second part con-
sisted of fictitious vignettes in three categories: FNH (in male
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and female patients), HCA before and during pregnancy, and
HCA>5 cm six months after lifestyle modification.

Almost 90% of the respondents participated in a MDT that
included a gastroenterologist/hepatologist and a surgeon.
Only 59% of the respondents, however, participated in a BLT-
MDT as defined by the EASL guideline, which also includes
(at least) a diagnostic and interventional radiologist and a
pathologist. CEUS, a modality excellent at FNH��HCA differ-
entiation in tumors <3 cm, was only used by 21% of respond-
ents [25,26]. CEUS can be considered prior to biopsy when
results from hepatobiliary CE-MRI prove inconclusive. Most
(82%) respondents had molecular (i.e. next generation
sequencing) HCA subtype diagnostics available in their cen-
ter, a technique that can reveal b-catenine mutations unob-
served on immunohistochemistry [27]. Interestingly, non-
invasive subtype diagnosis on CE-MRI was also accepted for
b-HCA/b-IHCA by about a third of respondents. Although
non-invasive HCA subtype identification with MRI has made
significant progress in recent years [28,29], no large studies
on MRI-based b-HCA/b-IHCA identification have been per-
formed, and biopsy should always be considered if b-HCA/b-
IHCA are suspected.

Although the respondents agreed that additional diagnos-
tics, weight loss, or invasive treatment were not necessary
in FNH in all clinical vignettes, respondents disagreed on the
need to follow-up FNH patients in both the general and
vignette-based part of or survey. Indeed, a significant minor-
ity of respondents would continue imaging follow-up in male
(almost 40% of respondents) and female (18% of respond-
ents) patients with FNH. In addition, 74% of the respondents
would continue imaging follow up and 38% would cease OCP
intake in female FNH patients using OCP when tumor growth
was reported, whilst OCP has been proven to have no influ-
ence on FNH number or size, and FNH might grow and reduce
in size spontaneously [7]. Although FNH was described as
pathognomonic on imaging in our survey, lingering uncer-
tainty on potential HCA occurrence instead of FNH, which
carries significant clinical consequences, might explain
these results. Regarding HCA before or during pregnancy,
respondents agreed that additional diagnostics (i.e. biopsy)
were unnecessary, that close follow-up (according to PALM-
protocol) should be advised during pregnancy, that treat-
ment of stable HCA < 5 cm is not warranted, and that pre-
emptive invasive treatment of exophytic HCA should be per-
formed. No agreement was observed regarding the need for
invasive treatment of HCA >5 cm before and during preg-
nancy, although the majority of the respondents opted for
invasive therapy. The latter observation illustrates the lim-
ited amount of evidence on HCA >5 cm during and after
pregnancy, whilst HCA <5 cm have been observed as safe
during pregnancy and the postpartum period [23,30].

Several respondents opted for minimal invasive HCA treat-
ment through arterial embolization or percutaneous tumor
ablation, both of which have been proven effective and safe
[18,31]. The current EASL guideline recommends invasive
treatment of all HCA >5 cm after six months of OCP cessation
and weight loss. Most (85%) respondents, however, advised
against routine invasive treatment of these HCA, provided
that these tumors decreased in size. Respondents provided
similar responses with regards to intervention and follow-up
between the two vignettes with more or less than 30% tumor
diameter reduction (i.e. the RECISTv1.1 cut-off for partial
8

tumor regression) [24]. Follow-up of HCA after OCP cessation
is safe [17], and six months wait-and-see might be too short
for large HCA (i.e. >7�10 cm) to regress to sub-5 cm size.
Consequently, prolongation of the six-month period has been
suggested [32]. Half of the respondents would advise to con-
tinue follow-up of postmenopausal patients with HCA <5 cm,
although there is evidence for safety and good prognosis of
HCA after menopausal onset, which has been argued to allow
for safe discontinuation of follow-up [33]. A few respondents
advised CE-MRI for pregnant patients. Although MRI without
gadolinium seems relatively safe, the teratogenicity of CE-
MRI has not been refuted and pregnancy is still considered a
relative contraindication for CE-MRI [34]. If truly indicated,
an unenhanced MRI may be performed, preferably from the
second trimester onwards.

The current study may be limited by its relatively low
response rate. As half of the respondents were from the Neth-
erlands, this might create regional bias which may affect the
analysis. Also, the current survey was sent to European clini-
cal practitioners only and did not include experts from other
continents. In addition, although we aimed to focus on the
most relevant and controversial clinical situations, only a lim-
ited number of clinical vignettes could be presented due to
constraints of time for the respondents to fill in the survey.
Also HCA subtypes have been excluded in the current clinical
vignettes. As HCA tumor behavior and complication profiles
differ distinctly between subtypes, HCA subtype should be
included in future case vignette studies [4,14,34,35]. Lastly,
the current analysis did not focus on inter-specialty compari-
son of management, or the comparison of management of dif-
ferent HCA subtypes.

There was a large extent of variance between manage-
ment strategies between European experts in the current
study. Future studies and clinical practice guidelines could
focus on the areas with variance uncovered in the current
survey to provide additional data for European professionals.
Using the Delphi method could improve clinical (and scien-
tific) consensus on management using currently available
data as well as identify areas of future research [36]. These
areas include diagnostic and follow-up strategies for
FNH��HCA differentiation, HCA >5 cm before, during, and
after pregnancy, HCA in post-menopausal women, manage-
ment of HCA >5 cm after six-months of lifestyle changes,
histopathological and/or molecular definitions of HCA sub-
types, and duration of follow-up in HCA <5 cm. Reduction of
European clinical ambiguity on BLT may decrease unwar-
ranted treatment variation and could improve patient care.

In conclusion, our survey illustrates substantial variability
in FNH and HCA management among European expert cen-
ters. Several areas were identified for future research and
guideline recommendations, including FNH follow-up and
the management of HCA >5 cm. We propose the organiza-
tion of Delphi consensus meetings to prioritize new areas of
research and update current guidelines in order to optimize
management for all patients with benign liver tumors.
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