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ABSTRACT
Introduction Hepatocellular adenoma (HCA) is an 
uncommon, solid and benign liver lesion, mainly occurring 
in women using oral contraceptives. Patients are advised 
to stop using oral contraceptives (OC) and, as overweight 
is frequently observed, dietary restrictions. Metabolic 
changes are assumed to play a role and it has been 
suggested that diet may help to reduce tumour size. 
A low- calorie ketogenic diet (LCKD) has been shown 
to induce weight loss and multiple metabolic changes, 
including the reduction of portal insulin concentrations, 
which downregulates hepatic growth hormone receptors. 
Weight reduction and an LCKD can potentially reduce the 
size of HCAs.
Methods and analysis We designed a matched, 
interventional cohort study to determine the effect of an 
LCKD on the regression of HCA. The study population 
consists of female subjects with an HCA, 18–50 years 
of age, body mass index>25 kg/m2, who are entering a 
surveillance period including cessation of OC. A historical 
control group will be matched. The intervention consists of 
an LCKD (approximately 35 g carbohydrate/1500 kcal/day) 
for 3 months, followed by a less strict LCKD for 3 months 
(approximately 60 g carbohydrate/1500 kcal/day). Main 
study endpoint is the diameter of the HCA after 6 months, 
as compared with the historic control group. Secondary 
endpoints include adherence, quality of life, change in 
physical activity, liver fat content, body weight, body 
composition and resting energy expenditure.
Ethics and dissemination The medical ethical committee 
has approved the study protocol, patient information files 
and consent procedure and other study- related documents 
and procedures.
Trial registration number NL75014.078.20; Pre- results. 
https://www.trialregister.nl/trial/9092

INTRODUCTION
Hepatocellular adenoma (HCA) is an 
uncommon, solid, benign liver lesion.1–5 
Typically, it is a solitary lesion found in young 
women within their reproductive years. 
HCA has been widely associated with the use 
of oestrogen- containing medication. The 

annual incidence of HCA has been estimated 
to be 30–40 cases per million oral contra-
ceptive (OC) users in comparison with one 
case per million non- users.1 2 Studies have 
shown a consistent effect of sex hormones: 
the 30–40- fold increase has been confirmed 
in long- term OC users.1 6 7 A dose- related risk 
ratio and regression after cancellation of use 
of contraceptive pills further confirmed the 
effect of sex hormones in the development 
of HCA.4 5 8 9 More recently, studies have 
shown a rising incidence of diagnosis with 
HCA.10–13 Current prevalence is estimated 
to be between 0.001% and 0.004% with a 
reported female: male ratio of 10:1.14 15 This 
increasing incidence may be attributed to an 
increased discovery of asymptomatic HCA by 
extensive use of imaging, but the rising inci-
dence of obesity has also been postulated as 
an influencing factor.10–12 16 In men, the use 
of anabolic steroid hormones (AS) may play 
a role.10

HCA is diagnosed by typical findings on 
contrast- enhanced, cross- sectional imaging 
by MRI.14 17–19 A biopsy is not indicated for 
female patients when worrying signs are 
absent.14 17–19 For male patients, the diag-
nosis needs to be confirmed histologically 

Strengths and limitations of this study

 ► Study performed in a university hospital with experts 
on liver tumours and endocrinology.

 ► Availability of a large cohort of prospectively reg-
istered patients with adenoma allowing proper 
matching.

 ► Extensive statistical analysis with reduction of resid-
ual confounding to determine treatment effect.

 ► A large and highly motivated population of patients 
with hepatocellular adenoma.

 ► Intervention is at risk for unforeseen non- adherence.
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to exclude a malignant lesion and mutations that may 
be related to future hepatocellular carcinoma (HCC) 
development.14 17–19 Management depends mainly on the 
associated symptoms, lesion size and location. Female 
patients are advised to stop OC medication and strive for 
a healthy body weight.4 9 18 20 21 Men taking ASs are strongly 
advised to stop these drugs. Currently, further treatment 
of (a)symptomatic HCA focuses on an active surveillance 
policy, aiming to avoid surgery.14 18 19 22 In men, a biopsy 
is indicated to exclude mutations that may be related to 
HCC development.14 17–19

For most women management consists of a 6- month 
surveillance period after which possible regression of the 
HCA is assessed by MRI.14 18 19 22 Additionally, a predic-
tion model may be used to calculate a projected chance 
of regression to <5 cm in 1 or 2 years.21 After this initial 
observation period, management will be based on patient 
characteristics, size and regression of the HCA, findings 
on imaging and the predicted chance of regression. 
Figure 1 shows the strategy from the European Associa-
tion for the Study of the Liver Clinical Practice Guide-
lines on the management of benign liver tumours.14 New 
insights into the mechanism playing a role in adenoma 
regression are needed to adequately inform patients 
about the course of follow- up and the necessity of addi-
tional interventions in the near future. Faster regression 
of the HCA could reduce patient’s anxiety, waiting time, 
lead to a more reliable prediction of regression at 1 year 
and finally, less surgical interventions with its associated 
risk of complications.

HCA is associated with obesity and metabolic 
syndrome,10–13 anabolic androgen use,23–25 rare genetic 
syndromes including glycogen storage diseases and 
familial adenomatous polyposis.3 26 27 HCA consists of 
several subtypes: inflammatory, steatotic, β-catenin- 
mutation- associated and unspecified, of which the inflam-
matory and steatotic subtypes are most prevalent in female 
subjects.11 12 28 Subjects with inflammatory HCA have 
a higher body mass index (BMI) when compared with 
subjects with steatotic HCA.11 12 Inflammatory adenomas 
present more often as multiple lesions, whereas steatotic 
HCA is more often single lesions.11–13 Obese subjects are 
therefore more likely to have multiple adenomas of the 
inflammatory subtype. Most cases can be managed by wait 
and see policy.11–13 The mechanism causing the increased 
risk of developing inflammatory HCA in obese subjects 
has not been completely identified.11 Two mechanisms 
have been hypothesised: first, adipose tissue accounts 
for extra glandular formation of oestrogen, which may 
increase with higher body weight.29 30 Patients with 
obesity have demonstrated higher oestrogen levels when 
compared with healthy individuals.30–32 Weight loss may 
result in a reduction of sex hormones.33 Higher BMI has 
also been linked with a higher risk of liver tumours, but 
the biological mechanisms underlying this association 
have not been clearly identified.31 32 A second explana-
tion for the link between overweight and the risk of devel-
oping HCA could be persistent inflammation. Enhanced 

inflammation is associated with metabolic syndrome, 
which might promote abnormal cell growth to develop 
(larger) inflammatory adenomas.11–13 34 Reduction of 
body weight leads to less metabolic- syndrome- associated 
inflammation.11 12 Weight loss has initially been suggested 
and is currently used as adjunct to treatment for HCA, 
as the HCA may decrease in size and possibly disappear 
if patients lose weight.12 16 It remains to be determined 
whether this observation is the outcome of weight loss as 
such, the effect of withdrawal of oestrogen intake, or a 
combination of both. By introducing a restrictive diet, the 
effect of the caloric challenge may be unravelled.

Figure 1 Flow chart helpful in deciding a management 
strategy for hepatocellular adenoma (HCA), from the 
European Association for the Study of the Liver Clinical 
Practice Guidelines on the management of benign liver 
tumours. A significant increase is defined as an increase 
>20% of the diameter of the HCA.
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The classic ketogenic diet is a high- fat, adequate- 
protein and low- carbohydrate diet that produces meta-
bolic changes with similarities to the starvation state, 
when fat is the main source of energy.35–38 Changes in 
plasma ketones, insulin, glucose, glucagon and free fatty 
acids can occur within hours of starting the diet and can 
be profound.35 A recent study also shows the beneficial 
effect of an eucaloric very- low- carbohydrate ketogenic 
diet on disease control of patients with acromegaly via 
lowering of insulin- like growth factor (IGF- 1) levels.39 In 
a recent randomised controlled trial, patients with type 2 
diabetes improved their glycaemic control and lost more 
weight after being randomised to a low- calorie ketogenic 
diet (LCKD) and lifestyle online programme rather than 
a conventional, low- fat diabetes diet online programme.37 
Potential side effects of the ketogenic diet include consti-
pation, diarrhoea, nausea, vomiting and very rarely 
pancreatitis, the frequency of which are low.40–42 These 
side effects can lessen with continued diet use and minor 
adjustments under supervision of a dietician, diet discon-
tinuation is rarely indicated.

Dietary or caloric restriction (DR), meaning reduced 
intake of food without malnutrition, is associated 
with extended life span, lower risk of age- associated 
diseases, improved fitness and increased resistance to 
acute stress.43–48 DR represents a non- invasive, non- 
expensive method of acquiring long- term health bene-
fits by reducing caloric intake.48 49 The ketogenic diet 
also leads to spontaneous reduced intake.50 DR and 
the ketogenic diet share biological responses impli-
cated in metabolite- controlled longevity pathways, via 
production of ketone bodies. Production of ketone 
bodies such as β-hydroxybutyrate from fatty- acid catab-
olism may operate as endogenous histone deacetylase 
inhibitors and may contribute to epigenetic control of 
gene expression, DNA- repair and genome stability.51 
An LCKD reduces portal insulin concentrations, which 
downregulate hepatic growth hormone receptors52 and 
reduce IGF- 1 synthesis.53 54 In combination with weight 
loss due to this diet, it can potentially lead to a reduction 
in size of an HCA.

To further enhance the active surveillance strategy as a 
successful treatment modality of HCA, our primary objec-
tive is to investigate whether an LCKD increases the rate 
of regression of HCA in women with overweight. To this 
end, we designed a single- centre, proof- of- concept inter-
ventional matched cohort study.

METHODS AND ANALYSIS
The proposed study will be conducted at Erasmus Univer-
sity Medical Center Rotterdam, a tertiary academic 
hospital in the Netherlands.

Study population
Because of the nature of the disease, only female subjects 
are eligible for the trial. Our population of interest 
consists of subjects with an HCA of any size, who are 
receiving consultation at our outpatient clinic. Our study 
encompasses two populations: the main population 
consists of subjects who were recently diagnosed and have 
a proposed treatment strategy of an initial surveillance 
period of 6 months, including cessation of OC use. This 
strategy is decided on after reviewing their case by the 
multidisciplinary team of experts, including a hepatobi-
liary surgeon, a hepatologist and a liver radiologist. The 
second (sub- )population consists of study subjects who 
already adhered to this initial surveillance period and 
had no or only minimal (5 mm) regression of their HCA. 
Figure 2 shows an overview comparing the moment of 
inclusion into the study and the runtime of both the main 
and subpopulation. Inclusion criteria for both popula-
tions are age between 18 and 50 years and a BMI>25 kg/
m2. Patients older than 50 years are most often post meno-
pausal and will not enter a longer follow- up period than 
6 months. Combined with the heterogeneity of this (sub)
population and the relatively few patients in this (sub)
population, we opted to exclude these patients. If a 
subject meets any of the following exclusion criteria, she 
will be excluded from participation: current pregnancy 
or breast feeding, a medical history of diabetes mellitus 
type 1 or 2, an insufficient understanding of the Dutch 
language, inborn errors of metabolism or participation in 
another clinical intervention study.

Patient and public involvement
The development of our research question and outcome 
was informed by experience from our outpatient clinic. 
Since the current mainstay of treatment of HCA is 
surveillance, faster regression of the HCA could reduce 
patient’s anxiety, waiting time and imaging procedures. 
Aiding with weight loss with a potential treatment effect 
on the size of HCA could reduce anxiety. Patients were 
not involved in design or recruitment of the study. 
Results of study will be disseminated to all participants 
and via the communications department of Erasmus MC 
to the public.

Figure 2 Graphical representation of study runtime for the main study population and the subpopulation.
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Matched historical cohort
Due to the low incidence of HCA and the proof- of- concept 
setting, we designed this study as an interventional cohort. 
To reliably estimate the potential treatment effect of the 
LCKD on the regression of HCA, we will match our study 
subjects to a historical control group from a national multi-
centre cohort. A selection of this large national cohort 
has been published recently, reporting on the regres-
sion of HCAs sized >5 cm.21 The database constructed 
from this large multicentre cohort encompasses female 
patients diagnosed with HCA. Although the published 
study mainly focused on subjects with an HCA larger than 
5 cm (n=180), the cohort itself encompasses significantly 
more subjects (n>400). This also includes subjects with 
adenomas <5 cm, thereby being more comparable with 
our intended study cohort. It also includes the relevant 
predictors, such as OC use and weight, also investigated 
in our cohort. Subjects in this cohort were diagnosed and 
treated according to procedures used in our intended 
study cohort, aside from adhering to an LCKD diet. 
Therefore, we estimate that this study population will 
be a reliable control cohort for our treated study popu-
lation, after reducing possible influence of covariates by 
matching. Matching to this earlier acquired cohort will 
be based on age, use of OCs, weight, type of HCA, size 
of HCA and number of lesions at baseline. Matching will 
be conducted via optimal nearest- neighbour matching 
on propensity score, in a 1:1 ratio without replacement.55 
This will provide the best available evidence, aside from 
a randomised controlled trial, since it will replicate a 
randomised experiment as closely as possible.55 Matching 
will make sure both groups will have a similar distribu-
tion of covariates and will therefore reduce the chance of 
possible bias. With this design, we will be able to include 
enough study subjects in a relatively short period, and 
reliably estimate a potential treatment effect. During 
statistical analysis, regression analysis will be adjusted for 
possible covariates, as matching and correction for covari-
ates work best in combination.55

Intervention
Participants in the clinical trial will be subjected to an 
LCKD for 6 months. In this LCKD, the amount of carbo-
hydrates is restricted; in the first 3 months, carbohydrate 
restriction will be strict, down to 35 g/day. This amount 
of carbohydrates will lead to physiological ketosis. In 
the second part of the study, carbohydrate intake will be 
increased to 60 g/day to increase compliance. It is our 
experience that strict carbohydrate restriction is difficult 

to maintain in the long term and that liberalising the 
regime increases compliance. In our earlier study on the 
effect of a ketogenic diet in patients with acromegaly,39 we 
found that even after increasing carbohydrate intake to 
80 g/day, metabolic improvements were still visible. When 
adhering to the diet, emphasis is placed on the use of 
products high in polyunsaturated and monounsaturated 
fatty acids (diet margarines, oils, fish, nuts), preferably 
with vegetable and marine sources of protein, in concor-
dance with the national nutritional guidelines.56 We aim 
to moderately reduce the calories to about 70%–80% of 
the daily energy requirements; therefore, the diet is clas-
sified as an LCKD.57

Study procedures
During study runtime, participants will be subjected to 
several control procedures: online supplemental table 1 
and figure 3 provide an overview. The main procedure 
is defined by regular consultation by a dietician experi-
enced in administering the LCKD. These consultations 
will focus on explaining the study diet, instructions 
on how to successfully adhere to the diet and instruc-
tions in the case of potential side effects. Patients will 
receive (person- )tailored advice on acquiring ketosis, 
are provided information on recipes, certain products 
they can use and products they should avoid. Nutritional 
assessment will be conducted to determine dietary intake 
and thereby also adherence to the LCKD. This assess-
ment will be performed using the ‘Eetmeter’,58 an app 
extensively used during regular consultations by a dieti-
cian. Anthropometric measurements will be collected to 
assess possible changes in body weight or body compo-
sition during the LCKD. Aside from these assessments, 
subjects will self- check the ketone presence in the urine 
thrice weekly in the evening, using a simple urine strip 
to determine ketosis and thereby adherence. Subjects 
will be carefully instructed on how to use these strips and 
how to act if they are not in ketosis. During physical study 
appointments, blood will be acquired by venous puncture 
for measuring parameters associated with the interven-
tion. After 6 months, a follow- up MRI will be conducted 
as part of standard of care. The investigator can decide 
to withdraw a subject from the study for urgent medical 
reasons, relating to the HCA or the LCKD. Supervision of 
a qualified dietician is standard in our study and provides 
close observation to the amount and severity of possible 
side effects due to the LCKD. Potential side effects can 
improve with only minor adjustments under supervision 
of a dietician.

Figure 3 Schematic overview of study runtime and set time points of study procedures.
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Outcomes
Our primary study endpoint is the regression of HCA and 
the potential difference in regression when compared 
with the matched historical controls. The size (largest 
diameter in cm) of the largest HCA diagnosed on MRI 
will be measured at inclusion and at 6 months after start of 
the intervention. Mean regression will be calculated after 
which it will be compared with the mean regression of our 
matched cohort. The MRI will be conducted according to 
the standardised protocol for hepatic tumours imaging 
(Siemens, MRI liver with Primovist, either 3T: HD body 
array, Aircoil or 1.5T: 48 AA body array, 8Ch cardiac coil, 
12Ch Full body array).

Our secondary outcomes comprise several aspects of 
HCAs and the LCKD:

 ► Feasibility and adherence to the LCKD will be meas-
ured in several ways, including using an internally 
developed questionnaire which indicates the number 
of days subjects did not adhere to the ketogenic diet. 
It will serve as a tool during study visits at the outpa-
tient clinic. Adherence will also be quantified by deter-
mining ketone levels in urine, which participants will 
measure themselves thrice weekly (Siemens, Multi stix 
10SG). Dipsticks with results of either +, ++ or +++ will 
be considered as adherent. Patients with non- positive 
dipstick will be considered as non- adherent. Addition-
ally, blood ketosis will be monitored at the outpatient 
clinic visits during consultation with the dietician 
(blood ketone levels of >0.5 mmol/L will be consid-
ered adherent).

 ► Side effects and the burden of diet will be assessed 
via the same internally developed questionnaire 
during study visits and when a subject contacts the 
investigators.

 ► Anthropometric measurements will be performed at 
the outpatient clinic visits; see online supplemental 
table 1. These assessments include bodyweight (kg), 
body composition (Bio- electrical Impedance Anal-
ysis with the Bodystat quadscan 4000, Euromedix, 
Leuven, Belgium) and resting energy expenditure 
(Quark RMR, Cosmed Benelux B.V., Nieuwegein, The 
Netherlands).

 ► Liver fat content will be assessed on the MRI conducted 
during study runtime, according to the standardised 
protocol for hepatic adenoma’s (Siemens, MRI liver 
with Primovist, either 3T: HD body array, Aircoil or 
1.5T: 48 AA body array, 8Ch cardiac coil, 12Ch Full 
body array).

 ► Using the International Physical Activity Question-
naire,59 60 we will assess the physical activity of the 
participants at set time intervals, a higher score repre-
senting more physical activity.

 ► The RAND- 36 questionnaire61–64 will be used to assess 
the quality of life of the participants at set time inter-
vals. A higher score represents a higher quality of life.

 ► Laboratory measurements, including fasting glucose 
(mmol/L), fasting insulin (pmol/L), hemoglobin A1c 
(HbA1c) (mmol/mol), total cholesterol (mmol/L), 

high- density lipoprotein (HDL) (mmol/L), low- 
density lipoprotein (LDL) (mmol/L), free fatty acids 
(mmol/L), triglycerides levels (mmol/L), IGF- 1 
(nmol/L), growth hormone (µg/L) and β-hydrox-
ybutyrate (mmol/L), will be assessed by routine lab 
procedures during set time points at the study visits. 
Measurements will be compared between these time 
points.

 ► Nutritional assessment will be measured using the 
aforementioned Eetmeter58 and the internally devel-
oped questionnaire. It will provide an overview of 
macronutrient intake and thereby also adherence. 
Intake of macronutrients will be compared between 
set time points.

 ► Prediction of the probability of HCA regression will 
be done using the prediction model developed by 
Klompenhouwer et al.21 This prediction model esti-
mates the probability of HCA regression to <5 cm at 
1 and 2- year follow- up with an internally validated 
c- index of 0.79. Included predictors in this model 
are diameter at diagnosis, diameter at first follow- up, 
the dates of diagnosis and first follow- up and HCA- 
subtype. It is available via https://hcapredictionshin-
yappsio/calculator/. The predicted probabilities of 
regression to <5 cm of our cohort of will be calculated 
and compared with the predicted probabilities of the 
matched cohort.

In general, if measurements are not available from the 
matched cohort, change in these measurements will be 
compared between baseline, at 3 months follow- up and 
the study endpoint in our interventional cohort. This 
is, for instance, the case for the quality of life and liver 
fat content. Follow- up and outpatient visits concerning 
treatment of the HCA will be identical to standard care. 
Study appointments will run parallel to standard of care 
employed and will not interfere with routine procedures.

Sample size calculation
Although it is a proof- of- concept study, we computed a 
sample size calculation to support our theorised cohort 
size. We based our sample size calculation on the large 
multicentre retrospective cohort mentioned earlier.21 
This study calculated a median (IQR) HCA diameter at 
baseline of 82.0 mm (65–100) and at 6 month follow- up 
of 65.0 mm (56–80). Considering a relevant effect of 
20% difference in mean tumour size after 6 months, we 
estimated an average additional decrease of 13 mm in 
the interventional cohort. With a two- sided alpha set at 
0.05, power at 0.95, we calculated that at least 51 subjects 
are required. Anticipating a ±10% dropout, we aim to 
include 55 participants in this study. We aim to include 
all study subjects in 1.5–2 years, given that our tertiary 
hospital is a regional referral centre for treatment of 
HCA. On average, 80 patients with HCA are referred a 
year. Therefore, we consider it feasible to include all our 
participants in 2 years, depending on the extent of the 
COVID- 19 pandemic.
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Recruitment
All eligible subjects visiting the outpatient clinic are 
invited to participate in the study. The gastroenterolo-
gist/hepatobiliary surgeon briefly explains the purpose 
and the general outline of the study. If potential partic-
ipants are interested in participation, the study investi-
gator explains the study design, purpose and intervention 
in more detail. In case informed consent is given, subjects 
will receive an appointment with the study researcher and 
the dietician–researcher to start with the LCKD.

Data collection methods
Study data will be collected from the electronic health 
system. Questionnaires can either be submitted digitally 
or on paper, depending on the preference of the partici-
pant. Data retrieval will be conducted by trained medical 
personnel with knowledge of the study procedures. Each 
study subject has a personal electronical Case Report 
Form, of which a blank copy can be supplied on request. 
As described earlier, subjects will be carefully instructed 
by dieticians, which is why we expect a relatively high 
participant retention and complete follow- up. If a subject 
aims to discontinue participation, we ask permission to 
collect the information from the standard of care MRI 
at 6 months. Retrieved study data will be handled confi-
dentially and stored in Castor EDC (Amsterdam, the 
Netherlands), used in compliance with laws and regula-
tions. Data entry will be conducted by trained medical 
personnel and data will be range- checked during entry to 
further enhance data quality.

Statistical analysis
Statistics will be computed using IBM SPSS software 
V.25.0 or R V.4.0.3 or newer. An intention- to- treat analysis 
will be conducted to account for the feasibility of the diet. 
A two- sided significance level of 0.05 will be used for all 
primary and secondary analyses unless stated otherwise. 
In the case of missing data, an analysis will be performed 
with multiple imputation.

To determine the primary endpoint, we will construct 
a multivariable linear regression model to estimate the 
difference in tumour regression between the treatment 
group and the historical control group. The model will 
be adjusted for age, change in body weight, the ketogenic 
diet and OC use at baseline. In the secondary analysis, the 
multivariable linear regression model analysis from the 
primary analysis will be performed including adherence 
to the diet as independent variable.

Analysis for adherence to and side effects of the keto-
genic diet will be done via descriptive statistics. Change in 
liver fat content will be compared in our acquired cohort 
by a multivariable linear regression model. The indepen-
dent variables in this model will include age, change in 
body weight and OC use at baseline. An additional anal-
ysis will be performed including adherence to the diet 
as independent variable. Changes in laboratory measure-
ments will be compared in our cohort by using descrip-
tive statistics, t- tests in the case of continuous outcome 

variables with normal distribution or non- parametric 
tests in the case of non- normality. The χ2 test will be used 
for categorical data. Because of repeated measurements, 
change in body weight, body composition and resting 
energy expenditure will be estimated in our cohort by 
mixed- effect models. The independent variable in this 
model will include age at baseline; an additional anal-
ysis will be performed including adherence to the diet 
as independent variable. Change in quality of life will 
be compared over time in our cohort by a mixed- effects 
model analysis. The independent variables in this model 
will include age and change in body weight. An additional 
analysis will be performed including adherence to the diet 
as independent variable. Change in physical activity will 
also be compared by a mixed- effect model analysis. The 
independent variables in this model will include age and 
compliance to the diet. Results of the prediction model 
will be compared between our cohort and the matched 
historical controls by the χ2 test.

Data monitoring
We classified the risk of our study as negligible. As 
described by the Erasmus MC monitoring plan, we will 
have a monitoring frequency of once per year. Moni-
toring activities are as follows: confirming that the Trial 
Master File and Investigator Site File are present and 
complete, confirming that the study staff is adequately 
instructed on the study procedures, assessment of patient 
inclusion rate, consent, compliance, source document 
verification and verification of accessibility of study proce-
dures. The frequency and procedures of auditing will not 
be changed for our study. Regular auditing, standard for 
this academic hospital, will be continue as normal. This 
process is done independently from the study and its 
investigators.

Conservative treatment of (a)symptomatic HCA in 
women of fertile age has been proven feasible and safe 
and is current best clinical practice.18 19 21 22 Especially 
asymptomatic adenoma’s <5 cm have an extremely low 
chance of rupture65 66 and are treated almost exclusively by 
careful follow- up. Adenomas larger than 5 cm in subjects 
who are using OCs at the time of diagnosis also have a 
significant chance of an excellent response on conserva-
tive therapy.18 19 21 22 Subjects will receive adequate infor-
mation considering the nature of the disease and will be 
carefully instructed when to contact the hospital and/
or their general practitioner. Conservative treatment is 
a low- risk therapy of HCA and continuing this practice 
in the current study does not increase the risk of clini-
cally significant complications. Potential side effects of 
the ketogenic diet are constipation, diarrhoea, nausea, 
vomiting and very rarely pancreatitis, the frequency of 
which are low.40–42 Supervision of a qualified dietician 
during study runtime will adequately detect potential 
side effects. Possible side effects will often improve with 
minor adjustments after dietary consultation. Therefore, 
we consider it safe to use a ketogenic diet for our subjects 
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and the risks associated with participation can be consid-
ered negligible.

ETHICS AND DISSEMINATION
The medical ethical committee of Erasmus MC has 
approved the study protocol, patient information files, 
consent procedures and other study- related documents 
and procedures. This medical committee is an extension 
of the Dutch Central Committee on Research Involving 
Human Subjects. The trial has been registered under 
medical ethical assessment numbers MEC- 2020- 0777 and 
NL75014.078.20.

The procedure regarding study amendments has been 
defined in the study protocol. A substantial amendment is 
defined as an amendment that is likely to affect to a signif-
icant degree: the safety or physical or mental integrity of 
the subjects of the trial, the scientific value of the trial, 
the conduct or management of the trial or the quality or 
safety of any intervention used in the trial. Substantial 
amendments will be submitted to the same medical ethical 
committee and will only be conducted and implemented 
after approval. If an amendment has been accepted by 
the ethical committee, it will be changed accordingly in 
the trial registry and any previous publications.

Informed consent will be obtained in accordance 
with relevant laws and regulations (eg, Guideline for 
Good Clinical Practice (ICH- GCP)) by the qualified 
study researchers or principal investigator. Because our 
research will not be performed in minors or incapaci-
tated subjects, no information file or procedure has been 
defined for surrogates. A separate additional consent 
has been constructed for the use of participant data for 
related studies in the future; this consent is not required 
to participate in the study. A model consent form has 
been provided in the online supplemental appendices.

Confidentiality
On study inclusion, each subject will be assigned a study 
number which will be listed on all study related docu-
mentation. In this study, no personal documents will be 
listed. Data will be confidentially saved for a maximum of 
15 years after completion of the study, in compliance with 
Dutch practice and laws. All personal or pseudonymised 
data will be handled with care and in compliance with 
the EU General Data Protection Regulation. Data entry 
will be conducted in the pseudonymised form with study 
numbers. The principal investigator will keep a subject 
identification log; a record of the personal identification 
data linked to each study number. This record is filed at 
the investigational site and can only be accessed by autho-
rised personnel, f.i. the investigator and the supporting 
site staff. Research data that can be traced to individual 
persons can only be viewed by authorised personnel. 
The principal investigator is responsible for final trial 
data set. Research data can only be viewed by authorised 
personnel: members of the research team, members of 
the healthcare inspection and study monitors. Potential 

data sharing requests will be approved by a representative 
of the academic hospital and the principal investigators.

After the study period of 6 months, participants are free 
to continue the LCKD: they can choose to keep adhering 
or switch to another diet. If they would like advice from 
a dietician, they can be referred to a dietician via their 
primary care physician. Potential compensation for any 
participant who suffers harm due to trial participation 
has been covered by the academic hospital insurance, in 
accordance with laws and regulations.

Dissemination of study findings
The principal investigator is responsible for the public 
disclosure and publication of the research data. The 
(final) results of the study will be summarised in a report/
article and will be submitted for publication in a medical 
journal, adhering to the Strengthening the Reporting 
of Observational Studies in Epidemiology checklist for 
cohort studies. The trial has also been registered in a Dutch 
public trial registration registry, available at: http://www. 
trialregister.nl/trialreg/index.asp. Eligibility for author-
ship has been defined by the International Committee of 
Medical Journal Editors (ICMJE) guidelines for the role 
of Authors and Contributors.67 The full protocol, anony-
mised dataset and statistical code can be granted after 
submitting a request with the principal investigator and 
the institutions technology transfer office.

The primary objective of our study is to investigate 
whether an LCKD increases the rate of regression of 
HCA in overweight women. To this end, we designed 
an interventional matched cohort study. Our study has 
several limitations. First, our study is not designed as a 
randomised controlled trial. Due to the low incidence of 
HCA, it is unfeasible to construct an ethically and scientif-
ically sound randomised controlled trial, which could be 
completed in a timely manner. Therefore, we designed a 
matched cohort intervention study, creating the oppor-
tunity to provide the best available scientific evidence 
on the therapeutic effect of an LCKD on HCA, currently 
a knowledge gap in this research field. We have a large 
national cohort at our disposal,21 which is a reliable 
control cohort for our treated study population, after 
reducing possible influence of covariates by matching. 
This will provide the best available evidence, aside from a 
randomised controlled trial.

Although we have a relatively large and highly moti-
vated population of patients with HCA, another limitation 
of our study is that the dietary intervention is at risk for 
unforeseen non- adherence due to the long intervention 
period. We aim to reduce this risk by providing compre-
hensive information and assistance during their LCKD.

Trial status
This trial is currently ongoing and actively recruiting 
participants (14/55). It has a planned duration of 2 
years, with recruitment having started in April 2021 
and continuing to April 2023. All changes in the study 
protocol will be recorded in the clinical trials registry.
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