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Abstract 

Hepatocellular carcinoma (HCC) comprises 75 to 85% of all primary liver cancers. Current guidelines recommend 
a biannual HCC surveillance using ultrasound (US) for high‑risk patients. However, due to its low sensitivity for detec‑
tion of early‑stage HCC lesions, there is an urgency for more sensitive surveillance tools. Here, we describe the poten‑
tial of a short MRI surveillance (SMS) protocol for HCC, including axial T1‑weighted in‑out phase, fat‑saturated 
T2‑weighted, and diffusion‑weighted sequences. In this prospective, multicenter, patient cohort study, patients will be 
recruited from existing HCC surveillance cohorts of six medical centers in The Netherlands. Surveillance patients who 
undergo biannual US, will be invited for SMS on the same day for 3 years. In case of a suspicious finding on either US 
or SMS, patients will be invited for a full MRI liver protocol including gadolinium‑based contrast agent intravenous 
injection within 2 weeks. To our knowledge, this will be the first study to perform a head‑to‑head comparison 
with a paired US‑MRI design. We hypothesize that the sensitivity of SMS for detection of early‑stage HCC will be 
higher than that of US leading to improved survival of surveillance patients through timely HCC diagnosis. Further‑
more, we hypothesize that the SMS‑HCC protocol will prove cost‑effective.

Relevance statement The US sensitivity for detecting early‑stage HCC has been reported to be less than 50%. We 
expect that the proposed SMS will detect at least twice as many early‑stage HCC lesions and therefore prove to be 
cost‑effective.

Key points
• The low sensitivity of US necessitates better imaging tools for HCC screening.

• This is the first study with a paired US‑MRI design.

• This design will allow a head‑to‑head comparison in both diagnostics and patient‑acceptance.

• We expect that SMS can contribute to a higher survival rate.
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Graphical Abstract

Background
The prognosis for patients diagnosed with hepatocellu-
lar carcinoma (HCC) is poor, with a 5-year survival rate 
below 20% [1]. The incidence of HCC is higher among 
patients who have been diagnosed with chronic viral 
hepatitis C and/or cirrhosis [2]. The annual incidence 
of HCC for cirrhotic patients due to chronic hepatitis B 
or C infection is 2–5% [3].

According to the guidelines of the American Asso-
ciation for the Study of Liver Diseases−AASLD and of 
the European Association for Study of the Liver−EASL, 
biannual ultrasonography (US) is recommended for 
high-risk patients [4, 5]. Advantages of US as a surveil-
lance tool include the relatively low costs, widespread 
availability, and no radiation exposure. However, for 
patients with concurrent steatohepatitis or obesity, the 
accuracy of US surveillance is limited, due to impaired 
transabdominal US access of the liver [6, 7]. In addi-
tion, a recent meta-analysis showed that the sensitivity 
for detecting early-stage HCC using US is merely 47% 
[8]. Studies and guidelines have emphasized the impor-
tance of timely detection of early-stage HCC lesions, 
i.e., smaller than 2  cm, as this will improve survival 
[9–11]. Unfortunately, HCC lesions detected during 
US surveillance are often larger than 2 cm [8], directly 

emphasizing the urgent need for better surveillance 
methods.

The American College of Radiology states that mul-
tiphase contrast-enhanced tomography (CT) and mag-
netic resonance imaging (MRI) need to be considered for 
HCC surveillance when US is insufficient [12]. The dis-
advantages of both CT and MRI include high costs, long 
duration, and limited availability and capacity compared 
to US. Furthermore, the potential risks associated with 
the use of intravenous contrast agents, and, regarding CT, 
the potential risks of repeated radiation exposure should 
be taken into consideration.

Studies have shown that non-contrast MRI (ncMRI) 
has similar sensitivity for detecting focal liver lesions as 
compared to gadoxetic-acid enhanced MRI [13, 14]. By 
using ncMRI, not only the potential risks related to con-
trast agents are eliminated, but the costs and duration of 
the examination are reduced as well. These advantages 
may favor ncMRI as a surveillance tool.

Hence, we have taken the first step to investigate the fea-
sibility of a ncMRI protocol for the screening of HCC in a 
simulated study, evaluating this “short MRI surveillance” 
(SMS) protocol in 240 patients [15]. Patients underwent 
yearly a full liver MRI protocol (Fig. 1), of which the three 
sequences constituting the SMS protocol were extracted 
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and analyzed (Fig. 1c–e). Promising sensitivity and speci-
ficity were found of 80–97% and 72–91%, respectively. We 
concluded that the proposed SMS protocol is highly accu-
rate for detecting HCC in high-risk patients.

For the next step, we will setup a prospective, mul-
ticenter study to evaluate the SMS protocol in current 
surveillance patients and compare it to US.

Fig. 1 Images of a patient with chronic hepatitis C cirrhosis using the full MRI liver protocol. Newly found hypervascular lesion (arrows) 
measuring 13 mm in diameter can be seen (a), showing wash‑out (b) and hyperintensity on T2‑weighted image (c), as well as hyperintensity 
on diffusion‑weighted image (d) and hypointensity on T1‑weighted image (e). The lesion was classified as LI‑RADS 5
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Methods
Study design
The study protocol was reviewed and approved by the 
Medical Ethics Review Committee (MEC-2022-0731). 
Written informed consent will be signed and obtained 
from all participating patients by the investigators. This 
trial is registered at the international trial registry of 
ClinicalTrials.gov (NCT05429190).

This is a prospective, multicenter, observational patient 
cohort study. Patients will be recruited from the already 
existing US surveillance cohorts of six hospitals in the 
Netherlands. Patients will be invited for paired US-SMS 
surveillance, every 6 months (Fig. 2).

Patient recruitment and selection
The inclusion of patients will be done at (1) the Erasmus 
Medical Center Rotterdam; (2) the Amsterdam Univer-
sity Medical Center; (3) the St. Franciscus Gasthuis & 
Vlietland, Rotterdam; (4) the Maasstad hospital, Rot-
terdam; (5) the Albert Schweitzer hospital, Dordrecht; 
and (6) the Medisch Spectrum Twente, Enschede. The 
inclusion and exclusion criteria are based on the recom-
mendations from the guidelines database from the Royal 
Dutch Medical Association [16] (Table 1).

Sample size calculation
The sample size was determined using a procedure of 
1000 simulations. Based on own preliminary results and 
previously reported prevalence, the prevalence of HCC 
in our screening population was set at 12% [17–19]. Sec-
ondly, the sensitivity and specificity of the SMS protocol 
was assumed be 80% and 72%, respectively, based on our 
own data analysis [15]. For US, the sensitivity and speci-
ficity were assumed to be 53% and 91%, respectively [8, 
15]. Then, the number of true and false positives and true 
and false negatives were generated. Using exact binomial 
testing, the p-value from comparing US and SMS was 
obtained. Next, this procedure was repeated by gener-
ating 1000 datasets and investigating the proportion of 
samples with p-value below 0.05 (α-level). Finally, the 
sample size was determined by setting the power (1-β) 
at 80%. This resulted in a calculated sample size of 470 
assuming a drop-out rate of 10–15%.

Furthermore, given the dynamic enrollment of the 
participants, we estimated that the average number of 
screenings will be 2.5 per patients. Using the calculated 
sample size, the total number of screenings over the 
study period will be 1,175 screenings of paired US-SMS. 
In addition, similar prospective studies have been carried 

Fig. 2 Flowchart of the study design. HCC, Hepatocellular carcinoma; LR-1/5,M, LI‑RADS‑1/5,M; MRI, Magnetic resonance imaging; SMS, Short MRI 
surveillance; US, Ultrasound
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out with comparable numbers [18, 19]. Therefore, our 
study cohort will have a sufficient sample size to evaluate 
the value of the SMS and relate to other similar studies.

Surveillance program
Patients enrolled into the study receive paired US-SMS 
surveillance with a 6-month interval, with an inclusion 
period of 3 years. The US surveillance will be performed 
by radiologists or hepatologists with at least 3  years of 
experience with US of the liver and upper abdomen on 
current clinical applied ultrasound systems. Participating 
centers have different brands of US systems with a model 
build 0.5 to 6 years ago. Reading of the US will be done by 
one reader who will also evaluate the SMS as one of three 
readers.

MRI will be performed on clinical applied 1.5-T system 
from different vendors using a dedicated body coil with 
an 8–16 channel range. The SMS will consist of three 
sequence parameters as specified in Table  2. Each SMS 
will be evaluated by three experienced and well-trained 
radiologists who will be blinded for each other’s find-
ings and of which two readers will also be blinded for US 
findings.

Imaging criteria for suspicious HCC lesions 
and confirmation
On US surveillance, a suspicious nodule is defined as 
follows:

1. A nodule larger than 1  cm, previously not seen or 
increased in size compared to previous US;

2. A nodule without typical features of simple cysts or 
hemangiomas;

3. Impression of diffuse infiltrative lesion(s) with or 
without portal vein obstruction;

4. Occurrence of thrombosis in previously patent portal 
or hepatic vein.

Reporting will be done according to LI-RADS US algo-
rithm for visualization score and detection category of 
lesions.

With the SMS, a suspicious nodule is defined as a newly 
appearing or enlarging nodule that shows at least one of 
the following imaging features:

1. Hypointensity on T1-weighted imaging;
2. Hyperintensity on T2-weighted imaging;

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

‑ Patients age ≥ 18 years at time of enrollment
‑ Patients diagnosed with chronic hepatitis B
 ◦ All patients diagnosed with chronic hepatitis B and liver cirrhosis
 ◦ The following patients diagnosed with chronic hepatitis B with‑
out liver cirrhosis:
  ▪ East‑Asian men ≥ 40 years of age
  ▪ East‑Asian women ≥ 50 years of age
  ▪ Patients from sub‑Saharan Africa ≥ 20 years of age
  ▪ Patients with HCC family history
‑ Patients diagnosed with non‑hepatitis B cirrhosis:
 ◦ Patients diagnosed with hepatitis C
 ◦ Patients diagnosed with alcoholic cirrhosis
 ◦ Patients diagnosed with hemochromatosis
 ◦ Patients diagnosed with primary biliary cirrhosis

‑ Patients age < 18 years at time of enrollment
‑ Patients who decline to sign the written informed consent form
‑ Patients with contraindications for undergoing magnetic resonance 
imaging examination

Table 2 Scan parameters of the short MRI surveillance (SMS) protocol on 1.5‑T systems

Sequence Matrix size Slice 
thickness 
(mm)

Gap (mm) Repetition time (ms) Echo time (ms) Flip angle (°) Duration (min:s)

Axial, T1‑weighted 3D 
gradient‑echo in‑out 
phase

300 × 260 4 0 6.2 2.1/4.2 12 0:16

Axial, T2‑weighted 
fast spin‑echo with fat 
saturation

320 × 320 6 0.5 Dependent on trig‑
gering

93.8 160 3:42 (dependent 
on respiratory fre‑
quency)

Axial, echo‑planar 
diffusion‑weighted 
(b = 50, 100, and 800 s/
mm2)

120 × 150 6 0.6 Dependent on trig‑
gering

60.1 90 2:34 (dependent of res‑
piratory frequency)
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3. Restricted diffusivity;
4. Nodule-in-nodule pattern (mosaic appearance);
5. Nodule with heterogeneous fatty changes;
6. Nodule containing blood products.

Diffuse infiltrative lesions with or without a suspected 
(tumor) thrombus or a new thrombus in the portal- or 
hepatic vein without distinct lesions will be also consid-
ered suspicious. Reporting of the SMS will be done first 
by quality assessment of SMS acquisition and secondly 
by detection category of lesions. Observations will be 
related to previous SMS, if available. Consensus will be 
reached on interpretation and registration of findings on 
SMS by majority vote.

In case of suspicious findings on the US or SMS, a 
full liver MRI protocol examination will be scheduled 
within 2  weeks, adopting the protocol as described by 
Willemssen et  al. [15]. The protocol will consist of the 
SMS sequences and, additionally, a coronal and axial 
T2-weighted single-shot fast-spin echo; an axial, dynamic 
phase, 3D gradient echo T1-weighted image with fat 
suppression; contrast-enhanced axial dynamic phase, 
3D gradient echo T1-weighted images with fat suppres-
sion; and a coronal, gradient echo T1-weighted image 
with auto calibrating reconstruction for cartesian sam-
pling. Contrast-enhancement will be done using 7.5  cc 
gadobutrol 1 mmol/mL at a rate of 2 mL/sec and a saline 
flush of 30 mL.

In the case of undesirable full liver MRI protocol 
examination, then multiphase CT scan of the liver will 
be offered to the patient. At minimum, 64-row multide-
tector CT scanners from different vendors will be used. 
The protocol will consist of a non-contrast, late arterial, 
portal-venous and equilibrium phase with standard tech-
nical parameters as described by Kulkarni et al. [20]. Full 
MRI or multiphase CT will be evaluated and reported 
conform LI-RADS and discussed within the multidis-
ciplinary liver tumor board of the respective centers for 
confirmation on the final diagnosis and recommenda-
tions for clinical management.

Endpoints
The primary endpoint of this study is the sensitivity, 
specificity, the positive predictive value, and an estimated 
negative predictive value for early-stage HCC detection 
by SMS with respect to US surveillance during a 3-year 
follow-up.

A secondary endpoint is the cost-effectiveness of SMS 
compared to US surveillance. It is hypothesized that 
despite the direct higher costs of MRI, SMS will be cost-
effective. We expect that SMS will detect at least twice 
more early-stage HCC than US, based on calculated sen-
sitivity and specificity of the pilot study [15]. This may 

allow for relative less expensive treatment with favora-
ble patient outcome when compared with specialized 
liver surgery and chemotherapy regimes in case of more 
advanced stage HCC [21]. These differences in manage-
ment and inherent costs will be addressed within the cal-
culations of the cost-effectiveness study.

Another secondary endpoint of this study is the patient 
acceptance of the SMS as the potential new screening 
standard modality. Patients will be invited to circumvent 
their experiences, through a questionnaire which also 
allows to express their compliance with both modalities.

Data storage and management
For data storage and management, we use the national 
imaging platform provided by CTMM/Lygature TraIT 
(http:// www. ctmm- trait. nl/ trait- tools/ xnat). This plat-
form is built on top the open source XNAT software 
(www. xnat. org). Users need proper authorization in 
order to access images and derived data, this to secure 
patients data. The Clinical Trial Processor software is 
used to transfer data from the local PACS software to 
the central imaging platform. Readers of the SMS will 
enter their findings separately into a standardized and 
anonymized clinical report form in the online clinical 
software program Castor EDC.

Statistical analysis
The sensitivity, specificity, positive predictive value, and 
an estimated negative predictive value of the SMS and 
US for the detection of HCC will be calculated and com-
pared, using the results of the full MRI liver protocol as 
reference standard, combined with negative follow-up for 
the cases of no suspicious findings at US and SMS. Only 
an estimated negative predictive value can be calculated, 
due to non-availability of the full liver MRI in case of no 
findings on both the US and SMS. McNemar test will be 
used to determine significance in differences between the 
sensitivity and specificity of SMS versus US.

The cost-effectiveness analysis will be conducted from 
a healthcare perspective, using costs per detected can-
cer as outcome. Direct medical costs will be measured 
for both diagnostic pathways, using collected data from 
participating medical center databases and literature. The 
analysis will be carried out according to Dutch guidelines 
and by using a Markov model. The final outcome will be 
an incremental cost-effectiveness ratio to express the dif-
ference in costs between the SMS and US pathway per 
unit of health gain, i.e., the number of detected cancer 
and quality adjusted life years. The uncertainty around 
the estimates will be addressed using deterministic and 
probabilistic sensitivity analyses.

In addition, data from this study and literature will be 
used to calculate the impact of improved detection of 

http://www.ctmm-trait.nl/trait-tools/xnat
http://www.xnat.org
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early-stage HCC on outcomes, i.e., progression free sur-
vival and overall survival.

Discussion
The aim of this study protocol is to evaluate the value of 
the SMS and compare it to the current standard of bian-
nual US surveillance for HCC. This is a prospective mul-
ticenter study with a paired design for a single arm of 
patients.

Previous studies have proven the value of HCC imag-
ing surveillance with US when compared to no screen-
ing [22, 23]. Jespen et  al. [24] suggested that it may be 
necessary to perform more randomized controlled tri-
als on HCC surveillance to determine whether the ben-
efits of surveillance weigh up against the harms and the 
costs. A large scale randomized controlled trial showed 
that semiannual screening with US reduced HCC-related 
mortality by 37% for those who underwent surveillance, 
despite suboptimal adherence to the surveillance pro-
gram (58.2%) [23]. Other studies have reinforced the ben-
efits of surveillance in high-risk patients with detection of 
more early-stage HCC with consequently a higher rate of 
curative treatments and better survival than in the non-
surveillance group [25, 26]. Kim et al. [27] and An et al. 
[28] have published study protocols based on abbrevi-
ated ncMRI protocols. Either the patients were offered an 
annual screening using ncMRI or were assigned to bian-
nual US surveillance with a cross-over study design of 
biannual ncMRI surveillance or US [27, 28]. We believe 
that our study design of paired US-SMS will allow for 
a direct head-to-head comparison in diagnostics and 
patient acceptance.

To the best of our knowledge, this is the first published 
paired US-MRI study design. We expect that the pro-
posed SMS will detect at least twice as many early-stage 
HCC lesions and be the next step in improving the hep-
atitis-cirrhosis HCC care chain. Based on our prelimi-
nary results and emerging insights from the literature, we 
expect the projected cost-effectiveness analysis to favor 
SMS [13–15]. We also expect the SMS to improve sen-
sitivity for detection of early-stage HCC as an objective 
surveillance imaging tool, compared to US and may gain 
patient acceptance as a new standard for imaging surveil-
lance of HCC.
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