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Ultrasound surveillance for hepatocellular carcinoma:
real-life performance in a hepatology outpatient clinic
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Summary

QUESTIONS: Regular surveillance of patients at risk for
hepatocellular carcinoma (HCC) has been recommended
by international guidelines and is practiced in many hep-
atology clinics. However, little is known about the effect-
iveness and the costs of 6 monthly ultrasound surveillance.
METHODS: Clinical charts, ultrasound reports and reports
of additional examinations (computed tomography, mag-
netic resonance imaging, liver biopsy) were systematically
reviewed. The tumour stage of HCC detected in the surveil-
lance programme was compared with stages of patients not
surveyed. The number needed to survey to detect a HCC
and the costs per detected HCC were calculated.
RESULTS: In the 2-year period 2011–2012, 696 ultrasound
examinations in 285 patients were performed in the hep-
atology outpatient clinic of the University Hospital Basel,
Switzerland. Focal lesions were detected by ultrasound in
88 of the 285 patients. Nine of them had a newly diagnosed
HCC. All of them were at early stage (Barcelona Clinic
Liver Cancer staging 0 or A) and 8 of 9 fulfilled Milan Cri-
teria. In this 2-year surveillance period, the number needed
to screen was 32 patients. The calculated costs per detected
HCC were 29 701 Swiss francs.

Abbreviations
AASLD American Association for the Study of Liver Diseases
AFP alpha-foetoprotein
APASL Asian Pacific Association for the Study of the Liver
ASH alcoholic steatohepatitis
BCLC Barcelona clinic liver cancer
CEUS contrast-enhanced ultrasound
CT computed tomography
EASL European Association for the Study of the Liver
EORTC European Organisation for Research and Treatment of
Cancer
HCC hepatocellular carcinoma
HBV hepatitis B virus
HCV hepatitis C virus
MRI magnetic resonance imaging
NASH nonalcoholic steatohepatitis
NNS number needed to screen
RFA radiofrequency ablation
SIRT selective internal radiotherapy
TACE transarterial chemoembolisation
US ultrasound

CONCLUSIONS: In this retrospective analysis, HCC sur-
veillance resulted in the detection of HCCs in an early
stage. The number needed to screen and the costs of the
surveillance are reasonably low.
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screening; cost-effectiveness

Introduction

Liver cancer is the fifth most common cancer in men
worldwide and seventh most common in women [1]. Be-
cause the diagnosis often is delayed, hepatocellular car-
cinoma (HCC) has the reputation of a rapidly progressive
cancer with a bad prognosis. However, HCC usually devel-
ops on the basis of liver cirrhosis and has a prolonged sub-
clinical growth period during which it can be diagnosed in
earlier stages that are amenable to curative treatments. It
has long been recognised that patients with liver cirrhosis
have an increased risk for HCC. Moreover, chronic viral
hepatitis B has been found to increase HCC risk even in the
precirrhotic stage of the disease, especially in patients with
Asian and African ancestry. The potential benefit of detec-
tion of HCC at earlier stages has motivated several expert
groups and professional associations to recommend HCC
surveillance with 6 monthly liver ultrasound examinations
for patients at risk for HCC [2–4]. These recommenda-
tions are based on limited evidence. Well-designed pro-
spective randomised trials that compare surveillance versus
no surveillance are lacking, and most experts agree that
such studies are unlikely to be performed in the future [5,
6]. A recent meta-analysis concluded that current clinic-
al policy recommendations for HCC screening can neither
be supported nor refuted on the basis of published stud-
ies, because there was only very-low-strength evidence for
efficacy of HCC screening, and because data about harms
caused by screening are completely missing [7].
In Switzerland, HCC screening policies vary widely
between regions, hospitals and practitioners. HCC screen-
ing programmes are implemented in the hepatology speci-
ality clinics of University Hospitals and major regional re-
ferral hospitals, but are largely absent outside this setting.
Given the controversies about the benefits of HCC screen-
ing, we analysed the performance of a long-standing sur-
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veillance programme performed at the University Hospital
Basel, Switzerland.

Patients and methods

The HCC surveillance programme at the Clinic for
Gastroenterology and Hepatology of the University Hos-
pital Basel follows the American Association for the Study
of Liver Diseases (AASLD) Practice Guidelines [3] and in-
cludes patients with cirrhosis and hepatitis B virus (HBV)
carriers without cirrhotic liver but increased risk for HCC
(Asian males ≥40 years, Asian women ≥50 years, Africans
≥20 years, family history of HCC). Surveillance patients
are investigated every 6 months by means of abdominal ul-
trasound (US). We performed a systematic review of clinic-
al charts, US reports and reports of additional examinations
such as computed tomography (CT), magnetic resonance
imaging (MRI), contrast-enhanced ultrasound (CEUS) and
liver biopsy. All these examinations and analyses were per-
formed or directly supervised by board-certified gastroen-
terologists/hepatologists, radiologists and pathologists.
Patients were classified as adherent to the surveillance pro-
gramme if the interval between US examinations did not
exceed 8 months. Nonadherent patients were subdivided
into further participation in the surveillance with intervals
>8 months or nonadherence for unknown reason. They
were classified as lost to follow-up if they left Switzerland
or did not react to more than three calls.
Determination of serum alpha-foetoprotein (AFP) levels is
not mandatory in the Basel surveillance programme, but
AFP levels were nevertheless determined in more than
two-thirds of the visits, and were collected and analysed as
well.
In all cases with focal lesion detected by US, the results of
the following examinations, their congruency and the abil-
ity to make a definitive diagnosis were determined by re-
viewing all reports.
Diagnosed HCCs were staged according to the Barcelona
Clinic Liver Cancer (BCLC) staging system [2].
In the years 2011 and 2012, 42 patients with a diagnosis
or the suspicion of an HCC were referred to our clinic for
further staging and treatment from other hospitals or practi-
tioners. Seven of them were in an external US surveillance
programme, 35 had no surveillance. The characteristics of
these patients are shown in table 2. The BCLC stages and
the treatments of those 42 patients were used for compar-

ison with the 9 patients who were detected in the internal
surveillance programme.
The study was based on regular patient charts. There were
no additional examinations, interviews or questionnaires
for study purposes. All data presented in this report are an-
onymised. According to the regulations of the University of
Basel, no ethical approval was required for this retrospect-
ive study.

Calculations
The number needed to screen (NNS) was calculated by di-
viding the total number of patients in the surveillance pro-
gramme who had at least one US in the 2-year study period
and the total number of surveillance US examinations car-
ried out during the study period, by the number of patients
with newly diagnosed HCCs detected through a screening
US. For these calculations, all patients were included irre-
spective of their adherence to the surveillance programme.
The costs per HCC detected were calculated by dividing
the sum of the costs of all surveillance US examinations
(consultation, US and laboratory tests) plus all further pro-
cedures such as CT, MRI, CEUS and liver biopsies by the
number of newly diagnosed HCCs. For this cost calcula-
tion we used representative bills for surveillance US exam-
inations, CT, MRI, CEUS and liver biopsies. Patients are
charged according to the Tarmed tariff, the official reim-
bursement system for Switzerland (Tarmed Suisse [8]). The
mean effective cost per surveyed patient per year was cal-
culated by dividing the overall costs by the number of sur-
veyed patients and the number of study years.

Results

Patient characteristics
In the 2-year period from 2011 to 2012, 696 surveillance
US examinations were carried out in 285 patients, of whom
248 (87.0%) had liver cirrhosis. Of these, 63% were male
and 37% female patients. The age ranged from 22 to 83
years (median = 55). The underlying liver disease was hep-
atitis C virus (HCV) infection alone in 23%, HCV and
alcoholic steatohepatitis (ASH) in 11%, hepatitis B virus
(HBV) infection alone in 16%, HBV and ASH in 3%,
ASH alone in 32%, nonalcoholic steatohepatitis (NASH)
in 6% and other liver diseases in 9% (eight primary biliary
cirrhosis, four autoimmune hepatitis, two combination of
primary biliary cirrhosis / autoimmune hepatitis, two

Table 1: Modalities used for diagnosis of HCC, staging and treatment in 9 patients with newly diagnosed HCC.

HCC patients Biopsy CT CEUS BCLC Within Milan Therapy
Patient A Yes Yes No A Yes Liver transplantation

Patient B Yes Yes No 0 Yes RFA

Patient C Yes Yes Not done A Yes Laparoscopic resection

Patient D Yes Yes Not done A Yes RFA

Patient E Yes Yes Not done A Yes Resection

Patient F Yes No Not done 0 Yes Laparoscopic resection

Patient G Not done Yes Yes A Yes Resection

Patient H Not done Yes No A Yes Resection

Patient I Not done Yes Not done A No (4 nodules, all <11 mm) Liver transplantation

Accuracy 6 / 6 (100%) 8 / 9 (89%) 1 / 4 (25%)

BCLC = Barcelona Clinic Liver Cancer stage; CEUS = contrast enhanced ultrasound; CT = computed tomography; HCC = hepatocellular carcinoma; RFA = radio
frequency ablation
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primary sclerosing cholangitis, two haemochromatosis, one
porphyria, one Carney syndrome, two cystic fibrosis, one
drug-induced/toxic hepatitis, one nodular reactive hyper-
plasia, one multifactorial hepatitis) (fig. 1). A total of 145
(51%) patients had had surveillance US examinations
already before 2011 (pre-existing HCC surveillance co-
hort), 140 (49%) patients entered the surveillance pro-
gramme during the study period from 2011–2012. During
the 2-year observation period, 63 (22%) of the patients had
four or more, 81 (28%) had three, 56 (20%) had two and 85
(30%) had one surveillance US examination(s).

Adherence
Overall, 221 (77.5%) of the patients attended all planned
screening visits and were classified as adherent. Sixty-four
(22.5%) of the patients were nonadherent: 21 had surveil-
lance intervals that exceeded 8 months and 43 patients did

Figure 1

Frequency of underlying liver disease of the patients included in the
surveillance cohort.
ASH = alcoholic steatohepatitis; HBV = chronic hepatitis B; HCV =
chronic hepatitis C; NASH = nonalcoholic steatohepatitis.

Figure 2

Diagnostic work-up and results in the 285 patients surveyed at the
University Hospital Basel in the years 2011 and 2012.
CT = computed tomography; HCC = hepatocellular cancer; MRI =
magnetic resonance imaging

not attend further screening visits for unknown reasons and
were considered lost to follow-up.

Ultrasound findings, further examinations and final
diagnosis

Detection of focal lesions
A focal lesion was detected with US in 88 (31%) of the 285
patients in the surveillance programme (fig. 2). The US ex-
amination allowed a definitive diagnosis in 42 of these pa-
tients (12 simple cysts, 8 haemangiomas, 6 focal fat spar-
ing, 8 calcifications, 2 arteriovenous shunts, 2 regenerative
nodules, 3 cicatrices, 1 periportal connective tissue). Two
patients were lost to follow-up. The other 44 patients had
further examinations with CT (26), MRI (9), native (4) and
contrast-enhanced US (15), needle biopsy (8) or a combin-
ations of several of these (fig. 3). Twenty-three of them had
one, seven patients had two, seven had three, and seven had
more than three additional examinations. In nine of them
a HCC was diagnosed, most often through combination of
two imaging techniques and/or needle biopsies (fig. 2 and
3, table 1). In the other 35 of the 44 patients with suspicious
or unclear focal lesions who underwent further diagnostic
evaluations, 12 definitive diagnosis were made (one meta-
stasis, one echinococcal cyst, three focal fat sparing, two
regenerative nodules and five haemangiomas), eight cases
had no confirmation of a focal lesion by use of other ima-
ging modalities, three patients were lost to follow-up and
12 cases remained without diagnosis. In all cases without
diagnosis the lesion was <10 mm. All lesions were con-
firmed in additional imaging studies (CT or MRI), but no
diagnosis could be obtained. The lesions did not progress
in size during follow-up. Of note, in 2 of the 12 patients the
lesions were found to increase in size on follow-up US after
the end of the study period (2011–2012), and were then dia-
gnosed as HCCs.

Exclusion of focal lesions by US
No focal lesion was seen in 174 (61%) of the patients. No
further examinations were made in these patients because

Figure 3

Number and combination of the examinations carried out in order to
evaluate a suspicious lesion detected by surveillance ultrasound.
Numbers in parenthesis show the total examination number for the
different modalities. Regular numbers show the number of patients
with any given combination of examinations. The red boxes
highlight the examinations used in patients diagnosed with HCC.
CT = computed tomography; CEUS = contrast enhanced
ultrasound; HCC = hepatocellular cancer; MRI = magnetic
resonance imaging
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the US examinations were of high quality and allowed the
exclusion of an HCC with high confidence.

Inconclusive US examinations
In the remaining 23 (8%) patients surveillance US was in-
conclusive (i.e. could not detect or rule out a focal lesion
with sufficient certainty) (fig. 2). These ultrasounds were
not conclusive as a result of difficult ultrasonic conditions
such as obesity, ascites, meteorism or an uncooperative pa-
tient. All the patients had further evaluations (24 CT, 6
MRI, 4 US and 1 biopsy). Six patients were found to have
a focal lesion (four cysts, one regenerative nodule, one ci-
catrix), three patients had a “small arterial enhancing nod-
ule” (SAEN), in 14 patients a focal lesion could be defin-
itely ruled out.

Summary
In summary, in the surveillance cohort of 285 patients, 9
(3%) HCCs were detected in a 2-year period. Focal lesions
with other aetiologies were diagnosed in 60 (21%) patients.
In 174 patients, focal lesions were ruled out with high con-
fidence in the surveillance US. In the remaining 42 pa-
tients, further diagnostic work-up ruled out a focal lesion
in 22 patients, remained inconclusive in 15, and 5 patients
were lost to follow-up.

HCC staging and treatment
Of the nine newly diagnosed HCCs, two were at BCLC
stage 0 and seven at BCLC stage A. Six of the seven
patients with BCLC stage A were within Milan Criteria
(single nodule ≤5 cm or three nodules ≤3 cm of diameter
[2, 9]) (table 1). Two patients were treated with liver trans-
plantation, five with surgical resection and two with radi-
ofrequency ablation (RFA) (table 1).

Number needed to screen and costs per detected HCC
The number needed to screen in order to detect one HCC
in a surveillance period of 2 years is 32 patients or 78 sur-
veillance US examinations. In the 2 years, 2011 and 2012,
of the surveillance programme, the following examinations
were performed: 696 surveillance US, 55 CT, 18 MRI, 16
CEUS, 17 further US and 10 biopsies. The surveillance
US caused total costs of 197 977 Swiss francs (CHF). In-
direct costs generated by further examinations (CT, MRI,
CEUS, US, biopsies and laboratory analysis) amounted to
CHF 69 331. The combined total costs of the surveillance
programme were CHF 267 308. The calculated costs per
newly detected HCC were CHF 29 701. The annual costs
per patient add up to CHF 469.

Role of tumour biopsy
In eight of the nine patients with HCC, the diagnosis could
be made using the noninvasive imaging criteria defined
by the European Association for the Study of the Liver
(EASL) – European Organisation for Research and Treat-
ment of Cancer (EORTC) guidelines [2]. In one patient
who did not fulfil the noninvasive imaging criteria, the dia-
gnosis was made by use of US-guided needle biopsy and
histology (table 1). Biopsies were performed in six of the
nine patients with HCC, and confirmed the diagnosis in all
of them. In the remaining three patients, a biopsy was not

performed because of subcapsular localisation of the focal
lesion. These three patients were treated with laparoscop-
ic atypical resection (“surgical biopsy”) in two, and liver
transplantation in one patient. In all cases, HCC was con-
firmed by histopathology in the resected specimen or the
explanted liver.

Impact of elevated alpha-foetoprotein levels on patient
management
AFP measurements were not an integral part of the sur-
veillance programme. Therefore, we cannot address the
question as to whether AFP measurements improved de-
tection rates of HCCs in our programme. However, since
AFP measurements were nevertheless ordered in 69.3%
of all surveillance US examinations (482 of 696) by the
US examiner, we wanted to investigate if AFP measure-
ments caused additional unnecessary further examinations.
In total, AFP was increased in 68 patients (23.9%). The
value was between upper limit of normal (5.8 ng/ml) and
50 ng/ml in 60 patients, between 50 ng/ml and 400 ng/ml
in 8 patients, and never above 400 ng/ml. Increased AFP
values did not lead to further examinations in the absence
of a focal lesion detected by US. In patients with focal le-
sions on US suspicious of HCC, increased AFP values did
not change the diagnostic pathway. Likewise, in patients
with nonconclusive US examinations, AFP values did not
influence the time-point or the choice of additional exam-
inations such as CT or MRI.

Internal surveillance versus external surveillance
versus no surveillance
In the years 2011 and 2012, a total of 51 newly diagnosed
HCCs were seen in the Clinic for Gastroenterology and
Hepatology of the University Hospital Basel. As described
above, nine of them were detected in the context of the in-
stitutional HCC surveillance programme. The other 42 pa-
tients were referred from other hospitals or practitioners.
Seven of them had regular HCC screening US examina-
tions, and were therefore also detected in screening pro-
grammes. The other 35 patients were not screened. Table
2 summarises patient characteristics of these three different
groups of HCC patients.
As expected, HCCs detected in a screening programme
were at an earlier stage. Of the nine patients detected in
the University Hospital Basel surveillance cohort, two had
BCLC stage 0 and seven had BCLC stage A. Of the seven
externally screened patients, one was at BCLC 0, two were
at BCLC A, and four at BCLC stage B. Eighteen of the 35
nonsurveyed patients also had early stage HCC and were at
BCLC 0 or A, but the remaining patients were at BCLC B
(nine), BCLC C (three) or BCLC D (five) (fig. 4A).
As a consequence of the frequently advanced stage in non-
surveyed patients, only 12 of the 35 patients in this group
were treated with curative intent (one liver transplant, sev-
en resections, four RFA). In contrast, all patients from the
University Hospital Basel surveillance cohort had curat-
ive treatments (two liver transplants, five resections and
two RFA). Treatment of externally screened patients was
once with liver transplantation, one resection and five with
transarterial chemoembolisation (fig. 4B).
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Discussion

In this HCC surveillance programme of a clinic for
Gastroenterology and Hepatology of a University Hospital
in Switzerland the yearly HCC detection rate was 1.6%.
The number needed to screen was 32 patients or 78 sur-
veillance US examinations. All of the patients from the sur-
veillance cohort could undergo curative treatment. The es-
timated costs per detected HCC were CHF 29 701 in this
surveillance programme. We conclude that HCC surveil-
lance is highly effective in detecting HCCs in the early
stages and that the costs are reasonably low.
None of the patients in the surveillance programme was
physically harmed. There were several additional exam-
inations performed to clarify further US findings. For in-
stance, 32 CT scans, 7 MRI scans, 4 CEUS examinations
and 1 liver biopsy were done because of suspicious lesions

Figure 4

(A) Barcelona Clinic Liver Cancer (BCLC) staging of internal
surveillance (dark blue), external surveillance (blue), no
surveillance (light blue). Stages 0 and A are considered as very
early and early stages. BCLC stage A patients were subdivided in
those within the Milan criteria, and those with tumours outside the
Milan criteria.
(B) Applied treatments for HCCs detected in internal surveillance
(dark blue), external surveillance (blue), or in patients without
surveillance (light blue).
HCC = hepatocellular cancer; RFA = radiofrequency ablation; SIRT
= selective internal radiotherapy; TACE = transarterial
chemoembolisation

detected with US or because the quality of the US exam-
ination was insufficient to rule out a focal lesion. None of
these additional examinations resulted in the detection of
an HCC, and can therefore be considered as “unnecessary”.
The total estimated costs of these examinations were CHF
24 778. More subjective adverse effects of these additional
examinations such as patient anxiety and emotional stress
were not assessed in our study. This is a largely neglec-
ted aspect of HCC surveillance, which should be addressed
with a carefully designed prospective study using validated
questionnaires such as the Hospital Anxiety and Depres-
sion Scale (HADS) [10].
The present study has several limitations. First, mortality
was not assessed, and the study therefore cannot contribute
to the on-going controversy about whether HCC surveil-
lance programmes are effectively reducing HCC-related
mortality in patients at risk for HCC. Second, the study was
retrospective and not randomised. The control group con-
sisted of 35 patients referred to the Clinic for Gastroenter-
ology and Hepatology who were not in an HCC surveil-
lance programme. We cannot exclude other factors beside
the HCC screening intervention that significantly influen-
ced the HCC stage at diagnosis. For instance, only 77% of
the nonsurveyed patients with HCCs had cirrhosis, where-
as all nine patients from the internal surveillance cohort
were cirrhotic. However, the fact that nine patients from
the surveillance cohort could undergo curative treatments
strongly suggests a real advantage for patients undergoing
HCC surveillance. Third, the study was not designed to
compare the efficiency of HCC surveillance in a referral
centre (University Hospital) versus surveillance in private
practice or peripheral hospitals. Therefore, we cannot ex-
plain the differences in HCC stages and treatment modal-
ities between patients from these two surveillance settings.
Forth, the cost estimates are based on the sum of all costs
generated directly (US surveillance) and indirectly (follow-
up examinations) during the 2-year study period divided
by the number of patients in the cohort. This calculation
underestimates the costs per patients in a surveillance pro-
gramme, because 49% of the patients entered our cohort
during the study period and had fewer than four US exam-
inations and consequently fewer follow-up examinations.
Therefore, the calculated costs are a lower estimate of the
real costs of an HCC surveillance programme in Switzer-
land.
Despite these limitations, our study provides strong eviden-
ce that HCC surveillance performs very favourably in real-
life and at reasonably low costs. The study results support

Table 2: Patient characteristics (age, sex, cirrhosis and underlying liver disease) of internally surveyed, externally surveyed and not surveyed HCC patients.

Patient characteristics
HCC patients

Age in years (median and
range)

Sex Cirrhosis Underlying liver disease

Internal surveillance
n = 9

58.4 (50–74) 78% male 100% 11% HCV (1), 33% HCV + ASH (3), 33% ASH (3), 11% HBV +
ASH (1), 11% HBV (1)

External surveillance
n = 7

64.7 (24–78) 86% male 86% 43% HCV (3), 43% ASH (3), 14% HBV (1)

No surveillance
n = 35

68.1 (45–87) 80% male 77% 20% HCV (7), 11% HCV + ASH (4), 34% ASH (12), 9% HBV +
ASH (3), 3% HBV (1), 11% NASH (4), 3% PBC (1) and 9% no liver
disease (3)

All HCC patients
n = 51

65.9 (24–87) 80% male 82% 22% HCV (11), 14% HCV + ASH (7), 35% ASH (18), 8% HBV +
ASH (4), 6% HBV (3), 8% NASH (4), 2% PBC (1), 6% no liver
disease (3)
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the current recommendations from the AASLD guidelines
[2, 3], the EASL-EORTC guidelines [2] and the Asian
Pacific Association for the Study of the Liver (APASL)
guidelines [4] that all recommend US surveillance for pa-
tients at risk of HCC.
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Figures (large format)

Figure 1

Frequency of underlying liver disease of the patients included in the surveillance cohort.
ASH = alcoholic steatohepatitis; HBV = chronic hepatitis B; HCV = chronic hepatitis C; NASH = nonalcoholic steatohepatitis.
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Figure 2

Diagnostic work-up and results in the 285 patients surveyed at the University Hospital Basel in the years 2011 and 2012.
CT = computed tomography; HCC = hepatocellular cancer; MRI = magnetic resonance imaging
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Figure 3

Number and combination of the examinations carried out in order to evaluate a suspicious lesion detected by surveillance ultrasound. Numbers
in parenthesis show the total examination number for the different modalities. Regular numbers show the number of patients with any given
combination of examinations. The red boxes highlight the examinations used in patients diagnosed with HCC.
CT = computed tomography;; CEUS = contrast enhanced ultrasound; HCC = hepatocellular cancer; MRI = magnetic resonance imaging

Original article Swiss Med Wkly. 2015;145:w14200

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 9 of 10



Figure 4

(A) Barcelona Clinic Liver Cancer (BCLC) staging of internal surveillance (dark blue), external surveillance (blue), no surveillance (light blue).
Stages 0 and A are considered as very early and early stages. BCLC stage A patients were subdivided in those within the Milan criteria, and
those with tumours outside the Milan criteria.
(B) Applied treatments for HCCs detected in internal surveillance (dark blue), external surveillance (blue), or in patients without surveillance
(light blue).
HCC = hepatocellular cancer; RFA = radiofrequency ablation; SIRT = selective internal radiotherapy; TACE = transarterial chemoembolisation
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