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SUMMARY

Background—A majority of studies investigating the accuracy of ultrasound for detecting 

hepatocellular carcinoma (HCC) do not reflect how this test is used for surveillance vs. diagnosis.

Aim—To determine the performance characteristics of surveillance with ultrasound for the 

detection of HCC, particularly early HCC as defined by the Milan criteria.

Methods—A systematic literature review using the MEDLINE and SCOPUS databases yielded 

six studies that evaluated the accuracy of ultrasound for HCC at any stage and 13 studies that were 

specific to early HCC.

Results—Surveillance ultrasound detected the majority of tumours before they presented 

clinically, with a pooled sensitivity of 94%. However, ultrasound was less effective for detecting 

early HCC with a sensitivity of 63%. Alpha-fetoprotein provided no additional benefit to 

ultrasound. Meta-regression analysis demonstrated a significantly higher sensitivity for early HCC 

with ultrasound every 6 months than with annual surveillance. Current studies have limitations 

such as verification bias and are of suboptimal quality.

Conclusions—Surveillance with ultrasound demonstrates limited sensitivity for early HCC, 

although this may be improved by testing at 6-month intervals. Currently available evidence 

evaluating surveillance ultrasound has significant limitations and future studies are necessary to 

determine optimal surveillance methods for early HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common tumour worldwide, with an 

increasing incidence in Europe and the US.1–3 It is currently the third leading cause of 

cancer-related deaths worldwide, resulting in over 500 000 deaths/year.2–4 Cirrhosis, 

particularly when related to viral hepatitis, is the most notable risk factor for HCC and is 

found in nearly 80–90% of cases.1, 5 Despite advances in technology and available 

Correspondence to: Dr J. A. Marrero, Division of Gastroenterology, Department of Internal Medicine, University of Michigan, 3912 
Taubman Center, SPC 5362, Ann Arbor, MI 48109, USA. jmarrero@umich.edu. 

HHS Public Access
Author manuscript
Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.

Published in final edited form as:
Aliment Pharmacol Ther. 2009 July ; 30(1): 37–47. doi:10.1111/j.1365-2036.2009.04014.x.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



treatments, there has been little improvement in survival with a 5-year survival of 5% in 

1996 compared to 4% in 1985.6, 7

The stage of disease at the time of diagnosis largely determines the effectiveness of 

treatment. The treatment of advanced HCC continues to be primarily palliative, with curative 

options only available for early HCC. In patients with preserved hepatic function, no 

evidence of portal hypertension, and single asymptomatic tumours <5 cm in diameter, 

surgical resection has provided 5-year survival rates of 70%.8 Similarly, liver transplantation 

for tumours meeting the Milan criteria (one nodule <5 cm or three nodules each <3 cm in 

diameter) has a 5-year survival rate of nearly 74%.8–10 In patients with early-stage disease 

who are not amenable to resection or transplantation, radiofrequency ablation has 

demonstrated 5-year survival rates of 37%.8 These survival rates are in stark contrast to the 

average survival of <1 year reported for advanced HCC.11 Unfortunately, less than 30% of 

patients are diagnosed early enough to meet criteria for resection or transplantation.12

Surveillance strives to detect HCC at an early stage when it is amenable to curative therapy 

to reduce mortality.13 Currently, surveillance for HCC is widely accepted among high-risk 

populations, most notably patients with cirrhosis. Current guidelines from the American 

Association for the Study of Liver Disease (AASLD) and the European Association for the 

Study of the Liver recommend surveillance of cirrhotic patients with ultrasound with or 

without alpha-fetoprotein (AFP) every 6–12 months. Although these tests have been 

extensively studied for the purpose of diagnosis, 14, 15 the results of those studies do not 

reflect the performance of these tests in clinical practice. Few trials have prospectively 

evaluated the utility of ultrasound and AFP as a surveillance test. Given the lack of a 

randomized trial of HCC surveillance among patients with cirrhosis, a meta-analysis is 

needed to estimate more precisely the accuracy of ultrasound and AFP as surveillance tests 

for HCC. The aim of our study was to determine the pooled sensitivity, specificity and 

diagnostic odds ratio (OR) of ultrasound and AFP for the detection of HCC, particularly 

early HCC, during surveillance.

METHODS

Literature search

We searched the MEDLINE and SCOPUS databases from database inception through 1 July 

2007 with the following keyword combinations: hepatocellular carcinoma AND screening, 

hepatocellular carcinoma AND surveillance, hepatocellular carcinoma AND cirrhosis or 

hepatocellular carcinoma AND ultrasound. Manual searching of the reference lists from 

applicable studies was performed to identify any studies through 1 July 2007 that may have 

been missed by the electronic search.

Study selection

Two investigators (A.S. and R.S.) independently reviewed the publications titles identified 

by the search strategy. If the applicability of an article could not be determined by title or 

abstract alone, the full text was reviewed. The articles were independently checked for 
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possible inclusion and any disagreements were resolved through consensus with a third 

reviewer (M.V.).

Study inclusion and exclusion criteria

Studies were included for analysis if they (i) utilized ultrasound, with or without 

concomitant AFP, for HCC surveillance in cirrhotic patients; (ii) performed the tests 

prospectively in a series of patients and (iii) reported the number of discovered HCC, 

number of early HCC and number of missed lesions.

Prospective studies performed among a noncirrhotic cohort, such as patients with chronic 

hepatitis, were excluded from the meta-analysis. If the study cohort included both patients 

with cirrhosis and chronic hepatitis, only data regarding cirrhotic patients were included. 

Studies that evaluated surveillance techniques other than ultrasound, e.g. computed 

tomography (CT) scan or new biomarkers, were excluded. If multiple techniques were used 

for surveillance, only lesions discovered by ultrasound and/or AFP were recorded as true 

positives; HCC nodules seen only by other techniques were counted as missed lesions. 

Studies using sequential test combinations, such as ultrasound testing in patients based on 

AFP levels, were excluded; information bias from the initial study could have unpredictable 

effects on the ultrasound operating characteristics. Studies evaluating ultrasound for 

screening instead of surveillance were not included in the analysis. Screening was defined as 

the one-time application of the test to detect a previously undiagnosed lesion, whereas 

surveillance was defined as the repeated use of the test at a set interval over time. Studies 

that failed to detail the number of false-negative results, i.e. patients with missed lesions, 

were excluded given that lack of this information precluded sensitivity calculations. 

Additional exclusion criteria included non-English language, nonhuman data, lack of 

original data and incomplete reports including meeting abstracts. If duplicate publications 

used the same cohort of patients, the data from the most recent manuscript were included.

Data extraction

Two reviewers (A.S. and R.S.) independently reviewed and extracted the required 

information from eligible studies using standardized forms. A third investigator (M.V.) was 

available to resolve any discrepancies between the two sets of extracted data. The data 

extraction form included the following study design items: geographical location and date of 

study, characteristics and size of study cohort, inclusion and exclusion criteria, surveillance 

methods, surveillance interval, duration of follow-up and ‘gold-standard’ methods for 

confirmation of HCC. In addition, the extraction form recorded the following primary data: 

number of HCC discovered during surveillance (true positives), number of false positives, 

number of missed lesions (false negatives) and number of true negatives. The method of 

tumour detection, i.e. ultrasound or AFP, was recorded for each tumour. We recorded the 

proportion of HCCs discovered at an early stage as defined by Milan criteria: one nodule <5 

cm or three nodules each <3 cm in diameter, without gross vascular invasion. Some studies 

were excluded if they otherwise defined early-stage disease (e.g. unifocal lesion <3 cm) and 

there were insufficient data to determine the number of patients meeting Milan criteria.
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Two independent reviewers (A.S. and R.S.) assessed the study quality by a modified 

checklist based upon the Quality Assessment Tool for Diagnostic Accuracy (QUADAS) 

guidelines16 with discrepancies resolved by a consensus reviewer (M.V.).

Statistical analysis

The first aim of this study was to determine the sensitivity and specificity of surveillance 

ultrasound to detect HCC at any stage. The second aim was to determine the sensitivity of 

surveillance ultrasound to detect early HCC and if there is any additional benefit of 

concurrently checking AFP. For each individual study, per-patient sensitivity, per-patient 

specificity and diagnostic ORs with 95% confidence intervals were calculated. Pooled 

estimates of each calculation were then computed using STATA 10 (StataCorp, College 

Station, TX, USA). Estimates of effect were pooled using the DerSimonian and Laird 

method for a random effects model.

The heterogeneity of diagnostic test parameters was initially evaluated graphically by 

examination of forest plots and then statistically by the chi-squared test of heterogeneity and 

the inconsistency index (I2). A chi-squared P-value <0.05 or I2 values >50% are consistent 

with the possibility of substantial heterogeneity. 17, 18 Sensitivity analysis, in which one 

study is removed at a time from the model, was performed to determine if there was possible 

undue influence of a single study.19 Among the studies assessing surveillance for early 

HCC, publication bias was initially evaluated graphically by funnel plot analysis and then 

statistically using Begg’s test.20 A symmetric funnel plot would help rule out the possibility 

of small studies that were not published due to unfavourable results. A summary receiver 

operator characteristics curve (SROC curve) was constructed to illustrate the distribution of 

sensitivities and specificities.21–23 The area under the curve (AUC) was computed, with 

perfect tests having an AUC of 1 and poor tests having an AUC close to 0.5.24

Subset analysis was planned for the detection of early HCC for predefined subsets of studies 

based on (i) use of concurrent surveillance tests; (ii) length of surveillance interval; (iii) 

location of study; (iv) date of study; (v) percentage of viral hepatitis patients; (vi) percentage 

of Child’s A cirrhotics; (vii) incidence of HCC and (vii) length of follow-up. Meta-

regression, using the Knapp–Hartung method for variance estimation, 25 was performed to 

investigate possible sources of heterogeneity in sensitivity measures across the studies. 

Models were then refitted using a Monte-Carlo permutation test with 10 000 replications and 

extended to assess multiplicity.26

RESULTS

Studies

Upon review of the 8826 titles identified by the search strategies, 192 abstracts were further 

examined. Sixty-three publications underwent full-text review to determine their eligibility 

for the meta-analysis and 48 were excluded. Thirteen studies were excluded because they 

did not use ultrasound, two articles used ultrasound but not as a surveillance tool, 10 studies 

were not conducted among patients with cirrhosis, nine studies were retrospective, eight 

studies were excluded for lack of original data and eight studies had insufficient data for 
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extraction. The remaining 13 studies were selected after meeting all applicable inclusion 

criteria (Figure 1). Six studies detailed the number of false-positive and false-negative 

lesions and were selected for the first part of the analysis in which the sensitivity and 

specificity of ultrasound to detect HCC at any stage were assessed (Table 1). All 13 studies 

were used in the second part of the analysis in which the sensitivity of ultrasound with and 

without AFP to detect early HCC was assessed (Table 2). Only six of the 13 studies reported 

false positives for the detection of early HCC, thus limiting accurate evaluation of specificity 

with regard to early HCC. There was excellent agreement between the two reviewers for 

both parts of the analysis (κ = 1.0).

Ultrasound for detecting HCC at any stage

Six studies detailed the number of false-positive and false-negative lesions and were selected 

for the first part of the analysis in which the sensitivity and specificity of ultrasound to detect 

HCC at any stage were assessed. The included studies had significant heterogeneity (χ2 = 

12.8, P = 0.02, I2 = 60.8%) and hence meta-analysis was not initially possible. Inspection of 

forest plots suggested that the Caturelli study27 was an important outlier. The calculated OR 

(=38 239) from this study was significantly higher than that of other included studies and is 

inconsistent with what is seen in clinical practice. This could have been related in part to the 

higher rate of HCC in this study population, suggesting that the study population is different 

from that in the other studies. We performed sensitivity analysis and found that omission of 

the Caturelli study had a large effect on the overall estimate of the relative risk. After 

omission of this study, there was significant reduction in the heterogeneity (χ2 = 5.8, P = 

0.22, I2 = 30.9%).

Repeat analysis after exclusion of the Caturelli study demonstrated a pooled sensitivity of 

94% (95% CI: 83–98), a pooled specificity of 94% (95% CI: 89–97) and a pooled diagnostic 

OR of 232.7 (95% CI: 105.9– 511.2) (Table 3, Figure 2). Using these pooled estimates for 

sensitivity and specificity, 82.1% of patients with a positive ultrasound would have HCC. 

Sensitivity analysis with the remaining five studies did not show any significant change in 

the relative risk with removal of any other studies. There did not appear to be any 

publication bias by Beggs test (P = 0.71) or funnel plot analysis. SROC analysis 

demonstrated an AUC of 0.98 (95% CI: 0.96–0.99) suggesting high diagnostic accuracy 

(Figure 2).

Ultrasound for detecting early HCC

All 13 studies were used in the second part of the analysis in which the sensitivity of 

ultrasound with and without AFP to detect early HCC was assessed. Only six of the 13 

studies reported false positives for the detection of early HCC, thus limiting accurate 

evaluation of specificity with regard to early HCC. The 13 studies evaluating early HCC had 

a significant degree of heterogeneity (χ2 = 195.8, P < 0.001, I2 = 94%). Inspection of the 

forest plots confirmed a large variation in pooled estimates with six studies27–32 having ORs 

>300 (Figure 3). Sensitivity analysis suggested that the studies by Caturelli and Sangiovanni 

were important outliers with large effects on the overall estimate of the OR. Omission of the 

Caturelli study resulted in substantial improvement in the heterogeneity (χ2 = 84.6, P < 

0.001, I2 = 87%). The OR (=3849) from the Caturelli study was significantly higher than 
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that of other included studies, suggesting marked differences in the underlying patient 

population. Although repeat sensitivity analysis suggested that the two studies by 

Sangiovanni continued to be outliers, omission of these studies did not result in significant 

improvement in the degree of heterogeneity (χ2 = 42.4, P < 0.001, I2 = 79%) so they were 

not excluded. After exclusion of the Caturelli study, repeat analysis demonstrated a pooled 

sensitivity of 63% (95% CI: 49–76) (Figure 3, Table 4). Although the study by Oka et al.31 

was the only study to include prevalent tumours, i.e. HCC diagnosed within the first 6 

months, this study was not an outlier on sensitivity analysis or inspection of forest plots. The 

relatively small number of prevalent HCC (n = 2) in this study was unlikely to have a large 

statistical impact and this study was not excluded. There did not appear to be any publication 

bias by Begg’s test (P = 0.75) or funnel plot analysis.

Possible causes for heterogeneity in the sensitivity of ultrasound for the detection of early 

HCC were then evaluated by meta-regression. The use of concurrent tests, e.g. CT scan, 

accounted for a significant degree of variation in sensitivity across the included studies (P = 

0.002). The pooled sensitivity for the two studies with concurrent tests33, 34 was 33.3% 

(95% CI: 7.7– 58.9), while the pooled sensitivity for studies without concurrent tests was 

64.3% (95% CI: 52.2–76.5). Differences in the interval between surveillance examinations 

also explained heterogeneity in sensitivity between studies (P = 0.001). Studies with 

surveillance intervals of <6 months had a pooled sensitivity of 70.1% (95% CI: 55.6–84.6), 

while the studies with surveillance intervals between 6 and 12 months had a pooled 

sensitivity of 50.1% (95% CI: 40.0–59.2) (Figure 4). Both the use of concurrent tests and 

length of surveillance interval remained statistically significant after testing for multiplicity 

using a Monte-Carlo permutation test with 10 000 replications. The proportion of patients 

with Child’s A cirrhosis (P = 0.44) and duration of follow-up from enrolment (P = 0.26) 

were not statistically significant causes of heterogeneity. There was no significant difference 

in the sensitivity of ultrasound between studies conducted in Europe and those conducted in 

Asian countries (P = 0.98). Similarly, there were no differences between studies conducted 

before and after 1992 (P = 0.91), suggesting that advances in technology did not play a 

major role.

AFP and ultrasound for detecting early HCC

Finally, we explored the additional benefit of AFP in conjunction with ultrasound for the 

detection of early HCC and found that the pooled sensitivity increased to 69% (95% CI: 53–

81%; P = 0.65). The forest plot of the sensitivity of ultrasound and AFP for detecting early 

HCC is shown in Figure 3. A wide range of AFP cut-offs (15–400 ng/mL) were used to 

diagnose HCC in the included studies, although the cut-off level did not appear to affect the 

utility of AFP (P = 0.95).

Quality assessment

Using the QUADAS16 checklist for methodological quality, we found that 12 of the 13 

included studies were limited by verification bias. Only Kobayashi et al.33 had reference 

tests, CT scan and infusion hepatic angiography in every patient regardless of ultrasound 

results. Additionally, none of the studies followed patients for an additional period of time to 

confirm that patients without HCC at the end of the study did not have undetected tumours. 
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In each of the other 12 studies, no additional tests were performed in all cirrhotic patients to 

confirm the absence of HCC. Kobayashi was also the only study in which reviewers of the 

reference standard were clearly blinded to results of the index ultrasound. The other 12 

studies relied primarily on ultrasound-guided biopsy to confirm the diagnosis of HCC.

DISCUSSION

Our study is the first meta-analysis to evaluate ultrasound with or without AFP as a 

surveillance tool for early HCC in cirrhotic patients. We demonstrated that surveillance 

programmes with ultrasound are highly accurate for HCC at any stage, with a pooled 

sensitivity of 94% and a pooled specificity of 94%. However, the detection of early HCC is 

of greater importance for surveillance to be successful. Our study demonstrated that 

ultrasound only has a pooled sensitivity of 63% for those with early HCC. Meta-regression 

analysis demonstrated a significantly higher sensitivity for early HCC with an ultrasound 

every 6 months than with annual surveillance (P = 0.001).

Although a systematic review has been previously performed on the efficacy of ultrasound 

for the diagnosis of HCC,15 there are several significant differences from our meta-analysis. 

First, we only included studies that used ultrasound as a surveillance tool in a prospective 

manner, whereas previous studies assessed ultrasound as a one-time diagnostic tool. This is 

an important distinction given that ultrasound is most commonly used as a surveillance tool 

in clinical practice. Second, our analysis specifically evaluated the sensitivity of ultrasound 

for early HCC. Once again, this is clinically relevant as curative measures are only available 

for early HCC, making detection of tumours at this stage essential during surveillance.

As commonly discovered in meta-analyses of diagnostic tests,35 we found a moderate 

degree of heterogeneity for the sensitivity of surveillance ultrasound to detect HCC. This 

heterogeneity can be related to variability in diagnostic thresholds, study populations, test 

equipment or methods, study quality or a combination of these factors.36 We were unable to 

explore some possible aetiologies for heterogeneity including differences in body habitus, 

operator skill or experience and inter-operator reliability due to limited available 

information. In our meta-analysis, we found the use of concurrent tests with ultrasound was 

able to explain a significant degree of heterogeneity in the pooled sensitivity estimate for 

early HCC. The pooled sensitivity for the two studies with concomitant tests was 33.3%, 

which was significantly lower than the sensitivity of 64.3% in the studies without concurrent 

tests (P = 0.002). In these latter studies, it is likely that some tumours were never detected by 

ultrasound and AFP during the follow-up period. Therefore, these reported sensitivities may 

be falsely high and our pooled sensitivity of 63% for early HCC may overestimate 

ultrasound’s true performance characteristics during surveillance.

There has been considerable debate regarding the additional benefit of AFP to ultrasound 

during surveillance as well as the optimal surveillance interval.37 We demonstrated that the 

addition of AFP to ultrasound does not substantially improve the sensitivity of surveillance 

for early HCC, independent of the cut-off level used. Although the pooled sensitivity for 

early HCC minimally increased from 63% to 69%, this was not statistically significant (P = 

0.65). This finding is consistent with the AASLD practice guidelines, which suggest that 
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AFP is not an adequate screening test, but has a role in the diagnosis of HCC when >200 

ng/mL in the setting of a mass on imaging.38

Conversely, variation in surveillance intervals resulted in significant differences in sensitivity 

for early HCC. The pooled sensitivity of the studies with surveillance at least every 6 months 

had a pooled sensitivity of 70.1%, which was significantly better than the sensitivity of 

50.1% in studies performing surveillance on an annual basis (P = 0.001). Our meta-analysis 

suggests that surveillance with an ultrasound every 6 months is currently the best interval for 

detecting early HCC among patients with cirrhosis.

While some studies have proposed that CT or magnetic resonance imaging may be more 

sensitive as alternative imaging studies for the detection of HCC, they have not been 

adequately studied as surveillance tests or with regard to early HCC.15 Additionally, the 

increased cost and potential adverse effects such as radiation exposure limit their utility in 

surveillance.39 There have been promising tumour biomarkers, including des-gamma 

carboxy-prothrombin and the lens culinaris-agglutinin reactive fraction of AFP (APFL3%), 

but there is insufficient evidence for their use in clinical practice.40, 41 Overall, more studies 

are needed to find novel surveillance tests to improve the detection of HCC at stages where 

curative interventions can be applied.

Although the included studies are the best data currently available, the primary limitations of 

our meta-analysis are the biases observed in these studies. On quality assessment, 

verification bias was a significant concern in all but one study. Only Kobayashi et al.33 

performed concurrent imaging that can serve as a reference standard in all patients, whereas 

all other studies performed a ‘gold standard’ reference test only in patients with a positive 

ultrasound or AFP. Similarly, none of the studies followed patients for an additional period 

of time to confirm that patients without HCC at the end of the study did not have any 

undetected tumours. In these studies, the calculated sensitivity for ultrasound may have been 

subsequently falsely elevated. These limitations are important and suggest that the sensitivity 

of ultrasound for early HCC is 63% at best and may in fact be significantly worse.

Other than the biases of the individual studies, another limitation of our meta-analysis is that 

we only evaluated surveillance in patients with cirrhosis and our results may not be 

generalizable to other populations undergoing HCC surveillance, such as patients with 

hepatitis B. Additionally, most of the studies were conducted in experienced liver centres in 

Europe and Asia; the performance of ultrasound may be worse in an American cohort in 

which obesity can further limit its sensitivity and many ultrasounds are performed outside 

high-volume medical centres by technicians instead of radiologists. Finally, our meta-

analysis only evaluated the efficacy of ultrasound to detect early HCC given the lack of 

prospective trials evaluating the effect of surveillance on outcomes such as overall survival. 

Despite these limitations, this was the first meta-analysis evaluating ultrasound and AFP as 

surveillance tools for early-stage HCC, rather than single-application diagnostic tests. More 

importantly, this is the first compilation of studies specifically evaluating the efficacy of 

surveillance to detect early HCC.
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In summary, ultrasound demonstrates a limited sensitivity of 63% but is currently the best 

surveillance tool for early-stage HCC among patients with cirrhosis. The addition of AFP to 

ultrasound is of minimal benefit, whereas performing ultrasound every 6 months instead of 

annually significantly improves sensitivity for early HCC to 70%. Unfortunately, existing 

studies suffer from significant limitations that include verification bias, unknown efficacy of 

ultrasonography in less-experienced centres and questionable generalizability of these 

results to American patients with cirrhosis. Further studies should be performed to overcome 

these limitations as well as determine if the addition of novel biomarkers can help improve 

the detection of early HCC.
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Figure 1. 
Map of the literature search and selection process. HCC, hepatocellular carcinoma; AFP, 

alpha-fetoprotein.
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Figure 2. 
Performance characteristics of ultrasound for the detection of hepatocellular carcinoma 

(HCC) at any stage: (a) forest plot for the sensitivity of ultrasound to detect HCC at any 

stage; (b) forest plot for the specificity of ultrasound to detect HCC at any stage; (c) forest 

plot for the odds ratio of ultrasound to detect HCC at any stage; (d) summary receiver 

operator curve plot for the detection of HCC at any stage by ultrasound. Q, chi-squared test 

of heterogeneity; I2, inconsistency index; AUC, area under the curve.
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Figure 3. 
Sensitivity of ultrasound with and without afp for the detection of early-stage hepatocellular 

carcinoma (HCC): (a) forest plot for the sensitivity of ultrasound to detect early HCC; (b) 

forest plot for the sensitivity of ultrasound with AFP to detect early HCC. Q, chi-squared 

test of heterogeneity; I2, inconsistency index.
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Figure 4. 
Meta-regression using surveillance intervals for the sensitivity of ultrasound to detect early 

hepatocellular carcinoma (HCC). Studies with surveillance at least every 6 months had a 

significantly higher sensitivity for early-stage HCC than studies performing surveillance on 

an annual basis (P = 0.001).

SINGAL et al. Page 15

Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

SINGAL et al. Page 16

Ta
b

le
 1

St
ud

ie
s 

ev
al

ua
tin

g 
ul

tr
as

ou
nd

 f
or

 th
e 

de
te

ct
io

n 
of

 h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a 
at

 a
ny

 s
ta

ge

F
ir

st
 a

ut
ho

r 
an

d 
st

ud
y

C
ou

nt
ry

N
o.

 p
ts

In
ci

de
nc

e 
of

 H
C

C
 (

%
)

M
ea

n 
fo

llo
w

-u
p 

(m
on

th
s)

Su
rv

ei
lla

nc
e 

in
te

rv
al

 (
m

on
th

s)
H

C
C

 c
ri

te
ri

a

K
ob

ay
as

hi
33

Ja
pa

n
95

8.
4

50
.4

2–
3

H
is

to
lo

gy
 o

r 
an

gi
og

ra
ph

y

Pa
te

ro
n34

Fr
an

ce
11

8
11

.9
35

.8
6

H
is

to
lo

gy
 o

r 
C

T

B
ol

on
di

42
It

al
y

31
3

19
.5

56
6

H
is

to
lo

gy
 o

r 
C

T

C
at

ur
el

li27
It

al
y

18
27

14
.7

43
.1

4
H

is
to

lo
gy

 o
r 

A
FP

 >
20

0 
w

ith
 m

as
s 

on
 im

ag
in

g

Sa
ng

io
va

nn
i43

It
al

y
41

7
26

.8
14

8
6–

12
H

is
to

lo
gy

, C
T

 o
r 

an
gi

og
ra

ph
y

Sa
ng

io
va

nn
i44

It
al

y
21

4
31

.8
11

4
6–

12
H

is
to

lo
gy

 o
r 

A
FP

 >
20

0 
w

ith
 m

as
s 

on
 im

ag
in

g

Pt
s,

 p
at

ie
nt

s;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 A

FP
, a

lp
ha

-f
et

op
ro

te
in

.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

SINGAL et al. Page 17

Ta
b

le
 2

St
ud

ie
s 

ev
al

ua
tin

g 
ul

tr
as

ou
nd

 f
or

 th
e 

de
te

ct
io

n 
of

 e
ar

ly
 h

ep
at

oc
el

lu
la

r 
ca

rc
in

om
a

F
ir

st
 a

ut
ho

r 
an

d 
st

ud
y

C
ou

nt
ry

N
o.

 p
ts

In
ci

de
nc

e 
of

 e
ar

ly
 H

C
C

 
(%

)
M

ea
n 

fo
llo

w
-u

p 
(m

on
th

s)
Su

rv
ei

lla
nc

e 
in

te
rv

al
 (

m
on

th
s)

C
ri

te
ri

a 
us

ed
 t

o 
es

ta
bl

is
h 

di
ag

no
si

s 
of

 H
C

C

K
ob

ay
as

hi
33

Ja
pa

n
95

4.
2

50
.4

2–
3

H
is

to
lo

gy
 o

r 
an

gi
og

ra
ph

y

A
rr

ig
on

i28
It

al
y

16
4

6.
7

32
.5

4–
12

H
is

to
lo

gy
 o

r 
ar

te
ri

og
ra

ph
y

O
ka

31
Ja

pa
n

14
0

19
.2

41
.1

2–
3

C
T

 o
r 

ar
te

ri
og

ra
ph

y

Pa
te

ro
n34

Fr
an

ce
11

8
2.

5
36

6
H

is
to

lo
gy

 o
r 

C
T

C
ot

to
ne

29
It

al
y

14
7

17
.7

24
6

H
is

to
lo

gy

Z
ol

i32
It

al
y

16
4

18
.9

7–
77

3–
6

B
io

ps
y 

or
 C

T

T
ra

da
ti45

It
al

y
40

5
48

12
H

is
to

lo
gy

 o
r 

A
FP

 >
40

0 
w

ith
 m

as
s 

on
 im

ag
in

g

H
en

ri
on

30
B

el
gi

um
94

4.
3

34
3–

6
H

is
to

lo
gy

, C
T

 o
r 

M
R

I

B
ol

on
di

42
It

al
y

31
3

16
56

6
H

is
to

lo
gy

 o
r 

C
T

C
at

ur
el

li27
It

al
y

15
99

16
.5

43
.1

4
H

is
to

lo
gy

 o
r 

A
FP

 >
20

0 
w

ith
 m

as
s 

on
 im

ag
in

g

Sa
nt

ag
os

tin
o46

It
al

y
66

3
72

6–
12

H
is

to
lo

gy
, A

FP
 >

 4
00

 w
ith

 m
as

s 
on

 u
ltr

as
ou

nd
, C

T
 o

r 
M

R
I

Sa
ng

io
va

nn
i43

It
al

y
41

7
13

.2
14

8
6–

12
H

is
to

lo
gy

, C
T

 o
r 

an
gi

og
ra

ph
y

Sa
ng

io
va

nn
i44

It
al

y
21

4
15

.9
11

4
6–

12
H

is
to

lo
gy

 o
r 

A
FP

 >
20

0 
w

ith
 m

as
s 

on
 im

ag
in

g

Pt
s,

 p
at

ie
nt

s;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 A

FP
, a

lp
ha

-f
et

op
ro

te
in

; C
T,

 c
om

pu
te

d 
to

m
og

ra
ph

y;
 M

R
I,

 m
ag

ne
tic

 r
es

on
an

ce
 im

ag
in

g.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

SINGAL et al. Page 18

Ta
b

le
 3

Pe
rf

or
m

an
ce

 c
ha

ra
ct

er
is

tic
s 

of
 u

ltr
as

ou
nd

 f
or

 th
e 

de
te

ct
io

n 
of

 h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a 
at

 a
ny

 s
ta

ge

F
ir

st
 a

ut
ho

r 
an

d 
st

ud
y

N
o.

 p
ts

N
o.

 H
C

C
Se

ns
it

iv
it

y 
(9

5%
 C

I)
Sp

ec
if

ic
it

y 
(9

5%
 C

I)
O

dd
s 

ra
ti

o 
(9

5%
 C

I)

K
ob

ay
as

hi
33

95
8

0.
75

 (
0.

35
–0

.9
7)

0.
98

 (
0.

92
–1

.0
)

12
8 

(1
5–

10
00

)

Pa
te

ro
n34

11
8

14
0.

79
 (

0.
49

–0
.9

5)
0.

96
 (

0.
90

–0
.9

9)
91

 (
18

–4
63

)

B
ol

on
di

42
31

3
61

0.
93

 (
0.

84
–0

.9
8)

0.
95

 (
0.

91
–0

.9
7)

26
2 

(8
2–

83
3)

C
at

ur
el

li27
15

99
26

9
1.

0 
(0

.9
9–

1.
0)

0.
99

 (
0.

98
–0

.9
9)

38
 2

40
†

Sa
ng

io
va

nn
i43

41
7

11
2

0.
98

 (
0.

94
–1

.0
)

0.
85

 (
0.

81
–0

.8
9)

31
7 

(7
6–

10
00

)

Sa
ng

io
va

nn
i44

21
4

68
0.

99
 (

0.
92

–1
.0

)
0.

90
 (

0.
84

–0
.9

5)
63

2 
(8

1–
10

00
)

Po
ol

ed
 e

st
im

at
es

27
15

41
2

0.
95

 (
0.

89
–.

98
)

0.
91

 (
0.

76
–0

.9
7)

19
1.

6 
(8

9.
2–

41
1.

8)

Po
ol

ed
 e

st
im

at
es

*
11

16
14

3
0.

94
 (

0.
83

–.
98

)
0.

94
 (

0.
89

–0
.9

7)
23

2.
7 

(1
05

.9
–5

11
.2

)

Pt
s,

 p
at

ie
nt

s;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 A

FP
, a

lp
ha

-f
et

op
ro

te
in

.

* Po
ol

ed
 e

st
im

at
es

 a
ft

er
 e

xc
lu

si
on

 o
f 

ou
tli

er
 s

tu
di

es
 (

C
at

ur
el

li 
et

 a
l.2

7 )
.

† C
on

fi
de

nc
e 

in
te

rv
al

 c
ou

ld
 n

ot
 b

e 
de

te
rm

in
ed

 g
iv

en
 h

ig
h 

up
pe

r 
lim

it.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

SINGAL et al. Page 19

Ta
b

le
 4

Se
ns

iti
vi

ty
 o

f 
ul

tr
as

ou
nd

 w
ith

 o
r 

w
ith

ou
t a

lp
ha

-f
et

op
ro

te
in

 f
or

 th
e 

de
te

ct
io

n 
of

 e
ar

ly
-s

ta
ge

 H
C

C

F
ir

st
 a

ut
ho

r 
an

d 
st

ud
y

N
o.

 p
ts

N
o.

 H
C

C
N

o.
 e

ar
ly

 H
C

C
U

lt
ra

so
un

d 
se

ns
it

iv
it

y 
(9

5%
 C

I)
U

lt
ra

so
un

d 
w

it
h 

A
F

P
 s

en
si

ti
vi

ty
 (

95
%

 C
I)

K
ob

ay
as

hi
33

95
8

6
0.

5 
(0

.1
6–

0.
84

)
0.

50
 (

0.
16

–0
.8

4)

A
rr

ig
on

i28
16

4
16

12
0.

69
 (

0.
41

–0
.8

9)
0.

75
 (

0.
48

–0
.9

3)

O
ka

31
14

0
40

33
0.

68
 (

0.
51

–0
.8

1)
0.

8 
(0

.6
4–

0.
91

)

Pa
te

ro
n34

11
8

14
5

0.
23

 (
0.

05
–0

.5
4)

0.
38

 (
0.

14
–0

.6
8)

C
ot

to
ne

29
14

7
5

4
0.

87
 (

0.
69

–0
.9

6)
0.

87
 (

0.
69

–0
.9

6)

Z
ol

i32
16

4
34

32
0.

91
 (

0.
76

–0
.9

8)
0.

91
 (

0.
76

–0
.9

8)

T
ra

da
ti45

40
6

2
0.

33
 (

0.
04

–0
.7

8)
0.

33
 (

0.
04

–0
.7

8)

H
en

ri
on

30
94

6
6

0.
67

 (
0.

22
–0

.9
6)

1.
0 

(0
.5

4–
1.

0)

B
ol

on
di

42
31

3
61

50
0.

82
 (

0.
70

–0
.9

1)
0.

82
 (

0.
70

–0
.9

1)

C
at

ur
el

li27
15

99
26

9
26

4
0.

98
 (

0.
96

–0
.9

9)
0.

99
 (

0.
96

–0
.9

9)

Sa
nt

ag
os

tin
o46

66
8

2
0.

25
 (

0.
03

–0
.6

5)
0.

25
 (

0.
03

–0
.6

5)

Sa
ng

io
va

nn
i43

41
7

11
2

55
0.

50
 (

0.
41

–0
.6

0)
0.

50
 (

0.
41

–0
.6

0)

Sa
ng

io
va

nn
i44

21
4

68
34

0.
50

 (
0.

38
–0

.6
2)

0.
50

 (
0.

38
–0

.6
2)

Po
ol

ed
 e

st
im

at
es

31
13

49
8

43
4

0.
69

 (
0.

50
–0

.8
3)

0.
74

 (
0.

56
–0

.8
7)

Po
ol

ed
 e

st
im

at
es

*
15

14
22

9
17

0
0.

63
 (

0.
49

–0
.7

6)
0.

69
 (

0.
53

–0
.8

1)

Pt
s,

 p
at

ie
nt

s;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 A

FP
, a

lp
ha

-f
et

op
ro

te
in

.

* Po
ol

ed
 e

st
im

at
es

 a
ft

er
 e

xc
lu

si
on

 o
f 

ou
tli

er
 s

tu
di

es
 (

C
at

ur
el

li 
et

 a
l.2

7 )
.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2019 November 21.


	SUMMARY
	INTRODUCTION
	METHODS
	Literature search
	Study selection
	Study inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	RESULTS
	Studies
	Ultrasound for detecting HCC at any stage
	Ultrasound for detecting early HCC
	AFP and ultrasound for detecting early HCC
	Quality assessment

	DISCUSSION
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4

