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This systematic review addresses the following questions: (1) What is the efficacy of using
screeningtests for hepatocellular carcinoma (HCC) in improving outcomes in chronic hepatitis
C, and (2) what are the sensitivity and specificity of screening tests for HCC in chronic hepatitis
C?The search strategy involved searching Medline and other electronic databases between January 1985 and March 2002. Additional articles were identified by reviewing pertinent articles
and journals and by querying experts. Articles were eligible for review if they reported original
human data from studies of screening tests that used virological, histological, pathologic, or
clinical outcome measures. Data collection involved paired reviewers who assessed the quality of
each study and abstracted data. One nonrandomized prospective cohort study suggested that
HCC was detected earlier and was more often resectable in patients who had twice yearly
screeningwith serum alpha-fetoprotein (AFP) and hepatic ultrasound than in patients who had
usual care. Twenty-four studies, which included patients with chronic hepatitis C or B or both,
addressed the sensitivities and specificities of screening tests. They were relatively consistent in
showingthat the sensitivityof serum AFP for detectingHCC usually was moderatelyhigh at 45%
to loo%,with a specificityof 70% to 95%,for a threshold of between 10 and 19 ng/mL. The few
studies that evaluated screening with ultrasound reported high specificity, but variable sensitivity. In conclusion, screening of patients with chronic hepatitis C with AFP and ultrasound may
improve detection of HCC, but studies are needed to determine whether screening improves
c h i d outcomes. (HEPATOLOGY
2002;36:S84S92.)

H

epatocellular carcinoma (HCC) is one of the
most common non-dermatologic cancers in the
world. Incidence rates vary regionally with rates
reported in Asia as high as 80 per 100,OOO.l The incidence

of HCC in patients with hepatitis C ranges between 0%
and 1.6% per year2 and 0.46% per year in patients with
hepatitis B.3-6 In addition, the annual risk of developing
HCC with cirrhosis is between 1% and 6%.7-13The mortality from HCC is substantial, with survival rates as low
as 1Yo at 2 years in untreated patients.'*-'G Despite knowlAbbreviations: HCC, hepatocellular carcinoma: HCK hepatitis C virus: HBK
hepatitis B virus; AFP,alpha-$toprotein; C7: computerized tomography; M H , edge of the risk factors for HCC, screening for HCC is
maguetic resonance imaging US, Ultrasonography.
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We conducted a systematic review of the literature on 2
key questions: (1) What is the efficacy of using screening
tests for HCC to improve clinical outcomes in patients
with chronic hepatitis C and (2) what are the sensitivity
and specificity of screening tests for HCC, especially resectable HCC, in patients with chronic hepatitis C? Sensitivity refers to the ability to detect HCC in those who
have HCC, and specificity refers to the ability to rule out
HCC when HCC is not present.
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Patients and Methods

cluded those that did not meet our eligibility criteria. The
exclusion criteria were: language other than English, no
human data, no original data, no information relevant to
management of hepatitis C, only basic science, did not
apply to one of our questions, meeting abstract without a
full article for review, or other incomplete reports.
The paired reviewers then independently reviewed the
abstracts of the remaining citations. Abstracts were excluded if both reviewers agreed that the abstracts did not
meet the eligibility criteria. Disagreements between reviewers about eligibility were adjudicated at meetings.

Ident$cation of Target Popzclation and Speczsc
Questions. For this systematic review of the literature, we
defined the targeted population as patients with chronic
hepatitis C. We formulated the key questions after meeting with the Planning Committee responsible for the
2002 Consensus Development Conference on Management of Hepatitis C and then obtaining input from experts. Details about the identification of questions are
available in our complete evidence report." For the purposes of the current review, we define screening as the one
time performance of a screening test to detect previously
unrecognized disease, and we define surveillance as the
repeated use of a screening test over a period of time.
Literature Search. We conducted a search of literature from January 1996 through March 2002 using
DIALOG (Cary, NC), a commercial database vendor
that has access to electronic databases including MEDLINE; Biological Abstracts - BIOSIS Previews; Science
Citation Index - SciSearch; Manual, Alternative, and
Natural Therapy - MANTIS; Allied and Complementary Medicine Database; PsycINFO; and Sociological
Abstracts. T o minimize the chance of missing an important study, we also searched MEDLINE back to
1985, reviewed reference lists in key studies, and reviewed the table of contents of recent issues of journals
most likely to publish relevant studies.
We included the search for studies on screening for
HCC in our overall search for articles on key questions in
the management of hepatitis C, as described in the complete report.'g The search strategy was designed by experts
at the National Library of Medicine (Bethesda, MD) to
maximize the likelihood of detecting all pertinent peerreviewed studies. After developing a search strategy for
MEDLINE, the search experts modified the strategy for
the other electronic databases. Search results were entered
into a reference manager database (Procite, IS1 Research
Soft, Berkeley, CA).
Abstract Review. Paired reviewers independently reviewed the article titles identified by the search and ex-

Article Review and Data Extraction. To review and
extract data from eligible articles, we used a standardized
form for assessing study quality against pre-established
criteria and also developed forms for extracting relevant
information on characteristics and results of each type of
study. To focus the review on articles that were most likely
to give useful data on the questions, we excluded studies
that (1) were not designed to address one of the questions;
(2) addressed management of hepatitis C in liver transplant patients only; (3) had less than 30 study subjects; or
(4) did not document the presence or absence of H C C
with appropriate histological or pathologic evidence. For
the question on whether screening tests improved clinical
outcomes, we also required that studies have at least 6
months of follow-up. For the question on performance
characteristics of screening tests, we included only studies
that reported data on patients with hepatitis C, although
studies were included ifsome patients had only hepatitis B
or were co-infected with hepatitis B and C. Because the
pathophysiology and natural history of hepatitis C differs
substantially from that of hepatitis B,6,17,'s,20we excluded
studies that focused solely on hepatitis B.
The study quality assessment form included the following categories: Representativeness of study population
(5 items); bias and confounding (1 to 3 items); description of management or test (1 to 2 items); outcomes and
follow-up (4 to 5 items); and statistical quality (3 to 4
items). The items on this form were derived from forms
used in previous systematic reviews21 and can be found in
our complete evidence report.'9 Not all items applied to
both questions addressed in this review. Each applicable
item could be assigned a score of zero (criteria not met), 1
(criteria partially met), or 2 (criteria fully met). The score
for each category of study quality was the percentage of
points available in each category for a given study and
could range from 0% to 100%. The overall quality score
was the average of the 5 categorical scores.
The data extraction form included items that described
the type of study, geographical location, definition of
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study groups, specific aims, eligibility criteria, screening Results
test characteristics, characteristics of subjects, and results.
We reviewed each eligible article in pairs, including at
ResuZts of Literature Search. We found 1 surveilleast one reviewer with clinical training and one with lance study that answered Key Question 124 regarding
training in epidemiology and research methods. One re- outcomes of screening for HCC and 24 studies relevant to
viewer completed the quality assessment and data extrac- Key Question 2 regarding performance characteristics of
tion forms, and the second reviewer checked the material the screening tests. Five of these 24 studies were in patients infected with hepatitis C al0ne,~5-~9
and 19 were in
abstracted; they resolved differences by consensus.
Ten of
After entering data into an Access (Microsoft, Seattle, patients with hepatitis B or C or b0tb.18,20,2~,30-~5
these
studies
were
surveillance
s
t
~
d
i
e
s
,
~
0
,
~
~
and
, ~ ~14
,3~-3~
WA) database, we created evidence tables to display inwere
screening
~tudies.’8,~5,~7-~9.37-*5
No
study
was
exformation across studies. The detailed evidence tables are
cluded solely for lack of appropriate histological or pathoin our comprehensive evidence report.’9
Evidence Grades. We graded the strength of evidence logic evidence of HCC.
using a scheme derived from previous p r o j e ~ t s . ~For
~ , ~ 3 Study on Outcomes of Screeningfor HCC. We were
the question on sensitivity and specificity of screening unable to identify any randomized controlled trials on
tests, Grade A (strong evidence) was given when appro- screening for HCC, but we identified one prospective
priate data were available, including at least one well done cohort surveillance study that evaluated outcomes for
study, the study population was sufficiently large, there HCC in patients with chronic liver disease. A total of 360
was an adequate reference standard, data was consistent, patients who were followed in a hepatitis clinic received
and the test definitively was or was not useful. Grade B alpha-fetoprotein (AFP) and ultrasound screening twice a
(moderate evidence) was given when appropriate data year. The control group was 2,170 patients who received
were available, the study population was sufficiently large, usual care in other hepatology clinics.24
During a mean follow-up of 56 months, focal lesions
there was an adequate reference standard, the data were
that
proved to be HCC were found in 24 (6.7%) of the
reasonably consistent, and the data indicated the test was
patients in the screening group and 129 (5.5%) in the
or was not likely to be useful, but there was insufficient
control group. Of the 24 malignancies noted in the
evidence to conclude definitively. Grade C (weak eviscreening group, 75% were unifocal and less than 3 cm,
dence) was given when some data were available, the study
compared with 16% in the control group, a statistically
population was reasonably large, the data indicated a
significant d i f f e r e n ~ e .In
~ ~the screening group, at the
trend supporting benefit (or no benefit) of one interventime of diagnosis, serum AFP was normal (< 20 ng/mL)
tion compared with another, and there was insufficient
in 1 1 patients, between 20 and 200 ng/mL in 9 patients,
evidence to conclude that a test was likely to be superior,
and above 200 ng/mL in 4 patients. At these thresholds,
equivalent, or inferior to another. Grade I (insufficient
sensitivities for detecting H C C were 46%) 38%, and
evidence) was given when appropriate data were not avail17%)respectively.
able or an insufficient number of patients was studied. We
Overall, this study indicated that HCC was detected
used a similar set of evidence grades for the question on earlier (i.e., smaller tumors) and was more often resectable
the efficacy of screening.
when the screening group was compared with patients
When all the evidence from eligible studies was assem- who received usual care. However, the strength of the
bled, 5 members of our team independently submitted evidence was weak (Evidence Grade C: some data availwritten grades on the strength of the evidence on each able, study population reasonably large, data indicated a
question. To resolve differences in grading, the final grade trend supporting benefit [or no benefit] of I intervention
was based on the opinion of the majority.
compared with another, but insufficient evidence to conPeer Review Process. An external group of experts clude that the intervention was likely to be superior,
reviewed a draft report detailing the methods and results equivalent, or inferior to another).
of our review. This group included experts in hepatology
Sensitivity and Specificity of Screening Tests. T o
and infectious diseases, experts in clinical epidemiology, answer the question regarding performance characterisrepresentatives of selected professional organizations tics of tests for screening for H C C , we identified 24 arti(e.g., the American Association for the Study of Liver cles that evaluated serologic, urinary, or radiologic tests,
Diseases and the American College of Physicians-Ameri- including screening and surveillance studies. Nineteen
can Society of Internal Medicine), and representatives of studies evaluated use of serum AFP for detection of HCC.
governmental agencies (e.g., the National Institutes of As shown in Table 1 , 10 studies evaluated other serologic
Health).
markers for HCC,25,27-31,35,37-39
1 study evaluated urinary
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Table 1.
Author, Year

Serologic test
Ishii, 2000
Izzo, 1999

Study Quallty
Score (96)

Survelllance
study?

734

81

1,520

67

Yes
No
Yes

N

Sensltlvlty
Screening Test

PIVKA-II > 60 mAU/mL
AFP 2 40 ng/mL I% PIVKA-II > 80 mAU/mL
S-112R > 850 U/mL

us
Kakumu, 1997

80

67

No

Larcos, 1998

232

40

Yes

Nagai, 2001
Nomura, 1996

129
128

51
35

No

Raedle, 1995

174

65

No

Sassa, 1999

195

33

No

Tsuzurahara, 1997
Tsai, 1995

170
256

65
80

No
No

CT/MRI
l L l 0 > 5 pg/rnL
IL15 > 70 pg/mL
AFP > 8 1 U/mL

us
No

CK > 2.5 ng/mL
Conventional DCP
Overnight DCP
Avidin biotin complex DCP
Positive anti-p53 auto Ab
AFP > 20 ng/mL + positive anti-p53 auto Ab
AFP > 100 ng/mL positive anti-p53 auto Ab
AFP > 200 ng/mL and AFP L3 > 10%
AFP L3 > 10%
H-DCP > 40 mAU/mL
H-DCP and AFP > 200 ng/mL
H-DCP and AFP L3 > 10%
MAGE-4 > 1.04 ng/mL
3% PEG CIC
AFP > 120 ng/mL + 3% PEG CIC
AFP > 400 ng/mL
3% PEG CIC

+

+

Urinary test
Tsai, 1997

Radiologic test
Colombo, 1991

238

447

63

69

No

Yes

TGFPl
TGFPl
TGFpl

2
2
2

50 mg/g Cr
50 m u g Cr or AFP
50 mg/g Cr or AFP

us
US and CT

Izzo. 1998

1,125

50

Yes

Kasahara, 1998
Tong, 2001
Van Roey, 2000

1,022
1,204
140

87
56
63

Yes
Yes
No

us
US or AFP > 10 ng/ml
US and CT

us
us

> 100 ng/mL
> 400 ng/mL

Specificity
(%)

41
66
99
66
100
63
45
24
92
47
17
29
33
43
86
71
25
23
45
48
54
47
65
84
83
53
84
80

91
85
96

95

100
86
99
99
99
99
99
98
77

100
100
99
98
99

49
93
87
100

100
51

96
98

Abbreviations: Auto Ab, autoantibodies; CIC, circulating immune complexes; CK, cytokeratin; Cr, Creatinine; DCP, des-gamma-carboxy prothrombin; H-DCP, high
sensitivity des-gamma-carboxy prothrombin; IL, interleukin; MAGE-4, melanoma antigen 4; mAU, milliarbitraty units; PEG, polyethylene glycol; PIVKA-II, protein induced
by vitamin K absence; S-IUR, soluble interleukin 2 receptor.

transforming growth factor p- 1,40 6 studies evaluated hepatic ultrasound (US),26,32-35,401 study evaluated computerized tomography (CT) and magnetic resonance
imaging (MRI),3O and 2 studies evaluated CT and
US.26,34
AFP. Of 19 studies that evaluated serum AFP for
detection of HCC, 3 were in patients with HCV
alone,28>36,46and 16 were in patients with HCV or hepatitis B virus (HBV) or both. 10,20,27,30-33,35,37,39,40,40-44 Nine
of the 10 surveillance studies were AFP studies.20.2*,30-36
These studies varied significantly in study design, patient
characteristics, and sample size. Most were conducted in
Europe or Asia with 1 study from Australia35and 1 from
the United States.32 Almost all studies excluded patients
with other forms of liver disease. In all of the studies, the

majority of participants were men, with the mean age
ranging between 31 and 66 years. Most had advanced
liver disease, the group thought to be at highest risk of
HCC. Duration of infection, if reported, was generally
over 10 years. Genotypes varied according to the country
in which the study was performed. The mean quality
score of these studies was 64% and they tended to be
weakest in the bias category.
Figure 1 includes surveillance and screening studies
and demonstrates the increasing sensitivity of serum AFP
with decreasingAFP threshold. With an AFP threshold of
400 ng/mL, the sensitivity ranged from 0% to 64%. With
an AFP threshold of 10 to 19 ng/mL, sensitivity ranged
from 45% to 100%. Figure 2 demonstrates how both the
sensitivity and specificity of serum AFP varied according
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Fig. 1. Sensitivity of HCC detection by AFP threshold value.

to the value of the test threshold. As the AFP threshold
increased above 20 ng/mL, the sensitivity began to decrease below 60%. A large case-control study evaluating
different AFP thresholds found 16 ng/mL as the threshold
that maximized sensitivity and specificity.'8 A receiver
operating characteristic (ROC) curve in this study found
an area under the curve of 0.8 19 indicating a high level of
diagnostic performance. Overall, the studies were relatively consistent in suggesting that the sensitivity of serum
AFP for detecting HCC in patients with hepatitis C increases from very low levels to moderately high levels of
60% to 80% as the threshold value decreases from 400
ng/mL to 10 ng/mL, with the corresponding specificity
decreasing from 100% to about 70% to 90% (Evidence
Grade B, moderate evidence).
Other SerologicMarkers. Table 1 summarizes results
of the 10 studies that evaluated other serologic markers for
HCC.25,27-31,37-40
These studies included 3 surveillance
studies and 7 screening studies. They used different study
designs, with only 2 using diagnostic test design permitting calculation of both sensitivity and specificity of a
test.25.28 One of these studies examined the performance
of the tests in patients with chronic hepatitis C,38while
the other studies all included patients with either hepatitis
B or C.
The mean study quality score for these studies was
6 1YO.Generally, these studies received high scores for
providing good descriptions of the screening tests (mean
score, 84%), and variable scores for representativeness of
the study population (mean score, 57%)) outcome assessment (i.e., documentation of presence or absence of
HCC) (mean score, 61%) and statistical analysis (mean
score, 70%).
These studies reported sensitivities that ranged from
17% to 99%. The best sensitivity (99%) was obtained in
a study that evaluated serum interleukin 2 receptor in
1,520 patients with either hepatitis B or hepatitis C, or
both. All patients had been infected for at least 5 years.

The mean duration of HCV infection was 10.6 years. In
this study, the sensitivity of serum interleukin 2 receptor
was 99%, and the specificity was 96Y0.3~
Overall, we graded the evidence on other serologic
markers as Evidence Grade I (insufficient evidence).
Urinary Tests. One case control screening study conducted in Taiwan evaluated the use of urinary transforming growth factor (TGF) @-1in screening for HCC in
patients with and without cirrhosis (see Table l).40This
study had a quality score of 63%. The 238 patients included 94 cirrhotics with HCC, 94 cirrhotics without
HCC, and 50 healthy controls, had a median age between
55 and 58 years, and were nearly 80% male.
In this population, the sensitivity of urinary TGF p- 1
for detecting HCC was 53% and the specificitywas 99%,
using a threshold of greater than 50 pglg ~ r e a t i n i n e . ~ ~
When urinary TGF p-1 was used in combination with
serum AFP, the sensitivity for detecting HCC was 84% if
the AFP threshold was 100 ng/mL and 80% if the AFP
threshold was 400 ng/~nL.~O
Specificities for these same
thresholds were 98% and 99%, respectively. We graded
the evidence for urinary TGF p-1 as Evidence Grade I
(insufficient evidence).
US. We identified 7 studies that evaluated US26330,3235,4i 6 through ~urveillance~~,3~,3~-35
and 1 through screening with hepatic US, 1 in patients with HCV alone,26 and
6 in patients with chronic liver disease, including, but not
limited to hepatitis C. These studies were limited in that
some were designed to assess the incidence of HCC and
not to assess the performance characteristics of US. Studies varied in the screening frequency and the extent of liver
disease in the screened patients.
Overall, the sensitivity of US for detecting HCC varied
from 11% to 99% with a high specificity of 95% to
100%. We graded the evidence on use of US as Evidence
Grade C (weak evidence).
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Fig. 2. Sensitivity and specificity of AFP for HCC screening by threshold value.
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CT and M H . One surveillance study evaluated the
use of CT andlor US26 to detect HCC in patients with
hepatitis C. This study had limited data on the utility of
the screening tests, as the study was designed primarily to
evaluate the incidence of HCC in patients with hepatitis
C. The study indicated a specificity of 96% for the combination of the tests. The study did not examine the sensitivity of the tests.
Another surveillance study reported a sensitivity of
93% for the combination of US and CT in cirrhosis pat i e n t ~ , 3but
~ it did not give the specificity. A third surveillance study in patients with either hepatitis B or C or both
reported a sensitivity of 100% for CT or MRI of the
liver.30 Overall, we graded the evidence on use of CT or
MRI as Evidence Grade C (weak evidence).
AFP and US. Three surveillance st~dies30,3~,35
and
one screening studfl compared the sensitivities of US
and serum AFP for detecting HCC, but they did not use
the tests in combination. In contrast, one surveillance
study evaluated the combination of AFP and US in 1,125
patients with HCV, HBV, or both, who had been infected for at least 5 years.33 The overall quality score for
this study was 50%. The mean age of the population was
56 years, and the mean duration of H C V infection was
10.2 years. This study reported a sensitivity of 100%
when using a serum AFP greater than 10 ng/mL together
with US, which compared with a sensitivity of 75% using
only a serum AFP greater than 10 ng/mL and a sensitivity
of 87% when using only US.33 We graded the evidence on
AFP and US as Evidence Grade C (weak evidence).

Discussion
Our literature search of surveillance and screening
studies showed only one prospective cohort study and no
randomized controlled trials evaluating the efficacy of
screening for HCC in patients with chronic hepatitis C
infection. The prospective cohort study suggested that
HCC was detected earlier and was more often resectable
in patients who underwent routine screening with AFP
and hepatic US than in those who had usual care. However, this study had important limitations, especially the
fact that it included patients with chronic liver disease,
primarily due to hepatitis B or C, but also due to other
causes, and thus may not be representative of the development of HCC in patients with hepatitis C. Because the
study was not randomized and was susceptible to both
selection bias and observer bias, we concluded that there
was not enough evidence to draw any firm conclusions
about the efficacy of screening using AFP or US for HCC
in patients with chronic hepatitis C.
In the absence of good direct evidence about the efficacy of screening for HCC, clinicians and policy makers
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may want to consider the evidence on the performance
characteristics of screening tests for HCC. The most frequently used tests have been serum AFP and hepatic US.
One must keep in mind that the efficacy of screening for
H C C will depend on more than just the performance
characteristics of screening tests. It also will depend on the
efficacy of treatment for HCC discovered by screening
and on the prevalence of HCC in specific subsets of patients with chronic hepatitis C.
Numerous trials evaluated the performance characteristics of serum AFP in screening for HCC in patients with
chronic hepatitis C. These studies, including surveillance
and screening studies, were relatively consistent in suggesting that a serum AFP level of 10 to 19 nglmL has a
moderately high sensitivity of 45% to 100% and a specificity of 70% or 95%, and a serum AFP level of greater
than 400 ng/mL has a low sensitivity with a specificity of
nearly 100% in screening for HCC. These results indicate
that an AFP threshold of 10 ng/mL may maximize sensitivity and retain relatively high specificity. One study has
shown that a discriminating value of 16 ng/mL can be
used, as this maximized the sensitivity and specificity in
patients with liver disease.'* Di Bisceglie and H ~ o f n a g l e ~ ~
have shown, however, that AFP is not always specific for
HCC, and titers can increase with flares of active hepatitis. Previous work has shown that elevated AFP can be
associated with changes in HBV replication status.47AFP
levels may increase transiently, intermittently, or permanently in patients with viral hepatitis without HCC. Increases are most often paralleled by an increase in
aminotransferase levels; however, the diagnostic dilemma
occurs in differentiating HCC from aviral illness when an
increase in AFP levels does not correlate with an increase
in aminotransferase levels or occurs in the presence of
normal levels.48Further studies are needed, as currently
there are no guidelines as to when an increase in AFP in
the presence of a normal US should trigger a further evaluation.
Although many clinicians use US to screen for HCC,
few studies evaluated the performance characteristics of
US in screening patients with hepatitis C. A previous
study by Pateron et aL49 used US and AFP every 6 months
in a Caucasian population with cirrhosis, with primarily
alcoholic cirrhosis, but the screening methods used did
not effectively identify potentially resectable tumors. The
studies using US that we evaluated were relatively consistent in demonstrating high specificity, but had variable
sensitivity depending on the population screened. Combination screening with AFP and US demonstrated an
increase in sensitivity in at least 1 trial of patients with
hepatitis B or C. Further study is needed, and trials comparing AFP and US would be very useful.

S90

HEPATOLOGY, November 2002

GEBO ET AL.

As previously shown by Collier and Sherman,48 the
surveillance intervals studiedvaried from 3 to 12 months,
and reasons for choosing a given interval often were not
reported. In 1 study of patients with hepatitis B, the AFP
levels corresponded with tumor doubling time in 55% of
the tumors; however no patients included in this study
had hepatitis C.50 In this study, the most rapidly growing
tumor increased from 1 cm to 3 cm in 5 months. Although the investigators suggested a 4- to 5-month interval for screening50 and others have suggested that a
6-month interval may be most a p p r ~ p r i a t e the
, ~ ~ ideal
time for re-screening has not been identified in patients
with hepatitis C.
Several other serologic and urinary screening tests were
evaluated, but none of these were evaluated in more than
2 studies. Few of these studies had a large enough population of patients with chronic hepatitis C to provide reliable estimates of the performance characteristics of the
tests.
Three surveillance studies reported on the performance characteristics of CT and/or MRI. The studies
were consistent in demonstrating both a high sensitivity
and specificity in patients with hepatitis C, but MRI is
significantly more expensive than US (personal communication, June 2002, Johns Hopkins University Radiology).
The limitations of the studies varied with the screening
test used. Studies evaluating AFP varied widely in study
design and patient eligibility criteria. Studies using US
varied by screening frequency, experience of the ultrasonographer, and the extent of liver disease in screened
patients. Finally, the studies using CT or MRI were not
designed to assess the performance characteristics of these
tests in screening, but to evaluate the incidence of HCC.
In addition, the limitations in specificity varied by study.
Even a false positive rate of 20% can lead to expensive
tests that have morbidity. Finally, the literature did not
allow us to estimate the rates of detection of resectable
compared with non-resectable HCC, which is a key issue
in determining the utility of screening tests for improving
long-term outcomes.
The criteria for judging a screening test include the
following: (1) The disease must be common and have
substantial morbidity or mortality; (2) the target population must be easily identifiable; (3)the screening test must
have low morbidity and high sensitivity and specificity;
(4)there must be standardized recall procedures, includingwhat constitutes a positive result; ( 5 ) the screening test
must be acceptable to the population; and (6) there must
be an acceptable and effective therapy.51 Screening for
HCC in patients with chronic hepatitis C seems to meet
at least some of these criteria since: (1) HCC occurs at an

annual incidence of 1% to 6% in patients with cirrhosis
and has a high risk of death; (2) hepatitis C patients are at
risk and can be easily identified; (3) serum AFP and hepatic US have relatively high sensitivity and specificity; (4)
a variety of radiologic studies and hepatic angiography are
available to confirm the diagnosis; (5) the morbidity and
cost of these tests are low enough to expect that they
would be acceptable to many patients in the western
world; and (6) effective treatment, including resection
and transplant, exists, although it is expensive and is limited by the availability of transplantable organs.3 However, from our review of evidence, it is not clear whether
screening for HCC in patients with chronic hepatitis C
will identify enough resectable tumors to improve longterm outcomes and offset the risk of invasive tests on
patients with false positive screening tests. Therefore, clinicians may want to carefully consider the varying sensitivities and specificities of different tests, as well as the
potential complications and costs of screening when discussing the pros and cons of screening with patients.
Screening strategies are most likely to be successful if they
use tests that have the highest sensitivity and specificity.

Future Research Needs
Clearly, additional research is needed to determine
whether routine screening and surveillance for HCC actually improve outcomes in patients with chronic hepatitis C. This would be best determined by prospective,
randomized, controlled trials in patients who are at greatest risk for HCC, such as those with cirrhosis or advanced
fibrosis. Both the types of screening tests (AFP, US, CT,
or MRI) and the timing of repeat testing for surveillance
require study in a prospectively, randomized, controlled
fashion. A critical component in these studies is assessment of outcome, i.e., whether these test detect HCC at
an early enough stage that therapy (resection, ablation,
liver transplantation) is effective in prolonging life. These
studies should be designed to assess both sensitivity and
specificity of these test in detecting HCC at different sizes
(such as 1 to 3 cm, 3 to 5 cm, or > 5 cm). These studies
should also include estimates of cost and cost-effectiveness of different protocols for surveillance. In addition,
new tests will need to be compared with, and possibly
combined with, the currently most sensitive screening
options. Given the lack of direct evidence on the benefit
of screening for HCC, studies should seek to elucidate the
ideal screening popuiation, test(s), and surveillance protocols.
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