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�-Fetoprotein (AFP) is frequently used as a diagnostic marker for hepatocellular carci-
noma (HCC). Most available data concerning AFP come from studies of patients with
chronic hepatitis B or other chronic liver diseases of mixed etiologies. Limited data
concerning the diagnostic value of AFP for hepatitis C virus (HCV)-related HCC have to
date come only from Asian and European studies, and results are conflicting. There may
be significant differences in AFP levels depending on racial backgrounds and etiologies
of primary liver disease. We conducted a multicenter, retrospective, case-control study
of 163 HCC patients with HCV infection and 149 control patients with HCV-related
cirrhosis. The positive likelihood ratios for AFP at 0 to 20, 21 to 50, 51 to 100, and 101
to 200 ng/mL were 0.46, 1.31, 1.15, and 6.90, respectively. No controls had AFP greater
than 200 ng/mL. The sensitivity of AFP for the diagnosis of HCC in African Americans
with HCV infection was lower than that of patients of all other ethnic groups combined
(57.1% vs. 81.6% for AFP > 10 ng/mL, P � .02, and 42.9% vs. 66.0% for AFP > 20
ng/mL, P � .05). The area under the receiver operating characteristics curve was 0.81 for
non-African Americans but only 0.56 for African Americans. In conclusion, AFP greater
than 200 ng/mL can be used to confirm HCC in patients with HCV-related cirrhosis and
a hepatic mass. However, AFP is insensitive for the diagnosis of HCC in African Amer-
icans. (HEPATOLOGY 2002;36:410-417.)

Hepatocellular carcinoma (HCC) is a well-
known complication of chronic viral hepatitis,
including hepatitis C virus (HCV) infection.1-3

It is the fourth most common cancer worldwide, and
most cases are associated with chronic hepatitis B (HBV)

or HCV infection.4,5 The incidence of HCC in the
United States is 2.4 per 100,000 persons and is rising.6

The majority of Americans with HCC have underlying
HCV infection.2 Asymptomatic patients diagnosed with
HCC through screening programs are more likely to be
candidates for curative treatment and to have improved
short- and medium-term survival.7-9 Twice-yearly serum
�-fetoprotein (AFP) and liver ultrasound (US) were rec-
ommended for screening for HCC in patients with cir-
rhosis of all etiologies originally at the Milan Consensus
Conference and more recently at the Barcelona-2000 Eu-
ropean Association for the Study of Liver Diseases Con-
ference.10,11

AFP is a fetal glycoprotein produced by the yolk sac
and fetal liver and was first discovered in 1956.12 Imme-
diately after birth, AFP levels fall rapidly to less than 10
ng/mL and rise again only in certain pathologic condi-
tions.13 Serum AFP elevation has been known to be asso-
ciated with HCC since 1963.14 Unfortunately, AFP is
also elevated in a wide variety of nonhepatic malig-
nant15-17 and benign conditions, such as acute and
chronic hepatitis.18-24
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It remains unclear whether serum AFP is a useful diag-
nostic marker for North American patients with hepatitis
C-related HCC. Patients in the United States, especially
in urban areas, are also likely to be ethnically diverse, and
the level of AFP gene expression may differ between one
ethnic group and another. The varying efficacy of serum
AFP as a diagnostic marker for HCC may have implica-
tions for its utility as a screening tool for different groups
of patients. To our knowledge, no studies to date have
examined the diagnostic utility of serum AFP for hepatitis
C-related HCC in North American patients with their
ethnic minorities. As a multicenter study, our work pro-
vides data on the largest number of patients with HCC
and chronic hepatitis C reported from a Western country.
In addition to statistical tests previously applied to AFP,
such as sensitivity and specificity for various AFP cutoff
values and receiver operating characteristics (ROC) curve,
our study also presents the likelihood ratios (LR) for var-
ious AFP intervals. LR expresses the odds that a given level
of a diagnostic test result would be expected in a patient
with (as opposed to one without) the target disease.25 LR
would provide a more accurate estimate of posttest prob-
ability of disease in a given patient with a specific AFP
value.

Most studies concerning the diagnostic utility of serum
AFP for HCC were conducted in patients with liver dis-
ease of mixed etiologies but primarily chronic HBV infec-
tion.14 Several studies have suggested that the etiology of
liver disease influences the likelihood and degree of AFP
elevation.26-30 In the few studies of AFP in HCV-related
HCC conducted among Asian patients, the frequency of
raised AFP levels above 20 ng/mL ranges from 51% to
97%, and these figures were either lower or higher than
those for hepatitis B-related HCC.26-28 In these studies, a
control group was either lacking or included healthy pa-
tients without chronic liver disease or patients with
chronic HCV infection at various stages, limiting the con-
clusions. Patients with chronic hepatitis C and cirrhosis
would be more appropriate controls in this setting, insofar
as HCC occurs only rarely in patients with less advanced
disease. In Western countries, the sensitivity and specific-
ity of serum AFP above 20 ng/mL were found to be
85.7% and 85.7%, respectively, in a cohort of 140 Ger-
man patients with chronic HCV infection, but this study
included only 7 patients with HCC.31 In a recent retro-
spective study conducted among 170 Italian patients with
HCC, 103 of whom had chronic HCV infection, and
control cases with cirrhosis, the sensitivity and specificity
of serum AFP higher than 20 ng/mL for the diagnosis of
HCC were 67.0% and 89.3% for patients with chronic
hepatitis C, slightly higher than in patients with chronic
HBV infection.32

Patients and Methods
We conducted a case-control study of patients with

HCC and chronic HCV infection and patients with hep-
atitis C-related cirrhosis whose clinical records were avail-
able for retrospective reviews at Stanford University
Medical Center (SUMC), Veterans Administration Med-
ical Center in San Francisco (VASF), San Francisco Gen-
eral Hospital (SFGH), and University of California
Medical Center in San Francisco (UCSF) between 1995
and 2001. All patients in this study had positive anti-
HCV and/or HCV-RNA and at least 1 serum AFP mea-
surement. Patients with positive hepatitis B surface
antigen (HBsAg), anti-HIV, active nonhepatic malignan-
cies, and hereditary or autoimmune liver diseases were
excluded.

All patients were sampled consecutively from liver
transplant and liver clinic records between January 1998,
and July 2001, at SUMC, and between January 1995, and
December 1999, at UCSF; computer-generated lists of
patients based on ICD-9 diagnosis of HCC (155.0) and
chronic HCV infection (070.54) between January 1998,
and July 2001, at SUMC, and between January 1996, and
June 2001, at SFGH; liver biopsy records between Janu-
ary 1995, and January 2001, at VASF and UCSF liver
clinics; cytology and pathology records of all liver fine-
needle aspiration and surgical pathology cases from the
pathology department between January 1995, and Janu-
ary 2001, at VASF; and inpatient gastrointestinal consul-
tation records between January 1998, and January 2001,
at VASF.

In total, 163 cases of HCV-related HCC meeting in-
clusion criteria were identified and confirmed by cytology
and/or histology (87 patients, 53.4%) or by the presence
of characteristic (i.e., enlarging tumors and/or tumors
with typical arterial hypervascularization) hepatic masses
on liver computed tomography (CT), and/or magnetic
resonance imaging tests (MRI), and/or hepatic angiogra-
phy tests (76 patients, 46.6%).

In total, 149 control patients with chronic HCV infec-
tion and cirrhosis were identified and confirmed by liver
biopsies (89 patients, 59.7%) and/or clinical or radio-
graphic evidence of portal hypertension (60 patients,
40.3%). HCC was excluded by imaging studies [US, CT,
MRI, and/or hepatic angiography], one of which must
have been performed at least 6 months following the mea-
surement of AFP. Twenty-two patients did not meet this
criterion and were excluded. The median follow-up be-
tween AFP measurement and imaging studies was 18.0
months (range 6.0 to 66.0 months; lower to upper quar-
tile 11.0-18.00 months), and the mean follow-up time
was 21.0 months (SD 12.8 months).
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Laboratory tests including serum AFP, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), to-
tal bilirubin (TB), platelet count, prothrombin time and
international ratio (INR), creatinine, HBsAg, anti-HCV,
and HCV RNA were determined using standard, com-
mercially available assays. All AFP measurements in HCC
cases were made prior to any therapy for HCC. The me-
dian time between diagnostic imaging studies and AFP
tests was 14 days (range 0-300 days). The severity of cir-
rhosis was assessed by Child-Turcotte-Pugh (CTP)
scores,33,34 Child class, and Model for End-Stage Liver
Disease (MELD) scores.35

The HCC gross pathology was evaluated based on the
number of tumors, lobar involvement, tumor size based
on the largest dimension, and presence of vascular inva-
sion. The presence of vascular invasion was defined by
evidence of portal vein thrombosis on imaging studies or
direct vascular invasion discovered during surgical resec-
tion or liver transplantation. These variables were chosen
because they form the basis for decisions regarding surgi-
cal treatment eligibility.36 This study was approved by the
institutional board reviews at Stanford University and the
University of California, San Francisco (UCSF, VASF,
SFGH).

Analyses of various demographic and clinicopathologic
characteristics of both HCV-related HCC cases and
HCV cirrhotic controls were carried out. The results were
reported as mean and SD and/or median and range for
continuous variables and proportion (%) for categorical
variables. Statistical analysis was carried out with Fisher
exact, �2, Kruskal-Wallis, and Mann-Whitney tests as ap-
propriate. A 2-tailed P value of less than .05 was consid-
ered statistically significant. All statistical evaluation was
performed using SAS version 8.2.

Sensitivity and specificity of various AFP cutoff values
were determined for: AFP greater than 10 ng/mL (normal
upper limit for most commercial laboratories), AFP
greater than 20 ng/mL (recommended threshold for fur-
ther investigation),37,38 and AFP greater than 100 ng/mL
and 200 ng/mL (suggested confirmatory values for HCC
in patients with hepatic masses).39,40 LR and posttest
probability for various serum AFP intervals (0-20 ng/mL,
�20-50 ng/mL, �50-100 ng/mL, and �200 ng/mL)
and HCC prevalence (pretest probability) were calcu-
lated. Posttest odds are the product of pretest odds and
LR. Posttest odds were converted to posttest probability
using the following formula: probability � a/(a � b) if
odds are a:b. The theoretical HCC prevalences of 5%,
10%, 20%, and 50% were applied. Our study was not a
cohort or cross-sectional study; therefore, prevalence
could not be calculated. The exact prevalence of HCC
varies from population to population. The prevalence of

HCC by ultrasound in prospective or cross-sectional Eu-
ropean studies of patients with chronic liver disease ranges
from 2.1% to 7.9%.39,40 These studies include patients
with chronic viral hepatitis without cirrhosis or patients
with cirrhosis of all etiologies, most of whom had CTP
class A. The prevalence rate of HCC among patients with
hepatitis C-related cirrhosis, especially those with CTP
classes B and C, is likely to be higher than the rates re-
ported above, so the 5% and 10% prevalence applied.
The prevalence of HCC in HCV-related cirrhosis with a
hepatic mass on imaging study is not known but is likely
to exceed 50%, which is applied to represent this high-risk
group. The 20% prevalence was applied to represent an
intermediate-risk group.

Fisher exact test was used to compare sensitivity and
specificity of AFP cutoffs of 10 ng/mL and 20 ng/mL in
African American and non-African American patients.
Sensitivity was plotted against (1 � specificity) to con-
struct ROC curves for serum AFP as a predictor of HCC
for the overall study sample and for each ethnic group.
The area under each ROC curve or the c statistic was
calculated to quantify the overall performance of AFP as a
predictor for HCC.

In patients with HCC, correlations between AFP val-
ues and various patient and tumor characteristics were
examined. Nonparametric Spearman rank (age, platelets,
INR, creatinine, AST, ALT, TB, albumin, CTP score,
MELD score, largest tumor dimension), Mann-Whitney
test (gender, presence vs. absence of tumor vascular inva-
sion, unilobar vs. multilobar involvement), and Kruskal-
Wallis tests (Child class, ethnicity) were utilized to study
possible correlations between serum AFP levels and vari-
ous clinical characteristics in patients with HCV-related
HCC. Significant correlation between 2 variables is de-
fined at a Spearman rank correlation coefficient of 0.4 or
higher and a 2-sided P value of .05 or less.

Results

Patient Characteristics. Demographic information
was available for all HCC cases and controls. Clinicopath-
ologic characteristics were available in more than 90% of
both HCC cases and HCV cirrhotic controls for review
and analysis (Table 1). Information regarding anti-HBc
and alcohol was available for only approximately 50% of
our cases and/or controls; therefore, data derived from
this limited proportion of patients would not likely be an
accurate representation of our study sample. Approxi-
mately 55.0% of HCC cases and 69.8% of controls with-
out HCC were from tertiary-care institutions (SUMC
and UCSF), whereas 45% of HCC cases and 30.2% of
controls were from VASF and SFGH.
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All but 4 HCC patients had cirrhosis by study criteria.
Three of these patients had no liver biopsies and no clin-
ical, laboratory, or imaging evidence of portal hyperten-
sion. One patient was found to have only stage II fibrosis
on liver biopsy 1 month prior to the diagnosis of HCC.

Approximately 30% of patients either had more than 3
tumors, or multifocal or diffuse tumor involvement, or
evidence of vascular invasion at the time of diagnosis (Ta-
ble 2). When compared with patients of other ethnic
groups, African American patients had larger tumors
(mean � SD � 6.3 cm � 3.9 cm vs. 4.3 cm � 3.2 cm, P

� .022) and a higher prevalence of multilobar disease
(58% vs. 28%, P � .02).

Sensitivity and Specificity for HCC at Various AFP
Cutoff Values for All Patients. A histogram of AFP for
controls and cases is illustrated in Fig. 1. Sensitivity and
specificity for different AFP cutoff values are presented in
Table 3.

LR and Posttest Probability for HCC at Various
AFP Intervals and Pretest Probability of HCC. LR for
various AFP intervals and posttest probability for each
interval at various pretest probabilities are reported in
Table 4. LR could not be calculated mathematically for
AFP greater than 200 ng/mL, because no control patient
had AFP in that range. However, posttest probability for
HCC at this level is 100%.

ROC Curve for Serum AFP as a Predictor of HCC.
ROC curves were constructed for each individual ethnic
group (Fig. 2). Whereas the area under the curves (or the
c statistic, the probability that, in a randomly chosen pair
of patients, the diseased patient will have a more abnormal
result than the nondiseased patient) was similar among
white, Hispanic, and Asian patients and was approxi-
mately 0.81; the corresponding value was only about 0.56
for African American patients (Fig. 3). An African Amer-
ican patient with HCC has only a 56% chance of having

Table 1. Demographic and Clinical Characteristics of HCC
Cases and Cirrhotic Controls

Variables

Median (Range) or N (%)

P ValueHCC (n � 163) Controls (n � 149)

Age (y) 58 (41-84, 163) 51 (35-79, 148) �.0001
Male sex 139 (85.3%) 112 (75.6%) .0434
Ethnicity �.0001

Caucasian 76 (46.6%) 99 (66.4%)
African American 21 (12.9%) 8 (5.4%)
Hispanic 18 (11.0%) 32 (21.5%)
Asian 43 (26.4%) 10 (6.7%)
Others 5 (3.1%) 0 (0%)

AFP (ng/mL) 51.4 (1.9-669,000, 163) 7.6 (1.3-159, 149) �.0001
Platelet

(1,000/mm3) 89 (13-648, 162) 85 (21-639, 144) .6384
INR 1.2 (0.7-2.5, 161) 1.2 (0.9-3.4, 141) .0991
Creatinine (mg/dL) 0.95 (0.5-15.0, 162) 0.85 (0.5-10.2, 136) .1345
AST (U/L) 106 (11-3820, 162) 78 (25-336, 143) �.0001
ALT (U/L) 75 (12-2379, 159) 62 (10-432, 141) .0348
TB (mg/dL) 1.5 (0.3-7.9, 163) 1.2 (0.2-5.3, 146) .0175
Albumin (g/L) 3.1 (0.5-5.2, 162) 3.3 (1.8-4.6, 147) .0020
CTP 7.0 (5-14, 160) 6.0 (5.0-14.0, 144) .0029
MELD 8.0 (0-27.0, 160) 3.0 (0-23.0, 137) .0001
Child class .0010

A 57 (35.6%) 80 (55.6%)
B 57 (35.6%) 42 (29.2%)
C 46 (28.8%) 22 (15.2%)

Table 2. Tumor Characteristics

Tumor Characteristics
N

(Total � 163) Mean, Median, or %

Tumor size (cm)
Mean 145 4.6 � 3.4
Median 145 3.5 (0.5-18.5)
Diffuse 18 —

Tumor number
1 95 59.0%
2-3 38 23.6%
�3 Or diffuse 28 17.4%

Lobar involvement
Unilobar 111 68.9%
Multilobar or diffuse 50 31.1%

Vascular invasion
Yes 29 18.7%
No 126 81.3%

Fig. 1. Distribution of AFP in all HCC and control patients.

Table 3. Sensitivity and Specificity for Various AFP Cutoff
Values

AFP Cutoff (ng/mL)
Sensitivity

(%, 95% CI)
Specificity

(%, 95% CI)

10 78.4 (72.1-84.7) 61.1 (53.2-68.9)
20 63.0 (55.5-70.3) 79.9 (73.4-86.3)
50 50.6 (42.9-58.3) 89.3 (84.3-94.2)

100 41.4 (33.8-48.9) 97.3 (94.7-99.9)
200 32.1 (24.9-39.3) 100.0 (100.0-100.0)
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a more abnormal AFP level than an African American
patient without HCC, making AFP of no value in this
group of patients.

Rate of AFP Elevation in HCC Patients Based on
Ethnicity. Statistically significant difference in sensitiv-
ity of AFP elevation between African American and non-
African American patients with HCC was also observed at
10 and 20 ng/mL cutoff values (Table 5). No statistically

significant difference for specificity of AFP was observed
for similar comparison patient groups and AFP cutoff
values. The distribution of AFP was similar among non-
African American patients (i.e., white, Asian, and His-
panic patients).

Correlation Between Serum AFP and Other Pa-
tient Characteristics. No significant correlation was
found between serum AFP levels and age, gender, various
tumor factors (tumor number, tumor size, number of
lobar involvement, and presence of vascular invasion), or
various laboratory parameters (platelet count, creatinine,
albumin, ALT, CTP score, MELD score, or Child class),
except for serum AST and ALT (Spearman rank correla-
tion coefficients � 0.54 and 0.44, respectively, P � .0001
for both variables).

AFP Elevation Without Hepatic Mass on US. In 8
of our 163 patients (5%), liver US failed to detect a he-
patic mass, and abnormal AFP levels led to further evalu-
ation with CT, which subsequently led to diagnosis of
HCC, 6 cases of which were confirmed either by cytology
or by angiography. These tumors ranged in size from 1.5
cm to 8 cm. The tumors were solitary and measured less
than 5 cm in 4 patients. One patient underwent resection,
and 5 patients received transcatheter chemoembolization.

Discussion
Serum AFP has long been used as a diagnostic marker

for HCC. Our study addressed the clinical utility of se-

Table 4. Likelihood Ratios and Posttest Probability for
Diagnosis of HCC

AFP Interval Positive LR
Pretest Probability

(%)
Posttest Probability

(%)

0-20 0.46 5 2.3
10 4.8
20 10.2
50 31.3

�20-50 1.31 5 6.5
10 12.7
20 24.7
50 56.8

�50-100 1.15 5 5.7
10 11.3
20 22.3
50 53.5

�100-200 6.9 5 26.6
10 43.4
20 63.3
50 87.3

�200 — 5 100.0
See text 10 100.0

20 100.0
50 100.0

Fig. 2. Receiver operating characteristics curves for AFP as predictors
of HCC for each ethnic group.

Fig. 3. Receiver operating characteristic curves for AFP as predictors
of HCC for African American and non–African American patients. Circles
denote AFP values of 10, 20, 50, 100, and 200 in downward and
leftward directions.
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rum AFP in the diagnosis of HCC in patients with HCV-
related cirrhosis from diverse ethnic backgrounds. These
patients came from both a tertiary-care/transplant patient
population and an inner-city population of a North
American urban area. LR presented above may enable
practitioners to calculate more accurate posttest probabil-
ity for HCC for a given patient with a given AFP value
than sensitivity and specificity. The rate of AFP elevation
appeared to differ among the various ethnic groups in our
study. Whereas only a minority of Asian, white, and His-
panic patients with HCV-related HCC (18%) had a nor-
mal AFP value, close to half of our African American
patients (43%) presented with HCC and a normal AFP
level. African American patients were also more likely to
present with larger tumors and multilobar disease. The
mortality of African American patients with HCC overall
was disproportionately high in recent epidemiological
studies.6 The reason for this is unclear but theoretically it
may include a more aggressive biologic behavior of the
primary tumors, lack of tumor response to treatment, lack
of access to care, or ineffective diagnostic methods in this
group of patients. The rate of AFP elevation in African
American patients with HCC was significantly different
from that of HCC patients of all other ethnic groups
combined. The observed low rate of AFP elevation in
African Americans with HCV-related HCC merits fur-
ther investigation with a larger sample. If this finding is
confirmed, screening for HCC in African Americans with
HCV-related cirrhosis probably should not rely on serum
AFP. As can be seen in Fig. 2, although the c statistic of the
ROC curve for serum AFP as a predictor of HCC in
non-African American patients was 0.81, the correspond-
ing value was only 0.56 in African American patients,
close to 0.50, the extreme value of an ineffective diagnos-
tic test. It is not known if there are any significant differ-
ences in the rate of AFP elevation between African
American patients and other ethnic groups in HCC of
other etiologies, such as patients with chronic HBV infec-
tion. As can be seen in Fig. 2, the ROC curves for white,
Asian, and Hispanic patients closely approximate each
other, confirming similar sensitivity, specificity, and LR
among these patients.

For the overall population, at AFP cutoff of 10 ng/mL,
the sensitivity was 78.4%, but the specificity was poor at
only 61.1%. The positive LR for HCC was similarly low
for AFP intervals up to 20 ng/mL. The high false-positive
rate at this level is likely to generate costly evaluation as
well as unnecessary anxiety for patients. Meanwhile, the
specificity of serum AFP at a level above 20 ng/mL in-
creased to 79.9%, but sensitivity became unacceptably
low at 63.0%, making AFP determination an inadequate
diagnostic test for HCC in our patients with HCV cir-
rhosis when used alone. On the other hand, screening
cirrhotic patients with liver US alone may also fail to
detect HCC in a small number of patients. The rate of
US-negative and AFP-positive HCC in our study differed
from the experience at another North American center
(unpublished data).43 This variation likely is due to dif-
ferences in US techniques, which are highly operator-
dependent. Thus, in our patient population and with our
facilities, serum AFP identified additional cases of HCC
in a small number of patients (8 of 163 cases, 5%), most of
whom were eligible for either curative surgery or palliative
therapy.

Serum AFP at high levels may be useful as a confirma-
tory test for HCC. The specificities of serum AFP for
HCC in HCV-related cirrhosis were 97.3% for AFP
greater than 100 ng/mL and 100% for AFP greater than
200 ng/mL. Positive LR for AFP greater than 100 to 200
ng/mL was 6.9. No AFP level greater than 200 ng/mL was
observed among our 149 control patients. In general, a
higher level of AFP is typically required to obtain suffi-
cient specificity for clinical use as a confirmatory test for
HBV-related HCC.14 Predictive values of different AFP
intervals vary according to the prevalence of HCC in the
tested population.

The sensitivity and specificity observed at various AFP
cutoff values for non-African American patients were sim-
ilar to those reported by Trevisani et al.,32 the only other
case-control study on the utility of AFP in Western pa-
tients in which cirrhotic patients served as controls. In
their study, a small number of HBV-related HCC pa-
tients was also studied, and a slightly higher association
was observed between HCV-related HCC and serum

Table 5. Sensitivity and Specificity of AFP in African American (AA) and Non–African American Patients for HCC

AFP Cutoff

Sensitivity (95% CI) Specificity (95% CI)

AA Non-AA AA Non-AA

10 57.1* (36.0-78.3) 81.6* (75.2-88.0) 50.0 (15.4-84.7) 61.7 (53.9-70.0)
20 42.9† (21.7-64.0) 66.0† (58.1-73.8) 62.5 (29.0-96.1) 80.9 (74.9-87.3)
50 42.9 (21.7-64.0) 51.8 (43.5-60.0) 87.5 (64.6-100) 89.4 (84.3-94.5)

100 38.1 (17.3-58.9) 41.8 (33.7-50.0) 100.0 (100.0-100.0) 97.2 (94.4-99.9)
200 28.6 (9.3-47.9) 32.6 (22.2-37.3) 100.0 (100.0-100.0) 100.0 (100.0-100.0)

Fisher exact 2-tailed *P � .02 and †P � .05.
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AFP elevation than between HBV-related HCC and
AFP. The sensitivity of serum AFP as a diagnostic marker
for HCC in patients with cirrhosis of nonviral origin was
reported to be very low, and this test should not be used in
such patients. The reason for this is unknown. Our study
did not investigate patients with HCC of etiologies other
than HCV infection.

Selection bias may be present in our study, insofar as
different sampling methods were required at the different
study centers. However, similar methods were applied for
selection of both cases and controls at each center to min-
imize such bias. The HCC patients in our study also
included a higher proportion of older male patients with
more advanced liver disease. Cases and controls were not
matched for any of these factors for several reasons. First,
unmatched cases and controls would allow patients’ base-
line characteristics to be examined for possible predictors
of AFP elevation as well as HCC diagnosis. Second, the
study patients represented a population likely encoun-
tered by practitioners in a North American urban area.
Furthermore, with the exception of serum AST and ALT,
none of the other clinicopathologic or demographic fac-
tors was found to correlate with serum AFP levels in HCC
and control patients.

In summary, among non-African American patients,
serum AFP is a useful test for classifying correctly patients
with HCV-related cirrhosis without HCC at low AFP
levels (AFP � 0-20 ng/mL) and low HCC prevalence
(5%). The reported prevalence of HCC in patients with
HCV-related cirrhosis is approximately 2% to 8%.41,42

AFP may also be used as a confirmatory test for HCC at
high levels (AFP � 200 ng/mL) in patients with HCV-
related cirrhosis. The prevalence of HCC in patients with
HCV-related cirrhosis and a hepatic mass on imaging
study is not known but is likely to be 50% or higher. The
interpretation of intermediate serum AFP values (20-100
ng/mL) remains challenging, often prompting further
costly evaluation of false-positive tests. This has, in turn,
led some to advocate against AFP as a screening test for
HCC.43 However, screening for HCC with imaging stud-
ies alone is untested. The reported sensitivity and speci-
ficity of imaging tests have also been suboptimal and
variable, though they are likely to have improved signifi-
cantly in recent years with advances in radiographic tech-
niques. Diagnostic sensitivity of liver US for a hepatic
mass is quite variable.44 The CT detection rate of focal
HCC performed between 1993 and 1995 was found to be
only 59% with triphasic helical CT in 430 pretransplan-
tation patients (mean tumor size, 24 mm; range, 9-60
mm).45 Thus, prospective trials comparing the cost effec-
tiveness of HCC screening in patients with cirrhosis of
viral etiologies with sensitive imaging tests alone and in

combination with serum AFP are needed. In our study,
serum AFP appeared to be an insensitive test for the diag-
nosis of HCC in African American patients with HCV-
related cirrhosis. More frequent and sensitive imaging
tests may be necessary for effective HCC screening in this
ethnic group.
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