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Abstract: Background and aims: Hepatitis B virus (HBV) infec-
tion is a common cause of hepatocellular carcinoma (HCC) in
the United States. This study evaluated the impact of surveil-
lance and treatment on HBV-infected HCC patients and iden-
tified factors associated with survival. Methods: From 1981 to
2010, 166 hepatitis B surface antigen (HBsAg)-positive HCC
patients were evaluated. Fifty-eight patients had HCC detected
by surveillance, while 108 patients presented with HCC. Results:
Compared to patients detected by surveillance, those present-
ing with HCC had more symptoms (65.7% vs 41.4%; P=.002),
were more frequently outside of Milan criteria (73.7% vs 29.6%;
P<.001), more often presented with diffuse tumors (23.2%
vs 1.9%; P<.001), and had a shortened median survival time
(9.5 months vs 18.7 months; P=.003). Patients who present-
ed with diffuse tumors were younger and more often male
(P=.002-.007), had a higher alpha-fetoprotein (AFP) level
(P=.023), and had a median survival time of only 1.68 months.
By multivariate analysis, factors that were significantly associ-
ated with mortality included diffuse tumors (hazard ratio [HR],
6.30; 95% confidence interval [Cl], 3.14-12.66; P<.001),
being outside of Milan criteria (HR, 2.02; 95% ClI, 1.26-3.23;
P=.005), albumin level (HR per 1 standard deviation decrease,
1.4; 95% Cl, 1.15-1.72; P=.001), AFP level (HR per 1 log stan-
dard deviation increase, 1.38; 95% Cl, 1.13-1.67; P=.001),
and receiving liver transplantation versus other treatments (HR,
0.08-0.38; 95% Cl, 0.03-0.87; P<.001 to P=.022). Conclusion:
In the United States, HBV-related HCC is a common malignancy,
especially among Asian immigrants. ldentification of HBsAg-
positive subjects and routine HCC surveillance are essential for

improving survival in these patients.
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epatocellular carcinoma (HCC) is a common
Hmalignancy worldwide and is responsible for up

to 600,000 deaths each year.! HCC is the fifth
and eighth most common cancer in men and women,
respectively. More than 85% of HCC cases arise from the
Asian and African continents, with China alone account-
ing for over 50% of all liver cancer cases worldwide. In the
United States, the incidence of HCC more than doubled
from 1975 through 2005.% The largest increase in the
proportion of HCC cases was in non-Hispanic whites, but
Asian Americans had both the highest age-adjusted HCC
incidence rate and the highest HCC mortality rate com-
pared to all other ethnicities.> Within the United States, the
etiology of HCC differs among racial groups. Hepatitis C
virus infection is the major risk factor in individuals of
white or black ethnicity, while hepatitis B virus (HBV)
infection remains the main risk factor among Asians.
Up to 80% of HBV-related HCC cases arise in the setting
of cirrhosis.’

The association between chronic HBV infection and
the development of HCC has been well established for
more than 4 decades.® A report from Taiwan showed that
the age-adjusted annual incidence of HCC was 474 cases
per 100,000 individuals among men who were positive
for hepatitis B surface antigen (HBsAg) compared to
6 cases per 100,000 individuals among HBsAg-negative
men.” In a previous report from the United States, high
risks for both HBV infection and HCC were noted in
Chinese men living in New York City.® During the time
period covered in this study, Chinese Americans com-
prised only 0.9% of the city’s population, yet 5.4% of all
deaths from HCC occurred in this ethnic group. A sub-
sequent report from Los Angeles, California showed that
80% of HBsAg-positive HCC cases occurred in Asian
Americans, and the percentage of HCC cases that occur
in this ethnic group remains consistently high to date.’

The survival rate after diagnosis of HBV-related HCC
is poor and depends on both the extent of the tumor bur-
den and the severity of the underlying chronic liver disease.
In an early report assessing 211 cases of HCC from Hong
Kong, predominately among HBV-infected patients, the
median survival after HCC diagnosis was only 3.5 weeks.’
In this study, a majority of the patients already had clinical
symptoms at presentation, either related to their tumor or
due to hepatic decompensation. Prior to adoption of the
Milan criteria for liver transplantation (LT), the median
survival after treatment for HCC in HBsAg-positive
patients was only 3 months." In the United States, the
1-year and 5-year survival rates after HCC diagnosis were
less than 50% and 10%, respectively.?

Few studies on HBV-infected HCC patients have
been conducted in the United States. The current paper
describes findings from 166 patients with HBV-related

HCC who presented to our clinic from 1981 to 2010.
Within this time period, routine surveillance for HCC
was initiated, and more treatments for HCC became
available. Thus, we were able to observe the clinical course
of HCC prior to the initiation of surveillance in our
clinic, which occurred in 1991, and to follow the clinical
course of patients who subsequently received definitive
surgical and locoregional therapies.!! This study describes
factors associated with survival in this population of

HBV-infected HCC patients.

Methods

Patients

From 1981 to 2010, 166 HBsAg-positive patients with
HCC were evaluated at the Liver Center of Huntington
Medical Research Institutes in Pasadena, California. Of
these patients, 108 were referred by their family physi-
cians with a prior diagnosis of HCC; these patients
comprised the no-surveillance group. In the remaining
58 patients, HCC was detected through surveillance
using serum alpha-fetoprotein (AFP) testing and abdomi-
nal ultrasound examinations. In HBsAg-positive inactive
carriers (defined as patients who were negative for hepa-
titis B e antigen [HBeAg], had an alanine aminotransfer-
ase [ALT] level <40 U/L, and had an HBV DNA level
<10,000 copies/mL), surveillance tests were performed
every 6—12 months. In patients with chronic hepatitis or
cirthosis, AFP testing and abdominal ultrasound exami-
nation were performed every 6 months. Since 1991, the
minimal surveillance interval was 12 months.!! Inactive
carriers were seen less frequently, while patients with
chronic hepatitis and cirrhosis had return visits every
3—6 months; the HCC surveillance intervals coincided
with scheduled clinic visits. All patients in the surveil-
lance group had compensated liver disease at the time
of HCC detection. If the serum AFP level was elevated
above the upper limit of normal (10 ng/mL) or if a liver
lesion was observed on ultrasound examination, further
diagnostic studies were performed, including a computed
tomography (CT) scan, magnetic resonance imaging
(MRI), and/or a biopsy of the lesion. All HCC patients
underwent baseline laboratory tests that measured platelet
counts and levels of serum albumin, total bilirubin, alkaline
phosphatase, aspartate aminotransferase (AST), ALT, AFD,
and HBeAg. Virologic markers—including precore A1896
mutation, basal core promoter T1762/A1764 mutation,
HBV genotype, and HBV DNA level —were measured as
previously described.'?

The number, location, and size of HCC lesions were
determined by either CT scan or MRI, and patients were
classified by the Milan criteria (single lesion <5 cm, maxi-
mum of 3 lesions with none >3 cm), by the University of
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California at San Francisco (UCSF) criteria (single lesion
<6.5 cm, maximum of 3 lesions with none >4.5 cm, or
a total tumor burden of <8 cm), and by the presence or
absence of macrovascular invasion.'*'* Large infiltrating
lesions without definite borders and tumors greater than
or equal to 10 cm in diameter were categorized as diffuse
HCC since both presentations have similar survival times.

All HCC patients were referred to academic centers
for surgical and/or locoregional therapies, which included
LT, surgical resection, radiofrequency ablation (RFA),
percutaneous ethanol injection (PEI), or transcatheter
arterial chemoembolization (TACE). If HCC patients
received more than 1 treatment, the patient was assigned
to a category based on the most definitive treatment; LT
was considered to be the most definitive treatment, fol-
lowed by resection, and then by locoregional therapies.
HCC patients who did not receive the above treatments
were offered chemotherapy or supportive care. The dates
of diagnosis, initial treatment, tumor progression, last
follow-up visit, and death were recorded for calculation
of overall survival.

Statistical Analyses

For descriptive analyses, the P-values for comparing con-
tinuous variables by surveillance were computed using the
Wilcoxon rank-sum test and the student # test. The chi-
square test was used to compare categorical variables by
surveillance. The variables for bilirubin, alkaline phospha-
tase, AST, ALT, HBV DNA, AFD, platelets, and creatinine
were log,, transformed prior to analysis in order to improve
normality/linearity. Unadjusted overall survival and
disease-free survival curves by surveillance and treatment
modalities were estimated using the Kaplan-Meier method
and compared by using the log-rank test. To determine
potential predictors of mortality and disease progression,
univariate and multivariate analyses were performed using
the Cox regression model. The backward stepwise proce-
dure with significance defined as a P-value less than .25
was used as the retention criteria. Analyses were conducted
using SAS version 9.2 (SAS Institute Inc.), and the level of
significance was defined as a 2-sided P-value less than .05.

Results

Between 1981 and 2010, 166 HBsAg-positive patients
with HCC were evaluated in our clinic. Patients’ average
age was 56.7 years (range, 6-86 years), and 81.9% of
patients were male (Table 1). The sex and age distribu-
tions of the study participants are shown in Figure 1. A
majority of male patients were 41-70 years of age; among
female patients, one third of cases occurred in individuals
over the age of 70 years. Indeed, male HCC patients pre-
sented at a younger age than females (55.4+13.4 years vs

35 35

35 - H Male 34
30 1 M Female

Number of patients
N
o

<20 21-30 31-40 41-50 51-60 61-70 >70
Age (years)

Figure 1. Sex and age distribution of 166 HBsAg-positive
patients with hepatocellular carcinoma.

HBsAg=hepatitis B surface antigen.

62.6213.2 years; P=.008). A total of 154 (92.8%) patients
were Asian; of these patients, 150 (97.4%) were born
outside of the United States. A family history of HBsAg
positivity was reported in 50.7% of patients, and a family
history of HCC was reported in 26.6% of patients. Cirrho-
sis occurred in 117 of 166 (70.5%) HCC patients. Baseline
laboratory and virologic test results are shown in Table 1.
A baseline AFP level greater than 10 ng/mL was observed
in 111 of 156 (71.2%) patients; the mean AFP level in
these patients was 51,716+223,684 ng/mL.

HBeAg positivity occurred in 42 of 155 (27.1%)
patients, and serum HBV DNA was detectable in 113 of
151 (74.8%) HCC patients; the mean HBV DNA level
in these patients was 5.33+1.39 log,, copies/mL. Precore
A1896 mutations were detected in 52 of 112 (46.4%)
HCC patients, and basal core promoter T1762/A1764
mutations were present in 79 of 102 (77.5%) HCC
patients. Sixteen of 166 (9.64%) HCC patients were
treated by LT, 31 patients (18.7%) underwent surgical
resection, and 41 patients (24.7%) received locoregional
treatments.

In 58 of 166 (34.9%) patients, HCC was detected
by surveillance, while 108 (65.1%) patients presented
with a prior diagnosis of HCC (no surveillance). In the
surveillance patients, the mean time to development of
HCC was 5.8+5.2 years (95% confidence interval [CI],
4.5-7.2 years). Compared to patients detected by surveil-
lance, those who presented with a prior diagnosis of HCC
exhibited more symptoms—such as fatigue, weight loss,
and hepatomegaly (P=.002) —and had higher mean plate-
let counts and serum AST levels (P=.019 and P=.001,
respectively; Table 2). Serum AFP values were elevated
above the normal value (>10 ng/mL) in 57.1% of the
HCC patients detected by surveillance and in 79.6% of
the patients who presented with HCC (P=.004). Among
HCC patients with cirrhosis, 81% of those detected by
surveillance had Child-Pugh class A cirrhosis and 13.8%
had Child-Pugh class B cirrhosis; in the no-surveillance
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Table 1. Baseline Characteristics of HBsAg-Positive Patients with Hepatocellular Carcinoma (HCC; N=166)

group, 56.1% of cirthotic patients had Child-Pugh
class A cirrhosis and 36.4% had Child-Pugh class B cir-
thosis (P=.003). Also, more patients in the surveillance
group had tumors within Milan criteria and UCSF cri-
teria, while more patients in the no-surveillance group
presented with diffuse tumors (P<.001 for all compari-

Gastroenterology & Hepatology Volume 8, Issue 12 December 2012

Sex* AFP level (N=156)

Male 136 (81.9%) AFP <10 ng/mL* 45 (28.8%)

Female 30 (18.1%) AFP >10 ng/mL* 111 (71.2%)
Mean age (years)** 56.7+13.6 Mean AFP level in patients with an 51,716+223,684

Male 55.4+13.4 abnormal value (ng/mL)**

Female 62.6x13.2 HBeAg status (N=155)*

Race* Positive 42 (27%)
White 10 (6.0%) Negative 113 (73%)
e Amadtenm 2 (1.2%) Precore A1896 status (N=112)*

Asian 154 (92.8%) Wild 60 (53.6%)
Chinese 110 (66.3%) Mutant 52 (46.4%)
Korean 21 (12.7%) Basal core promoter T1762/A1764 status (N=102)*
Vietnamese 10 (6.0%) Wild 23 (22.5%)
Filipino 7 (4.2%) Mutant 79 (77.5%)
Other 6 (3.6%) Genotype (N=105)*

Birthplace* A 7 (6.7%)
United States 16 (9.6%) B 23 (21.9%)
Outside of the United States 150 (90.4%) C 72 (68.6%)

Family history of HBsAg positivity (N=148)* D 1 (1.0%)

Yes 75 (50.7%) Mixed 2 (1.9%)

o 73 (49.3%) HBV DNA status (N=151)

Family history of HCC (N=154)* Positive® 113 (74.8%)
Yes 41 (26.6%) Negative* 38 (25.2%)
e 113 (73.4%) HBV DNA level in patients who are 5.33+1.39

Cirrhosis* positive (log,, copies/mL)**

Yes 117 (70.5%) Treatment*

No 49 (29.5%) Liver transplantation 16 (9.64%)
Mean albumin level (g/dL)** 3.65+0.72 Resection 31 (18.67%)
Mean total bilirubin level (mg/dL)** 1.9+3.0 Locoregional treatment 41 (24.70%)
Mean alkaline phosphatase level 168.7+£168.5 Chemotherapy 12 (7.23%)
(U/Ly™ Supportive treatment 66 (39.76%)
Mean AST level (U/L)** 117.3+143.2 “Number of patients (9%). *Meansstandard deviation.

Mean ALT level (U/L)™ 1B AFP=alpha-fetoprotein; ALT=alanine aminotransferase; AS T=aspartate amino-

Mean platelet count (x10,000/mm?)** | 188.4+122.6 transferase; HBeAg=hepatitis B ¢ antigen; HBsAg=hepatitis B surface antigen;

Mean creatinine level (mg/dL)** 1.1+£0.6 FIBV=heparis B virus

sons). More patients in the surveillance group received LT,
while more patients who presented with HCC received
supportive care only (P=.02). The 1-year, 2-year, and
3-year overall survival rates were significantly higher in
the surveillance group compared to the no-surveillance
group (P=.003; Table 2 and Figure 2A).
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Table 2. Characteristics of Patients with Hepatocellular Carcinoma Detected by Surveillance Versus No Surveillance

Surveillance No surveillance P-value
Total number of patients* 58 (34.9%) 108 (65.1%)
Age (years)** 57.45+13.78 56.31+13.57 .610
Gender*
Male 51 (87.9%) 85 (78.7%) 141
Female 7 (12.1%) 23 (21.3%)
Symptoms at presentation* .002
Yes 24 (41.4%) 71 (65.7%)
No 34 (58.6%) 37 (34.3%)
Mean albumin level (g/dL)** 3.77+0.72 3.61+0.70 173
Mean total bilirubin level (mg/dL)** 1.6+3.10 2.0£2.9 270
Mean alkaline phosphatase level (U/L)** 129.6+84.4 189.9+197.1 .055
Mean AST level (U/L)** 92.5+169.3 130.7+125.8 .001
Mean ALT level (U/L)** 63.2£62.5 79.0£56.6 .110
Mean platelet count (x10,000/mm?3)** 159.6+£99.0 206.9+£132.9 .019
HBYV DNA level (log,, copies/mL)** 5.16£1.58 5.39+1.32 464
AFP level (N=159) .004
AFP <10 ng/mL* 24 (42.9%) 21 (20.4%)
AFP >10 ng/mL* 32 (57.1%) 82 (79.6%)
Mean AFP level in patients with an abnormal value (ng/mL)** 47,806.4+237,509.3 | 53,299.9+219,393.3 .083
HBeAg status (N=155)* 310
Bttt 13 (22.4%) 29 (29.9%)
Negative 45 (77.6%) 68 (70.1%)
Cirrhosis* 502
Yes 39 (67.2%) 78 (72.2%)
No 19 (32.8%) 30 (27.8%)
Child-Pugh score (N=165)* .003
A 47 (81.0%) 60 (56.1%)
B 8 (13.8%) 39 (36.4%)
C 3 (5.2%) 8 (7.5%)
Milan criteria (N=153)* <.001
Within 38 (70.4%) 26 (26.3%)
Outside 16 (29.6%) 73 (73.7%)
UCSF criteria (N=153)* <.001
Within 45 (83.3%) 30 (30.3%)
Outside 9 (16.7%) 69 (69.7%)
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Table 2. (Continued) Characteristics of Patients with Hepatocellular Carcinoma Detected by Surveillance Versus No Surveillance

Surveillance No surveillance P-value
Diffuse tumor (N=153)* <.001
Yes 1 (1.9%) 23 (23.2%)
No 53 (98.1%) 76 (76.8%)
Treatments*' .020
LT and LT + other? 11 (19.0%) 5 (4.6%)
Resection and resection + other? 13 (22.4%) 17 (15.7%)
Locoregional treatment alone® 14 (24.1%) 28 (25.9%)
Chemotherapy alone 3 (5.2%) 9 (8.3%)
Supportive treatment 17 (29.3%) 49 (45.4%)
Recurrence after treatment (N=88)* .031
Yes 14 (36.8%) 30 (60%)
No 24 (63.2%) 20 (40%)
Survival .003
At 1 year 68.00% 45.90%
At 2 years 46.10% 29.40%
At 3 years 38.60% 22.30%
Median survival (months) 18.7 9.5
*Total number of patients. **Meanzstandard deviation. 'In patients who reccived LT, resection, and locoregional therapies. ¥Any pre-LT treatment including resection,

radiofrequency ablation, percutaneous ethanol injection, transcatheter arterial chemoembolization, or chemotherapy. *Any pre-liver resection treatment including radio-

- . P . . . . Sc- . . ~ .
frequency ablation, percutaneous ethanol injection, transcatheter arterial chemoembolization, or chemotherapy. *Single treatment or a combination of locoregional treatments

including transcatheter arterial chemoembolization, radiofrequency ablation, and/or percutaneous ethanol injection.

AFP=alpha-fetoprotein; ALT=alanine aminotransferase; AST=aspartate aminotransferase; HBeAg=hepatitis B e antigen; HBV=hepatitis B virus; LT=liver transplantation;

UCSF=University of California at San Francisco.

A comparison of patient survival by surveillance
and treatments is shown in Figure 2B. Group 1 included
patients with HCC detected by surveillance who received
treatment, group 2 included patients who presented with
HCC (no surveillance) and received treatment, group 3
included patients with HCC detected by surveillance who
did not receive treatment, and group 4 included patients
who presented with HCC (no surveillance) and did
not receive treatment. A significant increase in survival
was noted when group 1 was compared to groups 2, 3,
and 4 (P=.028 to P<.0001). An increase in survival was
also noted when group 2 was compared to group 3 or 4
(P<.0001 for both comparisons). However, groups 3 and 4
had similarly poor survival rates.

Table 3 shows a comparison of HCC patients whose
tumors were within Milan criteria, those whose tumors were
beyond Milan criteria, and those who presented with diffuse
tumors. Patients who presented with diffuse tumors were
younger in age (P=.002); more frequently male (P=.007);
had a lower mean albumin level (P=.018); and had higher

levels of total bilirubin, alkaline phosphatase, AST, ALT,
platelets, and AFP (P=.003 to P<.001). Compared to the
other 2 groups, patients who presented with diffuse tumors
had a higher mean HBV DNA level and were more fre-
quently HBeAg-positive (P=.054 and P=.017, respectively).
Also, more patients with diffuse tumors presented with
clinical symptoms (P<.001), a majority of these patients
received supportive care only (P<.001), and the median
survival in this group was only 1.68 months (P<.001;
Figure 2C). Figure 2D shows overall survival according to
treatment modality for all 166 HCC patients. Eighty-eight
of 166 patients (53%) received LT, resection, or locoregional
therapies. Patients who received LT had the highest survival
rate, followed by those who received resection, and then by
those who received locoregional interventions (P<.001).
Univariate and multivariate analyses of factors asso-
ciated with increased mortality are shown in Table 4.
On multivariate analysis, factors that were significantly
associated with mortality were presentation with diffuse

tumors (hazard ratio [HR], 6.3; 95% CI, 3.14-12.66;
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Figure 2A. Overall patient survival by surveillance versus no
surveillance.

Figure 2B. Overall patient survival by surveillance and treatment.
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Figure 2C. Overall patient survival by therapy.

P<.001), being outside Milan criteria (HR, 2.02; 95% CI,
1.26-3.23; P=.005), albumin level (HR per 1 standard
deviation decrease, 1.40; 95% CI, 1.15-1.72; P=.001),
AFP level (HR per log 1 standard deviation increase, 1.38;
95% CI, 1.13-1.67; P=.001), and receiving LT versus
resection, TACE, chemotherapy, or supportive treatments

(HR, 0.08-0.38; 95% CI, 0.03-0.87; P<.001 to P=.022).
Discussion

Approximately 400 million people are chronically infected
with HBV, and this virus is the most common cause of
HCC worldwide."® Case-control studies have shown that
HBV carriers have a 5-15-fold increased risk for HCC
compared to uninfected individuals.'® In the United
States, HBV infection accounts for up to 15% of all HCC
cases; reports from the United States show that 41-84%
of HBV-related HCC cases occur in Asians, 6-22% occur
in whites, and up to 14% occur in African Americans.*’
Among the Asian HBsAg-positive HCC patients in
this study, 97% were born outside of the United States,
where initial HBV infection may have taken place either
at birth (perinatal transmission from HBsAg-positive

Figure 2D. Overall patient survival by tumor burden.

carrier mothers) or during early childhood.? The observa-
tion that 51% of the Asian HCC patients in this study
had HBsAg-positive family members supports the role
of intrafamilial spread of HBV."” Moreover, up to 27%
of HCC patients in this study had blood relatives with
HCC, which suggests that a genetic predisposition to
HCC may exist within families.>"” In a case-control study
from the United States, individuals with chronic HBV
infection and a first-degree relative with liver cancer had a
significantly higher risk of developing HCC."®

Virologic factors have been associated with progression
to HCC. The basal core promoter T1762/A1764 mutation
and genotype C were frequently detected in HBV-related
HCC cases, and both have been verified as independent risk
factors for HCC development.’*** The most important
factor associated with progression to HCC is serum HBV
DNA level. In a prospective study of over 3,600 Taiwan-
ese men, a linear relationship was observed between the
titer of HBV DNA—from 10* copies/mL to more than
10® copies/mL—and increasing frequency of HCC devel-
opment.?’ Moreover, suppression of HBV DNA levels by
antiviral therapy significantly decreased the occurrence of

HCC.* Among the HCC patients reported in this study,
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Table 3. Characteristics of Patients with Hepatocellular Carcinoma by Tumor Burden

Within Milan criteria | Beyond Milan criteria | Diffuse tumors | P-value
Total number of patients* 64 (41.8%) 65 (42.5%) 24 (15.7%)
Age (years)** 59.7+11.7 56.0+14.7 49.0+11.6 .002
Gender* .007
Male 46 (71.9%) 57 (87.7%) 22 (91.7%)
Female 18 (28.1%) 8 (12.3%) 2 (8.3%)
Symptoms at presentation* <.001
Yes 23 (35.9%) 41 (63.1%) 21 (87.5%)
No 41 (64.1%) 24 (36.9%) 3 (12.5%)
Mean albumin level (g/dL)** 3.840.7 3.7+£0.7 3.420.6 .018
Mean total bilirubin level (mg/dL)** 1.0£0.7 2.0£2.5 4.2+6 <.001
Mean alkaline phosphatase level (U/L)** 113.9+64.4 192.9+218.2 269.9+183.9 <.001
Mean AST level (U/L)** 62+66.5 109.9+94.1 272.4+274.1 <.001
Mean AILT level (U/L)** 54+32 82+74.2 108.4+61.7 <.001
Mean platelet count (x10,000/mm?3)** 148.6+73.1 199.4+114.4 283.8+£193.1 <.001
HBYV DNA level (log,, copies/mL)** 3.2:2.8 4.212.6 4.9x1.9 .054
AFP level .003
AFP <10 ng/mL* 26 (40.6%) 15 (25.4%) 1 (4.3%)
AFP >10 ng/mL* 38 (59.4%) 44 (74.6%) 22 (95.7%)
Mean AFP level in patients with an abnormal 4,762.4+14,999 49,595+209,302 146,437£197,517 | .023
value (ng/mL)*™*
HBeAg status™ .017
Positive 21 (34.4%) 9 (14.3%) 7 (35%)
Negative 40 (65.6%) 54 (85.7%) 13 (65%)
Cirrhosis* 276
Yes 48 (75%) 42 (64.6%) 19 (79.2%)
No 16 (25%) 23 (35.4%) 5 (20.8%)
Child-Pugh score* .07
A 49 (76.6%) 42 (64.6%) 11 (45.8%)
B 13 (20.3%) 19 (29.2%) 10 (41.7%)
C 2 (3.1%) 4 (6.2%) 3 (12.5%)
Treatments*" <.001
LT and LT + other* 11 (17.2%) 5 (7.7%) 0 (0%)
Resection and resection + other? 19 (29.7%) 11 (16.9%) 0 (0%)
Locoregional treatment alone’ 23 (35.9%) 15 (23.1%) 2 (8.3%)
Chemotherapy alone 0 (0%) 10 (15.4%) 2 (8.3%)

Supportive treatment

11 (17.2%)

24 (38.9%)

20 (83.3%)

(1able continued on the following page.)
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Table 3. (Continued) Characteristics of Patients with Hepatocellular Carcinoma by Tumor Burden

Within Milan criteria | Beyond Milan criteria | Diffuse tumors | P-value
Survival
At 1 year 83.50% 54.70% 0%
At 2 years 65.60% 26.60% 0%
At 3 years 53.90% 20.00% 0%
Median survival (months) 40 14 1.68 <.001

*Total number of patients. **Meanzstandard deviation. 'In patients who received LT, resection, and locoregional therapies. j'Any pre-LT treatment including resection,

radiofrequency ablation, percutaneous ethanol injection, transcatheter arterial chemoembolization, or chemotherapy. *Any pre-liver resection treatment including

radiofrequency ablation, percutaneous ethanol injection, transcatheter arterial chemoembolization, or chemotherapy. *Single treatment or a combination of locoregional

treatments including transcatheter arterial chemoembolization, radiofrequency ablation, and/or percutaneous ethanol injection.

AFP=alpha-fetoprotein; ALT=alanine aminotransferase; AST=aspartate aminotransferase; HBeAg=hepatitis B e antigen; HBV=hepatitis B virus; LT=liver transplantation.

77.5% had basal core promoter mutations, 68.6% were
genotype C, and 74.8% had measurable levels of serum
HBV DNA.

Guidelines from the American Association for the
Study of Liver Diseases (AASLD) recommend that initial
HCC surveillance should be conducted in males over the
age of 40 years and in females over the age of 50 years.?
If these criteria were applied to the HBV-infected HCC
patients reported in this study, 11% of males and 20% of
females would have been excluded from HCC surveillance
(Figure 1). However, if the age limit for HCC surveillance
were lowered to 30 years for both males and females, then
the number of HCC patients excluded from surveillance
would be reduced to 2% for males and 0% for females.
In addition, lowering the age limit for HCC surveillance
to below 40 years would ensure that surveillance includes
the subgroup of younger noncirrhotic patients who may
have a propensity to develop HCC.*

During the past 2 decades, AFP testing and ultrasound
examination have been used as routine surveillance tests
for HCC detection. Serum AFP testing has low sensitivity
and specificity, since AFP levels may be elevated as a result
of either liver injury or HCC, and use of AFP testing has
been discouraged in recent AASLD guidelines.”? However,
the AFP test is relatively inexpensive and readily available.
Also, AFP levels are elevated in up to 70% of HCC cases; in
these patients, this test is a valuable tool for evaluating treat-
ment efficacy and detecting HCC recurrence. At present,
AFP testing is recommended for HCC surveillance in Asian
American patients with chronic HBV infection.”

Ultrasound examination is operator-dependent and,
in general, may not be as accurate in a community practice
setting as in an academic center. However, the cost of ultra-
sound examination is considerably less than that of more
accurate imaging techniques such as CT scans or MRI. A
recent report on HCC surveillance in a community hospital
showed that the smallest HCC detected using ultrasound

equipment in 1991 was 1 ¢m in diameter, which is compa-
rable to the accuracy of more recently acquired ultrasound
scanners."” Therefore, adequate training of persons perform-
ing ultrasound examinations is of utmost importance.

The goal of HCC surveillance is to detect small tumors
in patients with preserved liver function. There are few
reports on HCC surveillance in the United States. Previ-
ously, we conducted a prospective surveillance program in
patients with chronic viral hepatitis in which we performed
AFP testing at 6—12-month intervals and abdominal ultra-
sound examinations at least once during each 12-month
period." During a mean follow-up period of 35 months,
31 patients developed HCC: 18 patients had 1 lesion (with
a mean diameter of 3.5 cm), 6 patients had 2 or more
lesions, and 7 patients had diffuse lesions. During the time
period of the study, 4 patients received surgical resection,
8 patients underwent LT, and 9 patients received either
PEI or TACE. Neither the Barcelona criteria for resection
nor the Milan criteria for LT were established as the stan-
dard of care at the time this study was conducted. After a
mean of 16.7 months, 77% of patients had died, which
raised the issue that treatment after HCC detection may
have been inadequate.

Other reports have supported this observation. In a
randomized controlled trial of HCC surveillance in HBsAg-
positive patients in China, researchers used AFP testing to
identify patients with early-stage HCC, which was defined as
subclinical disease and tumors less than 5 cm in diameter.?®
No reduction in overall mortality was observed compared to
HCC patients who had not undergone surveillance, which
was thought to be because therapy for patients detected by
surveillance was ineffective. Another surveillance program
in Chinese HBV carriers detected small HCC tumors; the
mean tumor size was 3.02 cm.? In this report, the surgical
resection rate was low, and no clinical benefit was dem-
onstrated with early HCC detection. However, in a large
randomized controlled trial of HCC surveillance conducted
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Table 4. Univariate and Multivariate Analyses of Factors Associated with Mortality

Hazard ratio | 95% confidence interval | P-value
Univariate analysis
Age* 0.99 0.98-1.01 246
Sex (male vs female) 1.49 0.92-2.42 .107
Symptoms at presentation 2.24 1.56-3.22 <.001
HBeAg status 1.19 0.80-1.77 .384
Albumin level (g/dL)** 1.56 1.31-1.85 <.001
HBYV DNA level (copies/mL)’ 1.10 0.91-1.32 .338
Total bilirubin level (mg/dL)* 1.85 1.55-2.19 <.001
Alkaline phosphatase level (U/L)* 1.53 1.28-1.83 <.001
AST level (U/L)* 2.22 1.84-2.67 <.001
ALT level (U/L)" 1.55 1.30-1.86 <.001
Platelet count (x10,000/mm?>)* 1.13 0.92-1.39 252
Creatinine level (mg/dL)" 1.29 1.07-1.56 .008
AFP level (ng/mL)* 1.80 1.51-2.16 <.001
AFP above upper limit of normal (>10 ng/mL) 2.41 1.57-3.70 <.001
Cirrhosis 1.22 0.83-1.79 312
Surveillance 0.57 0.40-0.83 .003
Beyond versus within Milan criteria 2.44 1.62-3.67 <.001
Diffuse tumor versus within Milan criteria 16.77 9.08-30.96 <.001
HCC treatment
LT 0.27 0.13-0.54 <.001
Resection 0.40 0.25-0.64 <.001
RFA 0.24 0.13-0.47 <.001
TACE 0.57 0.38-0.84 .004
Chemotherapy 0.86 0.56-1.30 466
Supportive therapy 6.62 4.47-9.79 <.001
Multivariate analysis
Sex (male vs female) 1.45 0.90-2.64 112
Albumin level (g/dL)** 1.40 1.15-1.72 .001
ALT level (U/L)" 1.16 0.095-1.41 .148
AFP level (ng/mL)* 1.38 1.13-1.67 .001
Beyond versus within Milan criteria 2.02 1.26-3.23 .005
Diffuse tumor versus within Milan criteria 6.30 3.14-12.66 <.001
HCC treatment
LT versus resection 0.38 0.17-0.87 .022
LT versus RFA 0.83 0.25-2.80 .765
LT versus TACE 0.28 0.12-0.64 .002
LT versus chemotherapy 0.18 0.07-0.46 <.001
LT versus supportive therapy 0.08 0.03-0.18 <.001
*Per 1 year increase. **Per 1 standard deviation decrease. "Per log 1 standard deviation increase. *Compared to other treatments.

AFP=alpha-fetoprotein; ALT=alanine aminotransferase; AST=aspartate aminotransferase; HBeAg=hepatitis B e antigen; HBV=hepatitis B virus; HCC=hepatocellular

carcinoma; LT=liver transplantation; RFA=radiofrequency ablation; TACE=transcatheter arterial chemoembolization.
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in Shanghai, China, biannual AFP testing and abdominal
ultrasound examination identified patients with subclini-
cal and small HCC tumors who were able to receive either
resection or locoregional therapies.”® The 1-year, 3-year,
and 5-year survival rates were significantly higher in the
surveillance group, and the HCC mortality rate decreased
by 37%. Similarly, in a recent report on surveillance for
HCC in Asian American patients infected with HBYV,
more patients with smaller tumor burdens were identified
who were able to receive treatments, which significantly
improved survival."” In the current study, HCC patients
detected by surveillance were more likely to be within
Milan and UCSF criteria, more likely to receive HCC ther-
apies, and had improved survival rates compared to patients
who presented with HCC (no surveillance). Thus, detec-
tion of HCC by surveillance must be followed by referral to
medical facilities that can provide surgical and locoregional
treatments for HCC.

LT offers a potentially curative treatment for HCC,
and survival rates of over 70% after 3—4 years of follow-up
have been reported.’*® For patients with chronic HBV
infection, LT offers the best possible treatment modality
since this treatment removes cirrhotic livers containing
HBV-infected cells and potentially premalignant hepato-
cytes. Moreover, the use of hepatitis B immune globulin
and antiviral agents following LT prevents HBV reinfec-
tion in over 90% of transplant recipients.””** However,
because of organ shortages, LT is limited to a small per-
centage of HCC patients.

Surgical resection has remained a viable treatment
option in noncirrhotic patients with HCC and in patients
with well-compensated liver disease.® A recent report from
Hong Kong involving a predominantly HBV-infected
population showed that the 5-year overall survival and
disease-free survival rates after HCC resection were
55% and 35%, respectively.®* Recently, percutaneous RFA
in patients with lesions no larger than 3 c¢m in diam-
eter resulted in 1-year, 3-year, and 5-year survival rates of
95%, 69%, and 58%, respectively.*® In a randomized
controlled trial in Hong Kong, the 1-year, 2-year, and
3-year survival rates in patients who received TACE were
57%, 31%, and 26%, respectively; these rates were sig-
nificantly higher than survival rates in patients who did
not receive treatment (32%, 11%, and 3%, respectively).>
However, HCC recurrence is the main factor associated
with survival after treatment.>*3%>% In the current study,
tumors recurred in 44 of the 88 (50%) HCC patients who
received either surgical or locoregional treatments.

‘There are limitations to the current study, one of which
is that a majority of the HBV-infected HCC patients in this
study were Asian; therefore, it was not possible to evaluate
non-Asian HBsAg-positive HCC patients. In addition, this
was a single-center study, which may have introduced patient

selection and treatment biases. However, the HCC patients
in this study were of heterogeneous ethnic origins, they were
routinely referred to academic centers, and they had access to
the most up-to-date surgical and locoregional therapies.

Another limitation of this study is that our HCC
sample size may be too small for analyzing the effective-
ness of surveillance on survival. However, compared to
a large, population-based, surveillance study, our find-
ings—which show prolonged survival in HCC patients
treated in a community clinic—may be more relevant to
physicians who provide day-to-day care for HBsAg-posi-
tive patients, and these findings provide further evidence
supporting HCC surveillance in high-risk individuals.?®

Another limitation of the current study is that we did
not account for lead-time bias. However, our eatlier report
on HCC surveillance in HBsAg-positive patients did include
an adjusted lead-time bias interval, and this previous report
showed that surveillance identified patients with smaller
tumor burdens who had significantly prolonged survival
after receiving definitive therapies."” In a large HCC surveil-
lance trial of HBsAg-positive patients in China, lead-time
bias was not included in the analysis of survival.®

Finally, during the first 15 years of the study period,
fewer therapeutic options for HCC were available, even
when early HCC was detected by surveillance. During the
latter part of the study period, more effective treatment
options become available, and we were able to demon-
strate that both surveillance and definitive treatments are
necessary for patient survival (Figure 2B).

Conclusion

HCC in HBsAg-positive patients remains an important
health issue, especially in Asian Americans. Since a major-
ity of HCC patients are born outside of the United States,
HCC will continue to be prevalent among immigrants from
countries where HBV is endemic. Routine surveillance for
HCC must be advocated for all HBsAg-positive patients;
in order to improve survival, effective treatment modalities
must also be available after HCC detection. Thus, referral
of HCC patients to centers where surgical and locoregional
therapies are available is strongly recommended.

Ms. Daniela Markovic performed the statistical analysis for
the study. Onyx Pharmaceuticals provided partial funding
toward the cost for statistical analysis. This manuscript is
dedicated to the memory of William G. Corey, MD.
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