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Abstract:

Background  Patients with chronic hepatitis B virus (HBV) infection
are at risk for death from complications of liver disease and develop-
ment of hepatocellular carcinoma (HCC). To identify the time course
and risk factors associated with these events, we conducted a prospec-

tive study in chronic hepatitis B patients referred to our clinic.

Methods From January 1989 to March 1998, 400 hepatitis B surface
antigen (HBsAg)-positive patients were classified into three categories:
inactive carriers (N=110), chronic hepatitis (N=151), and cirrhosis
(N=139). These patients were observed at 3- to 6-month intervals
with liver tests, alpha-fetoprotein (AFP) levels, and ultrasound exami-
nations. The study endpoints were death from liver disease complica-
tions and development of HCC.

Results  The patients were followed for a mean time (+ SD) of 83.6 =
39.6 months. During this period, no liver-related deaths or HCC were
noted in inactive carriers. However, 38 of 139 (27.3%) patients with
cirrhosis died from non-HCC-related liver complications. Multivari-
ate analysis demonstrated that male sex (odds ratio [OR] 5.9; 95%
confidence interval [Cl], 2.0-22.6; P=.003), decreased initial serum
albumin (OR 69.1; 95% Cl, 11.5-486.4; P=.0009), low platelet count
(OR 8.8; 95% Cl, 0.96-92.9; P=.05), and presence of cirrhosis (OR
14.2; 95% Cl, 3.4-111.8; P=.0009) were independently associated
with increased mortality from chronic hepatitis B. During the same
time period, nine of 151 (6.0%) chronic hepatitis patients and 22 of
139 (15.8%) patients with cirrhosis developed HCC. By multivariate
analysis, progression to HCC was associated with advanced age (OR
19.7; 95% Cl, 1.9-231.9; P=.01) and presence of cirrhosis (OR 3.6;
95% ClI, 1.6-8.9; P=.003). Patients positive for hepatitis B early anti-
gen (HBeAg) and HBeAg antibodies experienced liver-related deaths

and developed HCC at similar rates.
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Conclusions  This prospective study from the United

States confirms previous observations of the high risk of
mortality and development of HCC in patients infected
with HBV. To decrease the risk of these complications,
antiviral therapy should be initiated early in the course
of the disease. In addition, surveillance for HCC must be
performed at least every 6 months in patients with chronic

hepatitis and cirrhosis.

epatitis B virus (HBV) infection is a significant
Hhealth problem and ranks as the 10th leading

cause of death worldwide. It is estimated that
there are 2 billion persons with past or present HBV expo-
sure. Worldwide, up to 400 million people are currently
infected with HBV, and complications arising from this
chronic viral illness account for over 1 million deaths per
year.! In the United States, there are 1.2 million persons
with chronic hepatitis B infection, and this number may
rise due to increasing immigration of individuals from
countries with high HBV prevalence.? In these countries
the most common modes of HBV acquisition are mater-
nal-infant transmission from hepatitis B surface antigen
(HBsAg)-positive carrier mothers and HBV exposure
during early childhood.

Chronic infection by HBV can lead to varied clinical
outcomes. Some individuals may remain inactive car-
riers of HBV while others develop chronic hepatitis.
Thereafter, a proportion of chronic hepatitis B patients
will either progress to cirrhosis leading to death from liver
decompensation or eventually develop hepatocellular car-
cinoma (HCCQC). It is estimated that 15-40% of patients
with hepatitis B will develop cirrhosis, liver failure, or
HCC.? The reasons for the differences in outcome remain
unclear. Thus, predictors of eventual progression to death
and to HCC need to be identified. Viral factors may play
a major role in determining clinical outcome in patients
with chronic hepatitis B. A report from Taiwan indicated
that hepatitis B early antigen (HBeAg) positivity was asso-
ciated with an increased risk for HCC.* During a 9-year
follow-up, the relative risk (RR) for HCC was 9.6 among
men who were positive for HBsAg alone and 60 among
those who were positive for both HBsAg and HBeAg,.

In the present study, the long-term follow-up of
400 patients who presented to our clinic with chronic
hepatitis B is described. The study endpoints were death
from complications of chronic liver disease or progression
to HCC. Odds ratios (ORs) were used to identify signifi-

cant factors leading to these endpoints.

Methods

Patients

From January 1989 to March 1998, 400 HBsAg-posi-
tive patients were enrolled in a prospective study. At least
1 year of follow-up was required to remain in the study.
Patients who were positive for hepatitis C virus or HIV, or
had a history of chronic alcoholism or other chronic liver
diseases were excluded. During the initial clinic visit, liver
tests and complete blood counts were obtained from all
patients. After further evaluation, patients were classified
as follows:

1. Inactive carriers (N=110). These patients had no
symptoms or signs of chronic liver disease and had
normal liver tests and normal platelet counts. Because
of a lack of abnormal findings, liver biopsies were not
requested in this group of patients.

2. Chronic hepatitis (N=151). During the initial visit,
these HBsAg-positive patients presented with elevated
serum aminotransferase levels. All 151 patients had
liver biopsies to determine the histologic grade (1-3)
and stage (1-3) of their chronic hepatitis.

3. Cirrhosis (N=139). These patients presented with
abnormal liver tests and had clinical stigmata of
chronic liver disease. Liver biopsies were obtained in
all 139 patients confirming the presence of cirrhosis

(grades 3—4, stage 4).

All liver biopsies were interpreted by hospital
pathologists and reviewed by one author (M]JT). The
scale reported by Ishak and colleagues was used for liver
tissue interpretation.’

Laboratory Tests

At baseline and every 3—6 months thereafter, all patients
had complete blood counts and liver function tests that
included serum albumin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and total bili-
rubin. Serum alpha-fetoprotein (AFP) was tested every
12 months in inactive carriers and every 6 months in
patients with chronic hepatitis and cirrhosis. HBeAg and
HBeAg antibodies (anti-HBe) were measured at baseline
using commercially available kits (Abbott Laboratories).

HCC Surveillance

To screen for HCC, abdominal ultrasound examinations
were performed every 12 months in inactive carriers and
every 6 months in patients with chronic hepatitis and cir-
rhosis. If serum AFP was elevated or if a lesion was noted
on abdominal ultrasound, further studies including com-
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puted tomography scan, magnetic resonance imaging, or
biopsy of the liver lesion were used to detect HCC.

Follow-up
All patients were followed in our clinic and observed for
death or for development of HCC. The last date of fol-
low-up was July 2005. In this study, patients who received
liver transplantation either for liver decompensation or for
HCC were counted as deaths. In patients who were lost to
follow-up, death records from the Liver Cancer Registry
at the University of Southern California were reviewed.
In addition, mortality records from the State of California
were matched for patients who were lost to follow-up. No
additional deaths were found in the latter records.
During the late 1980s to the early 1990s,
22 patients—nine with chronic hepatitis and 13 with
cirrhosis—received 16-week courses of interferon treat-
ment. Among the nine patients with chronic hepatitis,
one patient subsequently died from gastric cancer and
the other eight are still alive as of this report. Of the
13 patients with cirrhosis who were treated with 16 weeks
of interferon, seven are still alive as of this report and
six subsequently died (two developed HCC, one received
a liver transplant, and three died from non-HCC-related
liver deaths). Thus, the short course of interferon did not
appear to influence the course of chronic hepatitis B.

Statistical Analysis
All statistical significance was assessed at the 0.05 level.
Baseline data were descriptively summarized, and assess-

ment of differences was completed by using the analysis of
variance with post-hoc pair-wise Student # tests for para-
metric data and chi-squared methods for nonparametric
data. Means and standard deviations were computed for
all continuous data. Categorical data were summarized by
using frequencies. All variables found to be significant by
univariate analysis were subjected to multivariate analysis
utilizing step-wise logistic regression. Analysis of survival
was completed using the Kaplan-Meier analysis. The OR
is defined as previously described.®

Results

Baseline Characteristics

The mean follow-up time for all patients was 83.6 +
39.6 months. There were 282 males (70.5%), and the
mean age at recruitment was 48.4 + 15 years; 314 patients
(78.5%) were Asians. Seventy percent of patients were born
in Asia and 24% in North America. The baseline labora-
tory tests in inactive carriers, chronic hepatitis patients,
and cirrhosis patients are shown on Table 1. During the
initial clinic visit, patients with cirrhosis had significantly
higher mean serum bilirubin, AST, and ALT values, and
lower mean albumin and platelet levels than inactive
carriers (P<.0003 for all observations). A total of 197 of
396 (49.7%) patients were HBeAg-positive and 189 of
383 (49.3%) patients were anti-HBe. More patients with
chronic hepatitis were HBeAg-positive (63.6%), and anti-
HBe was detected more frequently in the inactive carriers
(75.0%; P<.0001 for both observations). Compared to

Table 1. Baseline Characteristics in Patients With Chronic Hepatitis B Virus Infection

Inactive Carrier Chronic Hepatitis Cirrhosis P Value*

N 110 151 139 =

Mean age, yr 412+ 16.0 455+ 137 55.2 + 12.7 <0001
Male, n 51 (46.4%) 113/151 (74.8%) 118 (84.9%) <.0001
Asian, n 98 (89.1%) 118/151 (78.1%) 98 (70.5%) <.001
Mean follow-up time, mo 63.6 +49.4 77.8 £ 69.1 52.5 +45.3 =

Albumin, mg/dL 44+04 4.2+0.6 3.7+0.7 <.0001
AST, U/L 21.5+12.0 41.6 £ 25.1 61.8+95.8 <.0001
ALT, U/L 22.4+16.5 61.8 +60.1 68.5 +80.3 <.0001
Total bilirubin, mg/dL 0.5+0.2 0.5+0.3 0.7 +0.7 .0003
Platelets, x 10*/mm? 223 +10? 166 + 96 88 + 81 <.0001
HBeAg-positive 28/106 (26.4%) 96/151 (63.6%) 73/138 (52.9%) <.0001
Anti-HBe 75/100 (75.0%) 53/144 (36.8%) 61/137 (44.5%) <.0001

* Patients with cirrhosis versus inactive carriers; % test used for all variables.

ALT = alanine aminotransferase; anti-BHe = antibodies to HBeAg; AST = aspartate aminotransferase; HBeAg = hepatitis B early antigen.
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Table 2. The Clinical Outcomes of 400 Patients With
Chronic Hepatitis B Virus Infection

Inactive | Chronic Total
Carrier | Hepatitis | Cirrhosis | Deaths
N 110 151 139 -
Developed
HCC 0 9 22 -
HCC deaths 0 9 20 29
Non-HCC
liver-related 0 0 39 38
deaths
Non-liver-
related deaths ! . 0 £
Total deaths 1 12 59 71
n (%) (0.9%) (7.9%) (42.4%) | (17.8%)

HCC = hepatocellular carcinoma.

anti-HBe patients, HBeAg-positive patients were younger
(mean age 45.2 + 15.9 yr vs 49.9 + 13.7 yr; P=.002), and
more males than females were HBeAg-positive (53.9%
vs 40.2%; P=.01). HBeAg-positive patients had higher
initial serum ALT levels than the anti-HBe patients (63.9
+ 63.4 U/Lvs 43.4 + 63.5; P=.001).

Non—HCC-Related Deaths

During follow-up, there were four deaths from non-liver-
related causes (Table 2). One inactive carrier died
from pneumonia. In the chronic hepatitis group, one
patient died of gastric cancer, one died of colon cancer,
and another died from pneumonia. Thirty-eight of
139 (27.3%) patients with cirrhosis died from non-HCC
liver-related causes, including liver failure in 27 patients,
bleeding esophageal varices in seven, and sepsis in four. In
comparing the 38 patients who died from non-HCC liver-
related deaths to those who did not, univariate analysis of
baseline variables showed that older age, male sex, Asian
race, baseline levels of bilirubin, AST, ALT, albumin, and
platelets, and presence of cirrhosis were associated with
non-HCC liver-related deaths (Table 3). Multivariate
analysis showed that sex (OR 6.52, 95% confidence inter-
val [CI], 2.02—63.11; P=.01), baseline albumin level (OR
340; 95% CI, 32.41-5086.2; P=.0001), platelet count
(OR 265 95% CI, 1.34-950.04; P=.04), and cirrhosis
(OR 7.34;5 95% CI, 1.26-69.56; P=.05) were indepen-
dent predictors for non-HCC liver-related deaths.

HCC Development

During follow-up, HCC did not appear in the inac-
tive carriers. However, HCC developed in nine of
151 (6%) patients with chronic hepatitis and in 22 of
139 (15.8%) patients with cirrhosis (Table 4). In compar-

ing the 31 patients who developed HCC to those who did
not, univariate analysis of baseline variables showed that
older age, male sex, serum albumin, platelet counts, and
presence of cirrhosis were associated with development of
HCC (Table 4). On multivariate analysis, age (OR 19.7;
95% CI, 1.92-231.96; P=.01) and cirrhosis (OR 3.6; 95%
CI, 1.6-8.9; P=.003) were independent predictors for
HCC development. Patients who were HBeAg-positive or
anti-HBe at baseline developed HCC at similar rates.

All Deaths

There were 71 deaths during the course of this study. Four
patients died of non-liver-related causes, and the remain-
ing patients died either from complications of liver disease
(N=38) or from HCC (N=9). In comparing all patients
who died with those who were alive, univariate analysis
showed that older age, male sex, baseline levels of albu-
min, AST, ALT, bilirubin, and platelets, and presence of
cirrhosis were associated with hepatitis B—related deaths
(Table 5). On multivariate analysis, sex (OR 5.9; 95%
CI, 2.0-22.6; P=.003), albumin level (OR 69.1; 95% CI,
11.5-486.4; P<.0001), platelet count (OR 8.8; 95% CI,
0.96-92.9; P=.05), and presence of cirrhosis (OR 14.2;
95% CI, 3.4-111.8; P=.0009) were independent predic-
tors of death from chronic hepatitis B infection. HBeAg-
positive and anti-HBe patients died at similar rates. The
cumulative survival of all patients by clinical category is
shown in Figure 1.

Discussion

Several distinct differences were noted in patients with
chronic HBV infection who presented to our clinic. The
inactive carriers were younger in age than those with
cirthosis and, unlike patients with chronic hepatitis or
cirrhosis, in which males predominated, the ratio of male
to female patients among the inactive carriers was similar.
Also, 75% of the inactive carriers were already anti-HBe
positive at the time of presentation. During a mean fol-
low-up of 9 years, these inactive carriers had persistently
normal liver tests, spontaneous reactivation of HBV was
not detected, and none developed HCC. Even though the
risk for HCC is low in inactive carriers, yearly surveillance
for development of HCC is still recommended.” Thus,
inactive carriers appear to follow a benign clinical course
and have an excellent prognosis.

Patients with chronic hepatitis had the highest
HBeAg-positivity rate (64%), and all presented with ele-
vated serum transaminase levels. These findings indicate
that these chronic hepatitis patients were in the immune
clearance phase of hepatitis B.> Because of increased
hepatic inflammatory activity, patients with chronic hepa-
titis have a higher probability of progression to cirrhosis
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Table 3. Univariate Analysis for Factors Associated With Non-HCC Liver-Related Deaths
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Non-HCC

Alive Liver-related Deaths P Value
Mean age, yr 45.5 + 14.7 57.7 £12.3 <.0001
Male, n 213/326 (65.3%) 37139 (94.9%) <.0001
Asian, n 264/326 (81.0%) 22/39 (54.4%) <.001
Mean albumin, mg/dL 4.27 £ 0.45 3.41 £ 0.66 <.0001
Mean AST, U/L 37.1 £ 36.6 83.1 + 149.7 <.0001
Mean ALT, U/L 50.4 +58.9 77.6 £ 104.1 .01
Mean bilirubin, mg/dL 0.54 + 0.35 0.93 £ 0.97 <.0001
Mean platelets x 10°/mm? 170.8 + 106.6 69.5 £ 64.9 <.0001
HBeAg-positive, n/total 159/183 (86.9%) 15/178 (8.4%) .15
Anti-HBe, n/total 152/167 (91.0%) 24/180 (13.3%) .36
Tnactive carriers, n/total 109/110 (99.1%) 0/110 (0.0%) <0001

Chronic hepatitis, n/total

140/143 (97.9%)

0/143 (0.0%)

Cirrhosis, n/total

771116 (66.4%)

39/116 (33.6%)

ALT = alanine aminotransferase; anti-BHe = antibodies to HBeAg; AST = aspartate aminotransferase; HBeAg = hepatitis B early antigen;

HCC = hepatocellular carcinoma.

Table 4. Univariate Analysis for Factors Associated With Development of HCC

No HCC HCC PValue
Mean age, yr 46.9 + 14.9 57.4 + 14.8 .0002
Male, n 254/369 (68.8%) 28/31 (90.3%) .006
Asian, n 288/369 (78.0%) 26/31 (83.9%) .002
Mean albumin, mg/dL 4.16+0.58 3.62 +1.02 <.0001
Mean AST, U/L 42.4+62.9 50.9 £24.3 46
Mean ALT, U/L 53.6 + 66.2 51.1 +22.9 .84
Mean bilirubin, mg/dL 0.59 + 0.48 0.74 + 0.65 11
Mean platelets, x 10*/mm? 158.5 + 107.8 101.7 + 89.7 .008
HBeAg-positive, n/total 185/197 (93.9%) 12/197 (6.1%) 26
Anti-HBe, n/total 170/189 (89.9%) 19/189 (10.1%) 11
Inactive carriers, n/total 110/110 (100%) 0/110 (0%) -
Chronic hepatitis, n/total 142/151 (94.0%) 9/151 (6.0%) -
Cirrhosis, n/total 117/139 (84.2%) 22/139 (15.8%) <.0001

ALT = alanine aminotransferase; anti-BHe = antibodies to HBeAg; AST = aspartate aminotransferase; HBeAg = hepatitis B early antigen;

HCC = hepatocellular carcinoma.
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Table 5. Univariate Analysis for Factors Associated With
All Deaths
Alive Dead PValue
Mean age, yr 457 +14.8 | 56.8 +13.3 <.0001
216/329 66/71
Male, n (65.6%) (92.9%) <.0001
. 266/329 48/71
Asian, n (80.8%) | (67.6%) 013
Mean albumin, |, 55 49 | 3494084 | <0001
mg/dL
Mean
AST, U/L 37.2+36.6 | 70.5+117.9 <.0001
Mean
ALT, U/L 50.3 + 58.6 67.5 £ 82.9 .04
Mean bilirubin, | o 5/ 35 | 0874087 | <0001
mg/dL
Mean platelets, | 170, 197 | 79273 <0001
x 10°/mm?
HBeAg positive, 158/197 39/197 41
n/total (80.2%) (19.8 %) ’
Anti-HBe, 166/198 32/198 85
n/total (83.8%) (16.2%) ’
Inactive carriers, 109/110 1/110
n/total (99.1%) (0.9%) )
Chronic 139/151 12/151 )
hepatitis, n/total (92.1%) (7.9%)
Cirrhosis, 81/139 58/139 0001
n/total (58.3%) (41.7%) =

ALT = alanine aminotransferase; anti-BHe = antibodies to HBeAg;
AST = aspartate aminotransferase; HBeAg = hepatitis B early antigen.

and to eventual development of HCC than the inactive
carriers. Previous studies have shown that after anti-HBe
seroconversion, up to two thirds of patients with chronic
hepatitis may revert to the inactive carrier state, while the
remainder progress to anti-HBe chronic hepatitis.>’ In
our patients with cirrhosis, 45% already were anti-HBe
at presentation to the clinic, and thus may have had
liver disease progression as a result of anti-HBe chronic
hepatitis. However, the other 53% of the patients were
still HBeAg-positive at the first clinic visit, indicating that
cirrhosis may develop regardless of HBeAg status.

The highest complication rate occurred in the
139 patients who presented with cirrhosis. During fol-
low-up, 57 (41%) developed serious liver-related com-
plications and 38 (27%) died from liver failure, bleeding
esophageal varices, or sepsis. Thus, our annual rate of
non-HCC liver-related deaths was 3.9% and is similar to
rates (2.4—4%) reported in other studies.'®'" At baseline,

7-year Survival
100
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£
S |
s 60
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€
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10
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Figure 1. The cumulative survival of patients with chronic

hepatitis B infection by clinical categories.

these patients already had laboratory tests indicative of
poor synthetic function (low albumin), continual inflam-
mation (elevated AST and ALT), and portal hypertension
(low platelets). Logistic regression analysis showed that ele-
vated baseline levels of bilirubin and lower platelet counts
were independently predictive of liver deaths in patients
with cirrhosis. In this analysis, neither initial HBeAg nor
anti-HBe status was associated with liver-related deaths.
However, a study from Europe indicated that HBeAg
positivity was associated with worse survival,'” and the
risk of death decreased 2.2-fold after HBeAg seroconver-
sion.’” Nevertheless, chronic inflammation caused by the
host immune response to active viral replication appears
to be responsible for non-HCC liver-related deaths.

During follow-up, nine of 151 (6%) chronic hepatitis
patients developed HCC at an annual rate 0of 0.9%. In our
patients who presented with cirrhosis, 22 of 139 (16%)
developed HCC at an annual rate of 2.3% per year. These
findings are similar to HCC incidence rates of 1.5-3.8%
in Europe'' and rates of 0.7— 2.2% in Asia.'"*" In a sur-
veillance study reported previously from our clinic, HCC
developed in seven of 163 (4.3%) HBsAg-positive patients
over a 7-year period.'® In the subset of patients with cir-
thosis, seven of 40 (17.5%) developed HCC. Serum AFP
was elevated in 74% of HCC patients while abdominal
ultrasound detected all the cases of HCC, demonstrating
that ultrasound examination is more accurate in detecting
HCC. Therefore, because of poor predictive value and
low sensitivity, serum AFP should not be used as the only
test for screening and surveillance for HCC.

Asian Americans comprised up to 80% of the patients
who were referred to our liver clinic, and over 70% of
these patients were immigrants to the United States. The
prevalence of HBV markers in Asian Americans include
rates of 5-15% for HBsAg positivity and 43-66% for

presence of HBV antibodies."” In an earlier hepatitis B
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study from the United States initiated in the 1970s, only
13% of patients were of Asian origin,'® reflecting the fact
that the Asian American population was smaller at that
time. HBV-related death rates were similar to the report
herein, but development of HCC appeared to be signifi-
cantly less frequent.”

The limitations in this study include the small num-
ber of liver biopsies in the 110 inactive carriers. Seven of
these patients presented with liver biopsies performed
prior to referral to our clinic, and all showed minimal or
no liver damage. Because these patients had normal liver
tests and were without signs or symptoms of liver disease
at presentation, we did not feel it was ethical to request
liver biopsies. In support of this, the inactive carriers in
our study had consistently normal liver tests and plate-
let counts during follow-up, and none developed liver
complications or HCC. Also, this study described only
laboratory tests performed at the time of presentation
to our clinic. It is well known that patients with chronic
hepatitis B experience exacerbations and remissions,
which are usually accompanied by abnormal liver tests.
However, our primary endpoints in this study were either
death from liver disease or development of HCC, and
our aim was to identify commonly measured tests at the
time of presentation to the clinic which may predict these
serious outcomes. Recently, other hepatitis B viral factors
have been described, such as HBV genotypes, precore and
core promoter mutants, and serum HBV DNA levels.
These viral factors may play important roles in the natural
history of chronic hepatitis B. Such studies are now in
progress in our clinic.

In summary, this study of hepatitis B patients showed
that death from non-HCC liver-related complications
only occurred in patients with cirrhosis, while HCC devel-
oped both in patients with chronic hepatitis or cirrhosis.
Therefore, surveillance for HCC with AFP and abdominal
ultrasound must be performed in patients with chronic
hepatitis or cirrhosis at least every 6 months."” Since HCC
seldom occurs in inactive carriers, surveillance should be
less often but still should be conducted annually.
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