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Impact of Long-Term Tenofovir Disoproxil Fumarate on
Incidence of Hepatocellular Carcinoma in Patients With
Chronic Hepatitis B
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BACKGROUND: Efficacy trials have shown that antiviral therapy improves the outcomes of patients with chronic hepatitis B virus
(HBV) infection. However, prospective data regarding the effect of antiviral therapy on the incidence of hepatocellular carcinoma
(HCC), especially among patients without cirrhosis, are limited. The authors examined the impact of tenofovir disoproxil fumarate
(TDF) on the incidence of HCC using a validated prediction model. METHODS: The incidence of HCC in patients treated with TDF
was obtained in the pivotal TDF registration studies after 384 weeks of follow-up. The predicted risk of HCC in individual patients
was calculated using the Risk Estimation for Hepatocellular Carcinoma in Chronic Hepatitis B (REACH-B) model, which estimates
HCC incidence for up to 10 years based on age, sex, alanine aminotransferase level, hepatitis B e antigen status, and HBV-DNA.
Standardized incidence ratios (SIRs) were calculated comparing the observed and predicted numbers of HCC cases in the study
cohort. RESULTS: Among 634 patients with evaluable baseline biopsies, 152 had cirrhosis (Ishak fibrosis score of 5 or 6) and 482 did
not. During the 384 weeks of study, 14 cases of HCC were reported, with 4 occurring within the first year. The incidence of HCC was
0.37% per year in the study as a whole (0.28% among patients without cirrhosis and 0.65% among patients with cirrhosis). Among
patients without cirrhosis, the observed incidence of HCC was significantly lower than predicted (SIR, 0.40; 95% confidence interval,
0.199-0.795). The last HCC case in a patient with cirrhosis occurred around week 192 with an SIR of 0.51 (95% confidence interval,
0.231-1.144) reported at week 384. CONCLUSIONS: Based on the REACH-B risk calculator, long-term therapy with TDF was associated
with a reduced incidence of HCC among patients without cirrhosis who met treatment criteria. Cancer 2015;121:3631-8. © 2075 Ameri-
can Cancer Society.
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INTRODUCTION

With approximately 240 million individuals with chronic infections globally, hepatitis B virus (HBV) is a leading cause of
chronic liver disease, cirrhosis, and hepatocellular carcinoma (HCC)."* Despite widespread implementation of universal
vaccination, chronic hepatitis B (CHB) continues to be a major public health problem.

In a given patient, factors including male sex, presence of cirrhosis, diabetes, environmental exposures (eg, alcohol,
smoking, and aflatoxin), and family history affect HCC risk.” In recent data, HBV-DNA levels, hepatitis B ¢ antigen
(HBeAg) status, and HBV genotype were reported to be associated with HCC development,” with the presence of cirrho-
sis and high HBV-DNA levels considered major drivers of HCC risk.”>®” In light of the variability of HCC risk in individ-
ual patients,8 several nomograms have been developed to assess a patient’s risk of HCC.>!! The Risk Estimation for
Hepatocellular Carcinoma in Chronic Hepatitis B (REACH-B) model uses age, sex, HBeAg status, and serum alanine
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aminotransferase (ALT) and HBV-DNA levels to esti-
mate a patient’s HCC risk up to 10 years if untreated.'® It
was developed in patients without cirrhosis and validated
in a multicenter hospital cohort that included patients
with cirrhosis.

Several agents currently are approved for the treat-
ment of CHB, including interferon-o and nucleos(t)ide
analogues (NA)s. Several large randomized controlled
trials have shown that antiviral therapy can lead to
improvement in serum aminotransferase levels, HBeAg
loss, hepatitis B surface antigen loss, a reduction in
HBV-DNA levels, improvement in liver histology, and
regression of cirrhosis.'>'? Anti-HBV therapy has been
associated with a reduced risk of HCC.'* However, to
the best of our knowledge, studies to date have shown
benefits limited to patients with cirrhosis, with the ma-
jority of those data derived from retrospective studies
based on patients clinically selected for antiviral therapy.
Whether antiviral therapy confers beneficial effects on
HCC in patients without cirrhosis, and how long after
treatment initiation these effects may occur, are to our
knowledge, undefined.

Ideally, a long-term placebo-controlled trial would
provide the most definitive answers regarding anti-HBV
therapy in the development of HCC. Given the well-
accepted benefits of therapy, placebo-controlled trials
would be unethical, at least in patients who are candi-
dates for treatment according to various guidelines.
Herein, we used data from the registration trials for teno-
fovir disoproxil fumarate (TDF) to assess the impact of
antiviral therapy on the occurrence of HCC, focusing on
patients without cirthosis. We used the REACH-B
model to estimate the expected incidence of HCC had
trial participants not been treated.

MATERIALS AND METHODS

Study Design

Data from TDF registration studies GS-US-174-0103
(HBeAg-positive; Clinical Trials.gov idendfier NCT001168
05) and GS-US-174-0102 (HBeAg-negative; ClinicalTrials.-
gov identifier NCT00117676) were used.'>'® Patients pro-
vided informed consent and the study was approved by the
ethics committees of the participating institutions. Patients
aged 18 to 69 years were randomized 2:1 to receive TDF or
adefovir dipivoxil (ADV) for 48 weeks in a double-blinded
manner, followed by open-label TDF for up to 384 wecks.
Race was based on self-report. Patients were required to be
positive for hepatitis B surface antigen for >6 months before
enrollment with evidence of active HBV infection (ie,
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detectable HBV-DNA and elevated ALT). Patients with cir-
rthosis (Ishak fibrosis scores of 5 or 6) were included in the
studies. Patients with a history of HCC or prior clinical he-
patic decompensation were excluded. No patient experi-
enced hepatic decompensation during the current study.
Liver biopsies were performed at baseline and at weeks
48 and 240 and were evaluated using the Knodell and Ishak
scoring systems by a single independent pathologist blinded
to patient treatment and visit number.

Although virologic efficacy was the primary end-
point of the current study, participants continued to
receive routine care at each site, including screening, diag-
nosis, and treatment for HCC according to local practice
guidelines and conventions. Although HCC was not a
prespecified study endpoint, it was captured as a prede-
fined adverse event. The current analyses are based on
data obtained at week 384.

Statistical Analysis
Standard descriptive statistics of patients by baseline cir-
rhosis status were conducted. Observed HCC incidence
along with 95% confidence intervals (95% Cls) were cal-
culated using the Kaplan-Meier method stratified by base-
line cirrhosis status.'”

Predicted HCC incidence was calculated using
REACH-B,'? a Cox regression model relating HCC risk
to sex, age, ALT level, HBeAg status, and DNA level.
We obtained coefficients of the Cox model and baseline
disease-free survival at years 3, 5, and 10 from Yang
et al."® Detailed survival estimates in yearly increments
from 1 to 10 were obtained from the REACH-B authors.
We used linear interpolation to estimate the baseline
disease-free survival for events occurring between full
calendar years.

REACH-B estimates the numbers of HCC cases as fol-
lows. The HCC-free survival probability in patient 7 at tdime
tis

i) =[Sos (1)) PP
in which Sp;(#) is the baseline survival probability for
patient 7 at time 7, f3 is a vector of the coefficients from the
REACH-B model, and X is a vector of the baseline char-

acteristics of the patient. Expected number of events for a
subject is

=—log, (8:(1) ) = —exp(X,p)log, [Su()]

and summing these over all patients provides the pre-
dicted number of HCC cases during the follow-up:
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TABLE 1. Baseline Characteristics of Patients by
Cirrhosis Status®

Patients
Patients Without
With Cirrhosis Cirrhosis
Characteristic® (n = 152) (n = 482) P°
Mean age (SD), y 45.2 (10.6) 38.4 (11.8) <.001
Male, no. (%) 123 (81) 345 (72) .026
Race, no. (%) .339
White 92 (61) 283 (59)
Asian 39 (26) 148 (31)
Other 21 (14) 1(11)
HBeAg positive, no. (%) 60 (39) 199 41) .706
Mean (SD) HBV-DNA, 7.6 (1.4) 7.7 (1.5) .289
log1o copies/mL
Mean (SD) ALT, U/L 143.2 (123.4) 143.0 (113.1) 714
HBV genotype .043
A 34 (22) 67 (14)
B 10 (7) 64 (13)
C 27 (18) 83 (17)
D 73 (48) 239 (50)
Other 8 (5) 29 (6)

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen;
HBV, hepatitis B virus; SD, standard deviation.

2Cirrhosis was defined as an Ishak fibrosis score of 5 or 6.

b7 patients did not have baseline biopsy data available.

°Two-sided P values. The Wilcoxon rank sum test was used for continuous
variables and the Fisher exact test was used for categorical variables.

E 6= E —loge

Standardized incidence ratios (SIRs) were calculated as a
ratio of observed over predicted HCC cases in the studies

Z —exp(X;8)log, (1)

i=

for particular time intervals. The 95% Cls were calculated
by Poisson regression without covariates with an offset
equal to log, (number of predicted cases).'® Exposure
time for subjects who dropped out prematurely is from
baseline to the time of dropout (ie, predicted HCC cases
reflected the number of subjects “at risk” at a given time
point and are not based on the initial sample size).

Our primary analysis compared the observed versus
predicted HCC incidence in patients without cirrhosis.
SIRs were calculated over 384 weeks, with additional sensi-
tivity analyses of patients with cirrhosis and Asian patients,
and the exclusion of those who had HCC diagnosed during
the first calendar year of the study. We also considered
other HCC prediction models, including the CU-HCC
(Chinese  University-Hepatocellular ~ Carcinoma) and
GAG-HCC (Guide with Age, Gender, HBV DNA, Core
promoter mutations and Cirrhosis-Hepatocellular Carci-
noma) risk scores to further validate our ﬁndings.9’11 Last,
we examined whether REACH-B applied to post-48-week
on-treatment data matches the observed HCC cases. SIRs
and 95% ClIs were calculated as described above.
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TABLE 2. Baseline Characteristics of Patients Who
Developed HCC Compared With Those Who Did
Not

HCC No HCC

Characteristic (n=14) (n = 627) P
Mean (SD) age, y 52.1 (10.6) 39.6 (11.8) <.001
Male, no. (%) 12 (86) 461 (74) .538
Race, no. (%) 347

White 6 (43) 374 (60)

Asian 6 (43) 183 (29)

Other 2 (14) 70 (11)
Median Ishak fibrosis 4 (2-6) 3 (0-6) .023

score (range)
Cirrhosis (%)° 6 (43) 146 (24) 113
HBeAg positive, no. (%) 4 (29) 262 (42) 416
Mean (SD) HBV-DNA, log+o 7.0 (1.6) 7.7 (1.5 120

copies/mL
Mean (SD) ALT, U/L 101.1 (62.0) 143.4 (115.9) .094
HBV genotype .034

A 0(0) 103 (16)

B 2 (14) 72 (11)

C 4 (29) 108 (17)

D 5 (36) 310 (49)

Other 3 (21) 34 (5)

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen;
HBYV, hepatitis B virus; HCC, hepatocellular carcinoma; SD, standard
deviation.

2Two-sided P values. The Wilcoxon rank sum test was used for continuous
variables and the Fisher exact test was used for categorical variables.

® Cirrhosis was defined as an Ishak fibrosis score of 5 or 6.

RESULTS

Among 641 patients randomized and treated in studies
102 and 103, 7 individuals did not have sufficient histo-
logical data for inclusion in the current analysis. Of the
remaining 634 patients, 482 did not have cirrhosis (76%)
whereas 152 patients (24%) had cirrhosis at baseline
(Table 1).

A total of 14 HCC cases were observed. Timing and
characteristics of the HCC cases are summarized in Sup-
porting Information Figure 2 and Table 2. Of the 14
cases, 9 patients were HBeAg negative, 6 had cirrhosis at
baseline (all Ishak fibrosis score 6), and 12 patients were
male (Supporting Information Table 1).

The annual HCC incidence in the study as a whole
was 0.37% (95% CI, 0.20%-0.62%), and was 0.65%
(95% CI, 0.24%-1.40%) among patients with cirrhosis
and 0.28% (95% CI, 0.12%-0.56%) among patients
without cirrhosis (Fig. 1). Known risk factors for HCC
such as older age, advanced fibrosis/cirrhosis, and geno-
type C were observed when comparing those who did and
did not develop HCC, although the small number of
HCC cases reduces the power of the analysis (Table 2).
There was no indication that variables such as high HBV-
DNA or ALT levels influenced the incidence of HCC in
these patients treated with an effective antiviral agent.
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Figure 1. Observed incidence of hepatocellular carcinoma
(HCC) by baseline cirrhosis status in studies 102 and 103. All
14 cases of HCC were depicted in this plot. Overall, the inci-
dence of HCC in studies 102 and 103 was 37.0 per 10,000
person-years (0.37% per year), whereas among patients with
cirrhosis the incidence was 64.5 per 10,000 person-years
(0.65% per year) and among patients without cirrhosis, the
incidence was 28.4 per 10,000 person-years (0.28% per
year). *Asterisk indicates patients completing 384 weeks in
the study as defined by protocol; 4 of 402 patients complet-
ing week 384 did not have baseline biopsy data available.

Table 3 presents observed and predicted cases of
HCC among patients without cirrhosis. Three patients
developed HCC within the first 48 weeks of randomiza-
tion. By the time the third case occurred, REACH-B pre-
dicted 1.92 HCC: to have developed, which translated to
an SIR of 1.56 (95% CI, 0.50-4.84), indicating that there
were 1.56 times more HCC cases than expected. Subse-
quently, the SIRs dropped below 1, indicating a lower-
than-expected HCC incidence. The SIRs progressively
decreased and by the time the eighth patient with HCC
was diagnosed, the SIR was 0.48 (95% CI, 0.24-0.96)
and was statistically significant. At the end of the 384
weeks of follow-up, 20.11 cases were predicted by the
REACH-B model compared with 8 observed cases. At
that time point, the SIR was 0.40 (95% ClI, 0.20-0.80),
representing a 60% reduction in HCC incidence (Fig. 2
Top).

Table 4 compares the observed number of HCCs in
patients with cirrhosis and what would be predicted by
the REACH-B score. For the 6 HCC cases in this group
of patients, the SIR ranged from 0.69 to 1.32. It is inter-
esting to note that there were no new HCC cases observed
in this group after the sixth patient was diagnosed around
week 192 (Fig. 2 Bottom). As of the end of the follow-up
(week 384), the SIR was 0.51 (95% CI, 0.23-1.14),
although it was not statistically significant.

Because the diagnosis of cirrhosis in the REACH-B
study was made on clinical grounds rather than via a liver
biopsy, we also considered using laboratory data to define
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TABLE 3. REACH-B Estimation of HCC Cases for
Patients Without Cirrhosis®

Cumulative HCC

Time of Incident Cases

Week (Year) Predicted  Observed SIR 95% CI

17.3 (0.33) 0.74 1 1.36 0.191-9.622
28.1 (0.54) 1.19 2 1.68 0.421-6.727
46.1 (0.88) 1.92 3 1.56 0.503-4.835
111.7 (2.14) 5.03 4 0.80 0.299-2.120
172.3 (3.30) 6.79 5 0.74 0.307-1.769
206.0 (3.95) 8.63 6 0.70 0.312-1.548
242.4 (4.65) 11.45 7 0.61 0.292-1.283
318.1 (6.10) 16.62 8 0.48 0.241-0.963
End of week 384° 20.11 8 0.40°  0.199-0.795

Abbreviations: 95% Cl, 95% confidence interval; HCC, hepatocellular carci-
noma; REACH-B, Risk Estimation for Hepatocellular Carcinoma in Chronic
Hepatitis B; SIR, standardized incidence ratio.

2The observed time each case was detected is shown along with the pre-
dicted and observed number of cases. SIRs and 95% Cls are also
provided.

®The median follow-up was 7.36 years (range, 0.00-7.55 years).

° Statistical significance at alpha = .05 (P =.009).

cirrhosis as supplementary data for comparison. The main
analyses in the current study were based on histological
definitions of cirrhosis (Ishak fibrosis scores of 5 of 6).
When a platelet count <150X 10°/uL or serum total bili-
rubin >2 mg/dL was used as a surrogate criteria for cir-
rhosis, greater than two-thirds of patients with cirrhosis
(108 of 152 patients) were misclassified as not having cir-
rhosis, whereas <10% of patients without cirrhosis (43 of
482 patients) were categorized as having cirrhosis. If these
laboratory criteria were used to exclude cirrhosis, the SIR
in patients without cirrhosis would be 0.22 (95% CI,
0.10-0.50).

We conducted a sensitivity analysis of the 189 Asian
patients (148 patients without cirrhosis, 39 patients with
cirthosis, and 2 with nonevaluable biopsies). During the
follow-up, 6 patients developed HCC. At baseline, 1
patient had cirrhosis and 5 did not. The sixth case was
diagnosed at 6.1 years of follow-up (SIR, 0.81; 95% ClI,
0.36-1.81). At week 384, the SIR was reduced to 0.66
(95% CI, 0.30-1.48), indicating that the effect of TDF
among Asian patients is in the same direction as the over-
all population, whereas the small number of events likely
precluded statistical significance.

Results of a similar analysis among non-Asian
patients are shown in Supporting Information Table 3.

In another sensitivity analysis (Supporting Informa-
tion Table 4), we excluded patients who developed HCC
during the first year of study, because it is likely that these
tumors represented prevalent cases at the time of study
enrollment. As expected, this reduced the SIRs; at week
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Figure 2. Observed hepatocellular carcinoma (HCC) cases
versus predicted HCC incidence over time among patients
(Top) without and (Bottom) with cirrhosis. (Top) The 8 cases
of HCC observed (dots) in patients without cirrhosis were
plotted against the predicted incidence of HCC (hashed line)
using the Risk Estimation for Hepatocellular Carcinoma in
Chronic Hepatitis B (REACH-B) algorithm over 384 weeks. At
the time the eighth HCC case was observed, the standardized
incidence ratio was 0.48 (95% confidence interval, 0.241-
0.963). At the end of the 384 weeks, the standardized inci-
dence ratio was 0.40 (95% confidence interval, 0.199-0.795),
representing a 60% reduction in the incidence of HCC. (Bot-
tom) The 6 cases of HCC observed (dots) among patients
with cirrhosis were plotted against the predicted incidence of
HCC (hashed line) using the REACH-B algorithm over 384
weeks. There were no additional cases observed after the
case that occurred around week 192.

384, the SIR was 0.25 (95% CI, 0.10-0.60) in patients
without cirrhosis and was 0.43 (95% CI, 0.18-1.03) in
patients with cirrhosis.

A third sensitivity analysis considered the CU-HCC
and GAG-HCC models to predicc HCC occurrence
(Supporting Information Table 5). The CU-HCC model
classified 283 patients as being at low risk, 128 as being at
intermediate risk, and 61 as being at high risk, predicting
22.5 HCC cases to occur by year 5. In comparison, we
observed 13 HCC cases at year 5 in the current study. The
GAG-HCC model categorized 356 patients as being at
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TABLE 4. REACH-B Estimation of HCC Cases for
Patients With Cirrhosis?®

Cumulative HCC

Time of Incident Cases

Week (Year) Predicted  Observed SIR 95% CI
50.0 (0.96) 1.17 1 0.85 0.120-6.060
113.9 (2.18) 2.91 2 0.69 0.172-2.745
114.1 (2.19) 2.92 3 1.03 0.332-3.189
124.6 (2.39) 3.04 4 1.32 0.494-3.508
174.6 (3.35) 4.02 5 1.24 0.518-2.988
194.1 (3.72) 4.67 6 1.28 0.577-2.859
End of week 384° 11.67 6 0.51  0.231-1.144

Abbreviations: 95% Cl, 95% confidence interval; HCC, hepatocellular carci-
noma; REACH-B, Risk Estimation for Hepatocellular Carcinoma in Chronic
Hepatitis B; SIR, standardized incidence ratio.

2The observed time each case was detected is shown along with the pre-
dicted and observed number of cases. SIRs and 95% confidence intervals
are also provided.

®The median follow-up was 7.36 years (range, 0.08-7.43 years).

low risk and 116 as being at high risk. It predicted 20.9
cases by year 5. Thus, the 2 models were consistent in sug-
gesting that the risk of HCC in the patients in the current
study was reduced by approximately one-third.
Supporting Information Table 2 examines the
REACH-B prediction using on-treatment data. In studies
102 and 103, both HBV-DNA and ALT levels were
greatly affected during the first 48 weeks of therapy. At
week 48, the mean change in HBV-DNA was -5.20 log
IU/mL (Wilcoxon signed rank, P<.001) in patients
treated with TDF and -3.96 log;o IU/mL (P<.001) in
patients treated with ADV, with no differences noted
between patients with and without cirrhosis (-4.81 log;,
IU/mL vs -4.71 log;o IU/mL, respectively; Wilcoxon
rank sum, P = .38). ALT was significantly reduced in
both groups, with 78.3% of patients treated with TDF
and 72.6% of patients treated with ADV achieving nor-
mal ALT (Fisher exact test, 7 = .13). The percentage of
patients with normal ALT at week 48 was also similar
between patients with and without cirrhosis (71.5% and
78.4%, respectively; P = .09). HBeAg status was also sig-
nificantly affected by antiviral therapy (percentage of
HBeAg-positive patients: 41.5% at baseline vs 30.5% at
week 48; P<.001). Obviously, the remaining parameters
in the REACH B model, age and sex, were not affected by
antiviral therapy. Using week 48 on-treatment data, the
REACH-B model grossly underestimated the number of
HCC cases. SIRs ranged between 1.91 and 3.89 for
patients without cirrhosis, indicating that the prediction
using on-treatment data underestimates the actual inci-

dence by approximately 2-fold to 4-fold (Supporting
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Information Table 2). The magnitude of underestimation
was even more dramatic in patients with cirrhosis (SIR

range, 3.46-143.51).

DISCUSSION

Understanding the impact of antiviral therapy on HCC
incidence in patients with CHB is important for both
individual patient management and public health policy.
The results of the current study demonstrate that HCC
incidence in patients without cirrhosis treated with TDF
was lower than expected. The effects of TDF became no-
ticeable at approximately 2 years of therapy and eventually
reached a SIR of 0.40, or a 60% reduction in incidence by
week 384. Subsequent sensitivity analyses replicated the
overall trend, further supporting the observation that
TDF therapy is associated with HCC risk reduction.

HCC remains the most dreaded complication in
patients with CHB. A major recent advance in our under-
standing of the natural history of HBV infection is the
relation between serum HBV-DNA concentration and
future risk of HCC.” This discovery was made in the Risk
Evaluation of Viral Load Elevation and Associated
Liver Disease/Cancer-Hepatitis B Virus (REVEAL-HBV)
study, which prospectively followed a community-based
cohort of untreated patients with HBV infection in Tai-
wan.” Derived from this cohort, the REACH-B model
estimates HCC risk in patients without clinical evidence
of cirrhosis.'® It was subsequently validated in an external
cohort from 3 hospitals located in Asia, including 18.4%
of patients with cirrhosis.'® To the best of our knowledge,
the accuracy of models such as REACH-B in non-Asian
populations is not established. A recent study of entecavir
use on HCC reported low discriminatory performance in
white individuals.'® However, another study has sug-
gested that the REACH-B model was accurate in a large
North American cohort of patients with CHB with differ-
ent genotypes.”’

After inital data that suggested interferon therapy
was associated with a reduced risk of HCC,?! subsequent
studies evaluated the effect of long-term NAs on HCC
incidence. In what to our knowledge is the only random-
ized controlled trial conducted to date, lamivudine and
placebo were compared in treatment-naive patients with
advanced fibrosis/cirrhosis and active hepatitis.”* After a
mean treatment of approximately 3 years, lamivudine
reduced the risk of HCC by 51%. Several nonrandomized
studies, including a recent US study in a geographically
and racially diverse study population, have shown a simi-
lar degree of risk reduction (ie, approximately 50%).*’
Another recent study demonstrated a benefit for NA
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therapy in the postoperative prognosis of patients with
HBV-related HCC.** Compared with these recent obser-
vational studies, the data from the current study are
unique in that they were prospectively collected in a rigor-
ous trial setting. The current study data also included
baseline histological data to specifically identify patients
without cirrhosis. Our results remained robust when cir-
rhosis was defined by surrogate clinical indicators, emulat-
ing the method by which REACH-B and other models
were developed. Because the detection of cirrhosis in rou-
tine practice is neither sensitive nor standardized, nonin-
vasive measurements of liver fibrosis by modalities such as
transient elastography may help to enhance the accuracy
of these models.

Cirrhosis is well established as a strong risk factor for
HCC. It is likely that a part of the HCC risk reduction by
antiviral therapy is associated with regression of fibrosis and
cirrhosis, which have been demonstrated with long-term
NA therapy.'? In the data from the current study, HCC
risk reduction was more pronounced in patients without
cirrhosis, which suggests that suppression of viral replica-
tion has a direct impact on hepatic carcinogenesis inde-
pendent of its effect on fibrosis. The current study data in
patients with cirrhosis must be considered with caution for
several reasons. First, the REACH-B model, based on
patients without overt evidence of cirrhosis, most likely
underestimates the incidence of HCC in patients with cir-
rhosis. One potential interpretation of our data may be that
TDF therapy reduced the risk of HCC in patients with cir-
rhosis at least to the level expected in patients without cir-
rhosis. Second, it is likely that a longer observation may
demonstrate continued HCC risk reduction.

The full impact of antiviral inhibition on HBV-
related oncogenesis remains uncertain. Clearly, with
potent NA therapy, HBV-DNA and ALT levels change
promptly. Our 48-week on-therapy data suggest that
HCC risk reduction did not parallel the rapid decrease in
HBV-DNA or ALT and that it takes >1 year of therapy
for the risk to be altered significantly. The data from the
current study support a recent observational study that
reported that risk scores decline during therapy and that
the scores at baseline or after 1 year of therapy did not pre-
dict HCC incidence well,"” although not all studies
agree.”” Ultimately, patients with active hepatitis meeting
antiviral therapy indication remain at an increased risk of
HCC, even when compared with those with inactive dis-
case.”® Clinicians and patients must remain vigilant
regarding HCC surveillance in accordance with standard
guidelines and taking into account individual risk factors,
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even when appropriate HBV-DNA suppression and ALT
normalization are achieved.?”*®

There are limitations to the current study. Statistical
power to demonstrate the desired effect of TDF therapy
was limited by the small number of HCC cases despite the
study’s large denominator, which in and of itself is a result
of TDF therapy substantially reducing HCC incidence.
This limited our ability to conduct subgroup analysis. In
the strictest sense, REACH-B is only applicable in Asian
patients without cirrhosis. We reported only 5 Asian
patients without cirrhosis who developed HCC. Although
the sensitivity analysis of Asian patients without cirrhosis
was not statistically significant, this and prior studies,
including our analysis using the CU-HCC and GAG-
HCC models, demonstrated a consistent effect of therapy,
with an approximately one-third reduction in HCC. Sec-
ond, HCC was not a predefined endpoint of the current
study, and rather, was considered to be an adverse event.
Although it is possible that the rigor with which HCC
cases were reported may not have been as high as primary
endpoints, there is no evidence in the current study to sug-
gest systematic flaws in the diagnosis of HCC itself. We
made random inquiries to select study sites to verify the
practice of reporting HCC cases. There were no aberrant
instances that would cause us to question the validity of an
HCC diagnosis. Third, patients enrolled in clinical trials
tend to have earlier stages of liver disease with lower risks
of HCC, although approximately one-quarter of the indi-
viduals enrolled in the current study had cirrhosis (Ishak
fibrosis score of 5 or 6) at baseline. However, the lack of
an untreated control group makes this point difficult to
evaluate.

The observed incidence of HCC in patients without
cirrhosis who were treated with TDF was lower than that
expected based on a well-validated prediction model, sug-
gesting the benefits of antiviral therapy in reducing HCC
beyond its impact on prevention and regression of fibrosis
and cirrhosis. Although these are encouraging data for
patients being treated with TDF, they must not be extrap-
olated to patients who do not meet current treatment cri-
teria. Finally, HCC prediction models should not be
applied using on-therapy data because they underestimate
HCC incidence. Patients should continue to be moni-
tored for HCC, following established guidelines, regard-

less of therapeutic response.

FUNDING SUPPORT

Dr. Loomba’s work is supported in part by the American Gastroen-
terological Association Foundation-Sucampo-ASP  Designated
Research Award in Geriatric Gastroenterology and by a T. Franklin

Cancer  October 15, 2015

Williams Scholarship Award with funding provided by Atantic
Philanthropies Inc, the John A. Hartford Foundation, the Associa-
tion of Specialty Professors, the American Gastroenterological
Association, and grant 3K23DK090303. This study was funded by
Gilead Sciences.

CONFLICT OF INTEREST DISCLOSURES

Dr. Kim has received fees from Bristol-Myers Squibb and Gilead
Sciences for work performed outside of the current study.
Dr. Loomba received fees for board membership for Galmed Inc
and Arrowhead Research Inc and has acted as a paid consultant for
Gilead Sciences, Genentech, Merck, RuiYi, and DeuteRx and has
received grants from Merck, Gilead Sciences, Promedior Inc, Kin-
eMed Inc, and Adheron Therapeutics Inc as well as a patent for
USCD lipidomic biomarkers for liver disease assessment. Dr. Berg
received research support from Roche, Bristol-Myers Squibb,
Gilead Sciences, Novartis, Merck/Schering-Plough (Merck), and
Janssen and acted as a paid consultant and member of the Speakers
Bureau and participated in advisory boards for Bochringer Ingel-
heim, Bristol-Myers Squibb, Gilead Sciences, GlaxoSmithKline,
Janssen, MSD/Merck, Novartis, Roche, and Vertex. Dr. Aguilar
Schall, Dr. Yee, Dr. Dinh, Dr. Flaherty, and Dr. Martins are
employees and stock holders of Gilead Sciences Inc. Dr. Jacobson
has received grants and acted as a paid consultant, advisor, and
member of the Speaker’s Bureau for Gilead Sciences during the
conduct of the current study as well as received grants and acted as a
paid consultant, advisor, and member of the Speaker’s Bureau for
AbbVie, Bristol-Myers Squibb, Gilead Sciences, Janssen, and
Merck; received grants from Tobira; and acted a paid consultant
and advisor for Achillion Pharmaceuticals, Alnylam, and Enanta
Pharmaceuticals for work performed outside the current study.
Dr. Fung has received fees for consulting, speaking, and teaching
from Gilead Sciences and has acted as a paid consultant for Bristol-
Myers Squibb. Dr. Gurel has received a grant from Gilead Sciences
for work performed as part of the current study. Dr. Buti is an in-
vestigator for Gilead Sciences. Dr. Marcellin has acted as a paid in-
vestigator and member of the Advisory Board and Speakers’ Bureau
and received a grant from Gilead Sciences.

REFERENCES

1. World Health Organization. WHO Fact Sheet No. 204 on Hepatitis
B. Updated July 2013. Available at: http://www.who.int/media-
centre/factsheets/fs204/en/ 2013. Accessed January 2014.

2. Lee WM. Hepatitis B virus infection. N Engl | Med. 1997;337:
1733-1745.

3. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Guastroenterology. 2012;142:1264-1273.el.

4. Loomba R, Yang HI, Su J, et al. Synergism between obesity and
alcohol in increasing the risk of hepatocellular carcinoma: a
prospective cohort study. Am | Epidemiol. 2013;177:333-342.

5. Loomba R, Liu J, Yang HI, et al; REVEAL-HBV Study Group.
Synergistic effects of family history of hepatocellular carcinoma and
hepatitis B virus infection on risk for incident hepatocellular
carcinoma. Clin Gastroenterol Hepatol. 2013;11:1636-1645.¢1-3.

6. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Guastroenterology.
2004;127(5 suppl 1):S35-S50.

7. Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma
across a biological gradient of serum hepatitis B virus DNA level.
JAMA. 2006;295:65-73.

8. McMahon BJ. Natural history of chronic hepatitis B. Clin Liver Dis.
2010;14:381-396.

3637


http://www.who.int/mediacentre/factsheets/fs204/en/
http://www.who.int/mediacentre/factsheets/fs204/en/

Original Article

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Wong VW, Chan SL, Mo F, et al. Clinical scoring system to
predict hepatocellular carcinoma in chronic hepatitis B carriers.
J Clin Oncol. 2010;28:1660-1665.

Yang HI, Yuen MF, Chan HL, et al. Risk estimation for
hepatocellular carcinoma in chronic hepatitis B (REACH-B):
development and validation of a predictive score. Lancet Oncol.
2011;12:568-574.

Yuen MF, Tanaka Y, Fong DY, et al. Independent risk factors and
predictive score for the development of hepatocellular carcinoma in
chronic hepatitis B. / Hepatol. 2009;50:80-88.

Petersen J, Buti M. Considerations for the long-term treatment of
chronic hepatitis B with nucleos(t)ide analogs. Expers Rev Gastroen-
terol Hepatol. 2012;6:683-693; quiz 694.

Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis during
treatment with tenofovir disoproxil fumarate for chronic hepatitis B:
a 5-year open-label follow-up study. Lancer. 2013;381:468-475.
Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok A.
Incidence of hepatocellular carcinoma in chronic hepatitis B patients
receiving nucleos(t)ide therapy: a systematic review. J Hepatol. 2010;
53:348-356.

Marcellin P, Heathcote EJ, Buti M, et al. Tenofovir disoproxil
fumarate versus adefovir dipivoxil for chronic hepatitis B. N Engl |
Med. 2008;359:2442-2455.

Heathcote EJ, Marcellin P, Buti M, et al. Three-year efficacy and
safety of tenofovir disoproxil fumarate treatment for chronic
hepatitis B. Gastroenterology. 2011;140:132-143.

Ulm K. A simple method to calculate the confidence interval of a
standardized mortality ratio (SMR). Am ] Epidemiol. 1990;131:373-
375.

Atkinson EJ, Crowson CS, Pedersen RA, Therneau TM. Poisson
models for person-years and expected rates. Technical Report Series
No. 81. Rochester, MN: Department of Health Science Research,
Mayo Clinic; 2008:1-43.

Arends P, Sonneveld M, Zoutendijk R, et al; for the VIRGIL

Surveillance Study Group. Entecavir treatment does not eliminate

3638

20.

21.

22.

23.

24.

25.

26.

27.

28.

the risk of hepatocellular carcinoma in chronic hepatitis B: limited
role for risk scores in Caucasians [published online ahead of print
July 10, 2014]. Gut. doi: 10.1136/gutjnl-2014-307023.

Abu-Amara M, Cerecchi O, Mahli G, et al. The risk of hepatitis
B-related hepatocellular carcinoma (HCC) is reduced with antivi-
ral therapy: evidence from 3 HCC prediction models. London:
European Association for the Study of the Liver; Poster #194.
2014.

Lin SM, Sheen IS, Chien RN, Chu CM, Liaw YF. Long-term
beneficial effect of interferon therapy in patients with chronic
hepatitis B virus infection. Hepatology. 1999;29:971-975.

Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for patients with
chronic hepatitis B and advanced liver disease. IV Engl ] Med. 2004;
351:1521-1531.

Gordon S, Lamerato L, Rupp L, et al; CHeCS Investigators.
Antiviral therapy for chronic hepatitis B virus infection and
development of hepatocellular carcinoma in a US population. Clin
Gastroenterol Hepatol. 2014;12:885-893.

Yin J, Li N, Han Y, et al. Effect of antiviral treatment with
nucleotide/nucleoside analogs on post-operative prognosis of hepati-
tis B virus-related hepatocellular carcinoma: a two-stage longitudinal
clinical study. / Clin Oncol. 2013;31:3647-3655.

Wong GL, Chan HL, Chan HY, et al. Accuracy of risk scores for
patients with chronic hepatitis B receiving entecavir treatment.
Gastroenterology. 2013;144:933-944.

Cho ]Y, Paik YH, Sohn W, et al. Patients with chronic hepatitis B
treated with oral antiviral therapy retain a higher risk for HCC
compared with patients with inactive stage disease. Guz. 2014;63:
1943-1950.

Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology. 2011;53:1020-1022.

Sherman M, Bruix J, Porayko M, Tran T; AASLD Practice
Guidelines Committee. Screening for hepatocellular carcinoma: the
rationale for the American Association for the Study of Liver
Diseases Recommendation. Hepatology. 2012;56:793-796.

Cancer  October 15, 2015


info:doi/10.1136/gutjnl-2014-307023

	l

