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Abstract

Background—Entecavir (ETV) has been shown to be safe and efficacious in randomized
controlled trials in highly selected patients with hepatitis B virus (HBV) infection.

Aim—To determine the safety and effectiveness of ETV in “real-world” HBV patients in the
United States (US).

Methods—Treatment-naive HBV patients > 18 years old who received ETV for 212 months
between 2005 and 2013 were included in a retrospective, cohort study. Rates of ALT
normalization, undetectable HBV DNA, HBeAg and HBsAg loss/seroconversion, adverse events
(AE) and clinical outcomes were evaluated.

Results—Of 841 patients, 658 [65% male, 83% Asian; median age 47 years] met the inclusion
criteria. 36% were HBeAg+ and 9.3% cirrhotic. 89% had abnormal ALT. Baseline median HBV
DNA was 5.8 log 10 IU/mL. Median duration of ETV treatment was 4 years.

Rates of ALT normalization at 1, 3, and 5 years were 37.2%, 48.7%, and 56.2% in HBeAg+ and
39.6%, 46.8 %, and 55.6% in HBeAg- patients. HBY DNA was undetectable at 1, 3, and 5 years
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in 34.6%, 64.7%, and 84.6% in HBeAg+ patients, and 81.9%, 90.3%, and 96.2% in HBeAg-
patients. 5 year cumulative probability of HBeAg loss and seroconversion was 46% and 33.7%
and HBsAg loss was 4.6%. ETV was discontinued due to adverse events in 1.2% of patients.
Hepatic decompensation occurred in 0.8%, liver cancer in 2.7%, and death in 0.6%.

Conclusion—Entecavir treatment was safe in a large cohort of US patients, but ALT

normalization and HBV DNA suppression rates were lower than previously reported in clinical

trials.

Keywords

hepatitis B; entecavir; real-world; HBeAg seroconversion; HBV DNA suppression

Introduction

Entecavir (ETV) is a cyclopentyl guanosine analogue, with potent activity against the
hepatitis B virus (HBV) DNA polymerase. In 2005, the United States (US) Food and Drug
Administration (FDA) approved ETV for the treatment of HBV based on randomized
controlled trials demonstrating efficacy and safety in hepatitis B e antigen (HBeAg)-positive
and HBeAg-negative patients that met entry criteria for those trials. These trials showed
HBYV DNA undetectable rates of 67%, alanine aminotransferase (ALT) normalization rates
of 68%, and HBeAg seroconversion rates of 21% after 1 year of treatment in HBeAg-
positive patients. (1) For HBeAg-negative patients, HBV DNA undetectable rates were 90%
and ALT normalization rates were 78% at the end of 1 year of ETV treatment. (2)
Subsequent rollover studies provided further follow-up data with undetectable HBV DNA in
94%, ALT normalization in 80%, an additional HBeAg seroconversion in 23%, and hepatitis
B surface antigen (HBsAQ) loss in 1.4% of HBeAg-positive patients by year 5. (3) Follow
up data beyond year 1 for HBeAg-negative patients are less clear, as many of these patients
had gaps in ETV treatment after year 1. (4) Overall, these studies confirmed long-term
safety and a low rate of genotypic antiviral resistance among nucleoside naive patients of
1.2% at 6 years. (3, 5, 6)

Due to trial design, the majority of subjects in these Phase Il trials had discontinuation or
interruption of ETV after the first year. (1-3) Thus, the trial design does not allow
assessment of the outcomes of continuous treatment with ETV at the approved dose of 0.5
mg daily. The need for confirmation of the efficacy and safety of continuous ETV treatment
at the standard dose, along with growing awareness regarding the distinction between
clinical trial efficacy and “real-world” effectiveness led to studies of ETV treatment
outcomes in clinical practice. (7-9) There have been several reports, mainly from Asia,
showing variable effectiveness among patients treated with ETV in clinical practice
attributed to enrollment of a more heterogeneous population as well as the challenges of
supporting patients” compliance to long-term treatment in the “real-world”. (10-17)
However, there are limited data regarding the effectiveness and safety of ETV in the US.
(18-19) We aimed to determine the safety and effectiveness of ETV in “real-world” practice
settings in the US.
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Materials & Methods

Study design and patient population

The ENtecavir Utilization, Management, and Efficacy in the United States: A MulTi-cEnter
Study (ENUMERATE) is an observational, retrospective, multicenter cohort study of
treatment-naive, chronic HBV patients who received at least 12 months of ETV between
April 2005 and April 2013 in 26 community and university clinical centers throughout the
US. ENUMERATE was conducted in partnership with the advisors from the Asian Health
Foundation (AHF), a non-profit organization dedicated to improving the health of Asian
Americans & Pacific Islanders with a focus on viral hepatitis. The AHF advisors are
comprised of hepatologists, gastroenterologists, and internists with clinical and research
interest in HBV, practicing in 16 states. All authors had access to the study data and have
reviewed and approved the final manuscript.

The study protocol and case report forms were approved by the Institutional Review Board
(IRB) at each center. A central IRB was utilized for centers that did not have their own
institutional IRB. Patients were identified at each center by searching internal databases and
medical records. Demographic, clinical and laboratory data, HBV treatment history, and
ETV start date, dosing and duration were recorded. All laboratory testing was obtained at
the respective local laboratories for each center. A web based electronic case report form
was designed for this study. Data collection was carried out between January 2013 and
January 2014. An independent data monitor reviewed the submitted electronic case report
forms for data quality, completeness, and accuracy.

Patients were included in the study if they were > 18 years old, had chronic HBV infection,
were HBV treatment naive (no previous nucleos(t)ide analogues or interferon), and had been
on ETV treatment for at least 12 months with a minimum of two sets of laboratory results
that included HBV DNA and ALT after ETV initiation. Patients were excluded from the
study if they did not have a baseline HBeAg result or a baseline ALT and HBV DNA (within
180 days prior to initiating ETV) but were not excluded based on a specific ALT or HBV
DNA cutoff value criteria. Patients were also excluded if they were known to be co-infected
with human immunodeficiency virus, hepatitis C virus, or hepatitis D virus, were pregnant
or breastfeeding, had undergone solid organ transplantation, or were on chemotherapy for
immunosuppressive therapy. Patients receiving combination therapy with another
nucleot(s)ide analogue or interferon or were enrolled in other clinical trials for HBV were
also excluded.

Baseline cirrhosis was determined based on liver histology, evidence of clinical
decompensation (ascites, hepatic encephalopathy or variceal bleeding), and in the absence of
histology or decompensation on radiological (nodular liver, intra-abdominal collaterals/
varices of splenomegaly) or endoscopic (varices in the stomach or esophagus) findings.

Decision to initiate ETV treatment, starting dose, dose adjustment, and discontinuation of
treatment were at the discretion of the investigators.
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Assessment of treatment outcomes

Primary treatment endpoints included complete HBV DNA suppression rates (undetectable
HBYV DNA based on the lower limits of detection at each laboratory which varied between
<10 IU/mL to <2000 copies/mL [~400 IU/mL]), ALT normalization, and HBeAg
seroconversion. Two definitions of ALT normalization were utilized, the commonly used
<40 U/L for both men and women, and the American Association for the Study of Liver
Diseases (AASLD) HBV practice guideline threshold <30 U/L for men, <19 U/L for
women, with ULN at each laboratory varying between 22-80 U/L. (20-21)

Secondary endpoints included adverse events (AE) leading to ETV dose reduction or
discontinuation and clinical outcomes: cirrhasis (as defined for baseline cirrhosis), hepatic
decompensation (defined as new development of ascites, hepatic encephalopathy, or variceal
bleeding), liver transplantation, hepatocellular carcinoma (HCC) and death. HCC
surveillance was conducted at each site at the discretion of the investigators. HBV resistance
testing was not uniformly conducted in the study, but rates of virological breakthroughs (>1
log increase in HBV DNA levels from nadir) were noted. Renal function was assessed by
estimating glomerular filtration rate (GFR) with the Modification of Diet in Renal Disease
(MDRD) formula. Patients were followed from the initiation of ETV treatment to the end of
data collection in January 2014.

Statistical analysis

Results

Data analysis was performed using Version 9.4 of the SAS System (SAS Institute Inc., Cary,
NC). For descriptive statistics of the baseline and follow-up data, mean with standard
deviations or median (range) were calculated for continuous data and proportions (%) for
categorical data. Between group comparisons were conducted by the student's t-test (or the
Wilcoxon rank sum, if the distribution was not symmetric) for continuous variables and the
chi-square test for categorical variables. Analyses were performed on subsets of patients
with test results available at specific time intervals, and expressed as the number with
response versus the number tested at each time point. Kaplan-Meier (KM) analysis was used
to plot the cumulative probability of responses over time. Data analysis was performed for
the entire cohort and also separately for the subgroup of patients recruited at community-
based centers and those recruited at university-based centers. Statistical significance was
assessed at the 0.05 level.

Baseline clinical characteristics

Of 841 patients reviewed from 26 sites, a total of 658 met the inclusion criteria and were
included in the study (Supplementary Figure 1). Ten study sites were community-based
clinics and 16 were university-based. Table 1 shows the baseline patient characteristics:
64.9% were male, with a median age of 46.8 (18-83) years. The majority of the patients
(83.3%) were Asian, 8.4% white, 4.6% black, and 3.8% were of other races. More than half
of the patients (61.1%) were born outside the US, and 10.3% had a family history of liver
cancer. At baseline, 237 (36%) were HBeAg-positive, 421 (64%) were HBeAg-negative.
Baseline median ALT was 60 (6—-3286) U/L. Baseline median HBV DNA was 7.4 log 10
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IU/mL for HBeAg-positive and 5.2 log 10 1U/mL for HBeAg-negative patients. Cirrhosis
was diagnosed in 61 (9.3%) patients: 15 based on liver biopsy and 46 based on radiological
or endoscopic findings. At the time of ETV initiation, hepatic decompensation was present
in 11 (1.7%) patients and 3 (0.5%) were listed for liver transplantation.

Starting dose of ETV was 0.5 mg/day in 584 (88.8%) patients, 1.0 mg/day in 69 (10.5%)
patients, and <0.5 mg/day in 5 (0.8%) patients. Patients started at ETV 1.0 mg/day compared
to those started at 0.5 mg/day had a statistically significantly higher rate of family history of
HCC (18.8% vs. 9.4%), higher baseline HBV DNA (6.4 vs. 5.8 log 10 IU/mL), and lower
baseline creatinine (0.8 vs. 0.9 mg/dL). There were no other statistically significant
differences in baseline characteristics between these two ETV dose groups. Median duration
of ETV treatment was 4 (1-8.3) years. The number of patients followed for 1, 2, 3, 4, and 5
years were 657 (99.9%), 579 (88%), 463 (70.4%), 370 (56.2%), and 265 (40.3%),
respectively.

Approximately half the (52%) patients were enrolled at community-based sites. Differences
in baseline characteristics of patients enrolled between university and community sites were
notable for a higher proportion of patients with cirrhosis (14.2% vs. 4.7%), and hepatic
decompensation (2.8% vs. 0.6%), and higher levels of ALT (65.5 vs. 51 U/L) at university
sites as shown in Supplementary Table 1.

Primary outcomes

ALT normalization—For this analysis, only patients with elevated ALT at baseline were
included. Among the patients tested at specific intervals, the proportions with normal ALT
(defined as ALT<30 U/L in men and <19 U/L in women) at years 1, 3, and 5 were 37.2%
(81/218), 48.7% (74/152), and 56.2% (50/89), respectively in HBeAg-positive patients and
39.6% (142/359), 46.8 % (116/248), and 55.6% (74/133), respectively in HBeAg-negative
patients. (Figure 1a)

When normal ALT was defined as <40 U/L in both men and women, the proportions with
normal ALT at years 1, 3, and 5 were 65.9% (120/182), 78.6% (99/126), and 82.7% (62/75),
respectively in HBeAg-positive patients and 72.8% (195/268), 78.1% (146/187), and 80.4%
(82/102), respectively in HBeAg-negative patients. (Figure 1b)

HBV DNA suppression—For this analysis, only patients with detectable HBV DNA at
baseline were included. Among the patients tested at specific intervals, the proportion with
undetectable DNA at years 1, 3, and 5 were 34.6% (66 /191), 64.6% (64/99) and 84.6%
(44/52), respectively, in HBeAg-positive patients, and 81.9% (185/226), 90.3% (112/124)
and 96.2% (51/53), respectively, in HBeAg-negative patients. (Figure 2) Comparisons of the
47 patients who failed to suppress HBV DNA by year 3 to those who suppressed HBV DNA
showed that the former patients were significantly more likely to be HBeAg positive (74.5%
vs. 36.4%) and to have higher HBV DNA levels (7.4 vs. 5.7 log 10 1U/mL) at baseline.
There were no differences in HBV DNA suppression between patients receiving care in the
community and university settings.
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HBeAg loss and seroconversion, and HBsAg loss—Among the 237 HBeAg-
positive patients, 25 had HBeAg loss and 21 had HBeAg seroconversion by year 1 (8.8%);
and 93 patients had HBeAg loss and 69 had HBeAg seroconversion by year 5 (29%). The
cumulative probability of HBeAg loss at 1 and 5 years were 10.6% and 46%, respectively
and of HBeAg seroconversion were 8.9% and 33.7%, respectively (Figure 3)

By year 5, 5 of the 237 HBeAg-positive patients and 8 of the 421 HBeAg-negative patients
had lost HBsAg. The cumulative probability of HBsAg loss at year 5 was 5.2% in HBeAg-
positive patients and 4.6% in HBeAg-negative patients. There were no statistically
significant differences between Asian and non-Asian patients, although the overall number
of patients with HBsAg loss was small. (Figure 4)

There were no differences in HBeAg loss, HBeAg seroconversion, or HBsAg loss between
patients receiving care in the community and university settings.

Secondary Outcomes

Median GFR for the entire cohort was 92.7 (4.1, 225.7) mL/min at baseline and 97.9 (6.5,
176.7) mL/min at 5 years. Two patients with normal GFR at baseline had deterioration of
renal function during treatment necessitating dose reduction of ETV. No patients required
hemodialysis or ETV discontinuation due to renal insufficiency.

Entecavir dose was increased from 0.5 mg daily to 1.0 mg daily in 53 (8.1%) patients by
their providers. Forty had dose increase for persistently detectable HBV DNA 6 months to 7
years after initiation of treatment, 2 for “underlying cirrhosis”, and 9 for unspecified reasons.
Two other patients had ETV dose increase for a breakthrough in HBV DNA level, confirmed
on repeat testing but resistance mutation testing was not performed. One patient had
subsequent suppression of HBV DNA to undetectable. The second patient had a decline in
HBYV DNA level from 22,100 IU/mL at breakthrough to 1910 1U/mL at the last follow up,
14 months after breakthrough.

Entecavir was discontinued in a total of 108 (16.4%) study patients as show in Table 2. Of
these, 48 (44.4%) were due to self-discontinuation or loss to follow up and 25 (23.1%) per
provider recommendation after achieving therapeutic endpoint. Other reasons included
suboptimal HBV DNA response in 11 (10.2%) patients, AE in 8 (7.4%) patients, pregnancy
or pregnancy planning in 6 (5.6%) patients, and nonspecific reasons in 6 (5.6%) patients.
Entecavir was discontinued in 4 patients due to suspected drug resistance and Tenofovir 300
mg was substituted for these 4 patients. Of the 8 patients who discontinued ETV due to AE,
2 had nonfatal lactic acidosis which resolved with ETV discontinuation and 6 had rash,
arthralgia, abdominal discomfort, fatigue, and/or alopecia.

Among the 108 patients who discontinued ETV, 27 had substitution of another oral HBV
antiviral with 24 being placed on tenofovir and three on emtricitabine + tenofovir
combination. Twenty-five (3.8%) patients had tenofovir added to ETV, two for suspected
drug resistance, 22 for incomplete HBV DNA suppression, and one for unspecified reasons.
Two (0.3%) patients had adefovir added to ETV, one for incomplete HBV DNA suppression
and one for suspected ETV resistance.
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New hepatic decompensation occurred in 5 (0.8%) patients at a median of 1.55 (0.43-2.87)
years after initiation of ETV. Three patients had ascites, one had variceal bleeding, and one
had ascites and hepatic encephalopathy. Four of these patients had cirrhosis at ETV
initiation, three had undetectable HBV DNA while the other two patients had HBV DNA of
387 IU/ml and 741 1U/ml at the time of hepatic decompensation.

HCC was diagnosed in 18 (2.7%) patients, 8 of whom had cirrhosis at baseline. Twelve of
these patients achieved undetectable HBV DNA levels prior to the diagnosis of HCC but 2
of these 12 subsequently had detectable HBV DNA levels at the time of HCC diagnosis.
Five patients were diagnosed to have HCC during the first 12 months of ETV therapy. Four
(0.6%) patients died, two due to complications of cirrhosis or HCC and two from non-liver
causes. Six patients, all of who had HCC, underwent liver transplantation.

There were no differences in these secondary outcomes between patients at university and
community settings.

Discussion

ENUMERATE is the largest US “real-world” study of ETV treatment with 658 patients
from 26 centers showing that ETV is safe and effective at HBV DNA suppression, ALT
normalization, and HBeAg seroconversion. These patients were predominantly foreign-born
(61%), Asians (83%), HBeAg-negative (64%), with a relatively low baseline ALT (60 U/L)
and HBV DNA level (5.8 log 10 1U/mL). Although 61 (9.3%) patients had cirrhosis at
baseline, only 5 patients developed new hepatic decompensation and only 2 died due to
liver-related causes during a median follow-up of 4 years. Eighteen patients were diagnosed
with HCC including 10 who did not have cirrhosis at baseline. Because liver biopsies or
non-invasive assessments of cirrhosis were not routinely performed at the start of treatment,
it is possible that some of these 10 patients may have had compensated cirrhosis that was not
recognized. Given the small number of HCC cases, no clear relationship between HBV
DNA suppression and the diagnosis of HCC can be concluded although it is of interest that
undetectable HBV DNA was not protective against the subsequent development of HCC.

ALT normalization rates at 1 year were 65.9% for HBeAg-positive and 72.8% for HBeAg-
negative patients, similar to that reported in Phase 111 study of 65.9% and 72.8%,
respectively (1,2) when a traditional cutoff of 40 U/L was used to define “normal” ALT, but
significantly lower, 37.2% for HBeAg-positive patients and 39.6% for HBeAg-negative
patients, when cutoffs of 30 U/L for men and 19 U/L for women were used. The possibility
that concomitant liver disease such as alcoholic or nonalcoholic fatty liver disease, hepatitis
C or hepatitis D could have contributed to the lower ALT normalization rates cannot be
excluded as the study design did not systematically record alcohol use or require baseline
viral hepatitis C, hepatitis D, or HIV testing or protocol liver biopsies. Undetectable HBV
DNA rates at 1 year were lower in our study, 34.6% for HBeAg-positive and 81.9% for
HBeAg-negative patients compared to 67% and 90%, respectively in Phase |11 trials. HBeAg
seroconversion rate at 1 year was also lower in our study, 8.9% compared to 21% in the
Phase 111 trial. These lower rates of response may reflect the difference between clinical
trials that enrolled selected patients who were provided free medications and monitored
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closely and effectiveness observations in “real-world” settings enrolling a more
heterogeneous, potentially less-adherent patient pool with a wider possible range of
comorbidities and demographics.

Similar to the Phase I1I trials, serious adverse events were rare and only 8 (1.2%) patients
required dose reduction or treatment discontinuation due to adverse events. However, overall
changes in dose and treatment discontinuations were common. Of note, 8.1% of patients had
increase in dose of ETV from 0.5 to 1.0 mg/day, mostly due to persistent viremia. Virologic
breakthroughs were observed in only 4 (0.6%) patients though none were tested for
genotypic resistance. Treatment was switched to tenofovir in 2 patients and ETV dose was
increased in the other two patients.

ETV-related lactic acidosis was reported in 5 patients with decompensated cirrhosis but
lactic acidosis was not observed in two prospective studies of ETV in patients with
decompensated cirrhosis. (22—25) Two patients in our study who did not have baseline
cirrhosis and did not progress to hepatic decompensation, developed non-fatal lactic
acidosis. Both had ETV dose increase to 1.0 mg/day and were ambulatory patients with
normal creatinine and bilirubin at the time of presentation with lactic acidosis. Neither
required hospital admission. Both patients had no recurrence of symptoms after
discontinuation of ETV and substitution with another antiviral agent.

Results from other “real-world” cohorts with chronic HBV who received ETV treatment are
summarized in Table 3. Most of these were retrospective, single center studies with small
sample size and short duration of follow up, and variable response rates. The largest study to
date was a subgroup analysis of 1663 (29% HBeAg negative) Chinese patients showing a 1-
year rate of undetectable HBV DNA of 60%, ALT normalization of 87%, and HBeAg
seroconversion rate of 15% in HBV treatment-naive patients; there were no significant
adverse events. (12) Several multi-center studies from Europe reported similar results. (26—
27) An ltalian multicenter study of 418 patients (83% HBeAg-negative, 49% cirrhotic)
found that by year 5, 100% of both HBeAg-positive and HBeAg-negative patients had
undetectable HBV DNA, 52% had HBeAg seroconversion, and 33% had HBsAg loss. (28)
The high rate of HBsAg loss in this study has not been observed in other studies. We
observed lower rates of ALT normalization when using the more stringent normal ALT
cutoff of 30 for men and 19 for women, and undetectable HBV DNA compared to other
“real-world” studies. Our patients were predominantly Asian but our response rates
remained lower even when compared to other studies from Asia.

The limitations of this study are inherent in its retrospective study design. The lack of a
standardized monitoring protocol may have led to underreporting of adverse events or
clinical outcomes. Laboratory tests were performed locally, which could have influenced our
assessment of virologic response. Nevertheless, the lower limits of detection of HBV DNA
assays were fairly similar throughout the sites as all sites used PCR assays with detection
limits between 10-400 IU/mL. The types and frequency of other laboratory tests varied
widely across sites, and contributed to the exclusion of 166 patients due to incomplete
baseline laboratory data. Our study included both university and community sites, and
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therefore reflects inherent “real-world” variation in practice patterns which differ
significantly from standardized clinical trial protocols.

The potential weaknesses of the study such as allowing inclusion of a more heterogeneous
pool of patients who would not qualify for Phase 111 studies e.g. patients who had normal
ALT or low HBV DNA at baseline or those who were initiated on a higher ETV dose of 1.0
mg daily can be its strength as it can better reflect the “real-world” practice of HBV
treatment. The strengths of this study are its robust sample size, diverse mix of patients from
university and community settings from different geographic regions of the United States,
and long-term follow-up of the cohort. We observed a high rate of treatment discontinuation,
which did not appear to be attributable to treatment failure or provider recommendation, and
likely reflect “real-world” challenges in maintaining patients on long term HBV treatment.

In summary, our study of a large cohort of “real-world” patients who received ETV for
chronic hepatitis B in the US demonstrated safety and long-term effectiveness despite a
heterogeneous patient population and challenges in ensuring adherence to ETV and follow-
up in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALT alanine aminotransferase

Anti-HBe hepatitis B e antibody

AST aspartate aminotransferase
ETV entecavir

FDA Food and Drug Administration
GFR glomerular filtration rate

HBeAg hepatitis B e antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus
HCC hepatocellular carcinoma
IRB institutional review board
KM Kaplan-Meier
MDRD modification of diet in renal disease
ULN upper limit of normal
us United States
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Figure 1.

a- ALT normalization by HBeAg status with normal ALT defined as < 30 U/L for men and <
19 U/L for women
b- ALT normalization by HBeAg status with normal ALT defined as < 40 U/L for both men
and women
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HBV DNA undetectable rates by HBeAg status
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Kaplan-Meier Cumulative Probability of HBeAg loss and HBeAg seroconversion
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Kaplan-Meier Cumulative Probability of HBsAg loss by HBeAg status
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