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ABSTRACT

Introduction: This study aimed to characterize
chronic hepatitis B (CHB)-infected patients and
estimate the association between nucleos(t)ide
analogue (NA) persistence and economic out-
comes using data from the Veterans Health
Administration (VHA) database.
Methods: Patients (at least 18 years of age) with
two or more claims for CHB and at least one
pharmacy claim for NA were identified using

VHA data from 1 April 2013 to 31 March 2018.
The index date was the first NA prescription fill
date during 1 October 2014 to 31 March 2017.
Persistence and non-persistence to NA treat-
ment were assessed during the first 2 years post
index date. Non-persistence was defined as at
least one failure to refill medication within
30 days from the run-out date. Generalized lin-
ear models were used to compare health care
utilization and costs between persistent and
non-persistent patients.
Results: Among patients treated with NAs
(N = 2368), 1428 (60%) were CHB mono-in-
fected and 748 (32%) were HIV co-infected.
Total costs per patient per year (PPPY) were
$39,240, $29,957, and $55,220 PPPY for NA-
treated, mono-infected, and HIV co-infected
patients, respectively. An inception cohort of
564 patients (24%), without a NA prescription
in the 6 months pre-index period and at least
2 years of follow-up, was created. Persistence
among the inception cohort was 29% for first
year and 14% for first 2 years. After adjustment
for baseline differences, persistent patients had
lower cumulative overall health care costs
compared to non-persistent patients, with a net
cost saving of $851 (p[ 0.05) in the first 2 years.
Conclusion: CHB is associated with consider-
able economic burden. We observed suboptimal
persistence to NAs which decreased over time.
Short-term savings could be generated for CHB-
infected patients when they remain persistent
to NAs.
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Key Summary Points

Why carry out this study?

There is a lack of evidence regarding
treatment persistence to nucleos(t)ide
analogues (NAs) and the economic burden
among persistent patients with chronic
hepatitis B (CHB) versus those who are
not.

This study evaluated patient
characteristics and health care utilization
and costs in the NAs-treated CHB-infected
US veteran population, stratified by co-
infection and persistence.

What was learned from the study?

Persistence among newly treated patients
with CHB was 29% for 1st year and 14%
for first 2 years with a net cost saving of
$851 for persistent patients compared to
non-persistent patients.

There is a significant short-term cost
saving for CHB-infected patients when
they remain persistent to their NAs during
the first 2 years of follow-up.

Thus, there is an unmet medical need for
effective treatments with a finite duration
that can help provide sustained
undetectable viral load or functional cure
to achieve desired treatment benefits for
patients with CHB.

INTRODUCTION

Hepatitis B virus (HBV) infection is a global
public health problem affecting an estimated
292 million people worldwide [1]. In the USA,
3.1 million people are affected by chronic hep-
atitis B (CHB) virus infection [1], and nearly
40% of patients with CHB die annually as a
result of complications such as cirrhosis and

hepatocellular carcinoma (HCC) [2, 3]. Despite
the availability of a prophylactic vaccine, the
number of people diagnosed with CHB contin-
ues to rise primarily because of the asymp-
tomatic nature of the first stages of the disease
[4]. Moreover, 31.6% of adults with chronic
conditions have HBV vaccine coverage (at least
three doses) per the Centers for Disease Control
and Prevention (CDC) [5].

The American Association for the Study of
Liver Disease (AASLD) and European Associa-
tion for the Liver (EASL) guidelines define
functional cure as the induction of sustained,
undetectable hepatitis B surface antigen loss
(HBsAg) and hepatitis B virus (HBV) DNA in
serum with or without seroconversion to hep-
atitis B surface antibody (anti-HBs) after com-
pletion of a finite course of treatment [6].
Functional cure is the optimal CHB treatment
endpoint; however, it is rarely achieved with
current antiviral treatments [7, 8]. In fact,
functional cure during long-term nucleos(t)ide
analogue (NA) therapy may occur in only 1–3%
of cases [9–11]. Treatment with interferon and
its pegylated forms offers a slightly higher rate
of functional cure (5–7%); however, these
therapies are rarely used given their suboptimal
safety and tolerability profile [8].

Similarly, other current CHB treatments,
such as NAs, rarely lead to functional cure (e.g.,
sustained HBsAg loss and undetectable HBV
DNA), leading patients to require a chronic
treatment duration (often lifetime) to achieve
desired benefits. Consequently, life-long treat-
ment represents a clinical and economic burden
for patients with CHB that includes liver disease
progression, negative effects on quality of life,
increased medical resource utilization and poor
outcomes associated with suboptimal adher-
ence, and increased health care visits and hos-
pitalizations [12–14]. Current guidelines
underscore that optimal medication adherence
to CHB treatment is required to attain the best
(clinical) results. Non-adherence to treatment is
the main driver for suboptimal treatment
response among patients with CHB resulting in
virological failure, HBV flares, and increased risk
of mortality [15–17]. Currently there is a need
to better understand the medication-taking
behavior of patients with CHB. However,
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assessing adherence using real-world databases
is challenging because there is limited infor-
mation on daily dosing and medication-taking
behavior. Therefore, treatment persistence,
which measures the duration of a prescribed
treatment, might allow for the evaluation of
patients’ health outcomes using real-world
evidence.

Treatment persistence to NAs among
patients with CHB is not well documented.
Furthermore, there is a lack of evidence
regarding the economic burden among persis-
tent patients with CHB versus those who are
not. The primary objectives of this study were to
describe the patient characteristics, utilization,
and costs among a cohort of CHB-infected US
veterans treated with NAs (stratified by the co-
infection and persistence). The secondary
objectives included describing the medical
resource utilization costs among persistent and
non-persistent CHB-infected patients using an
inception cohort with no prior NAs use. The
inception cohort was created to mitigate the
risk of misclassifying NA-treated patients with
HIV co-infection and prior NA use.

METHODS

Study Design and Data Source

This was a retrospective study using medical,
pharmacy, and enrollment records from the
Veterans Health Administration (VHA) database
from April 1, 2013 to March 31, 2018. The VHA
is the largest integrated health care system in
the USA, providing care for veterans and their
families across the country. In addition, veter-
ans have a 2- to 3-fold higher prevalence of CHB
infection compared to the general US popula-
tion [18–20]. The inpatient data contains
information for each hospital admission
including primary diagnosis at admission, type
of discharge, and length of stay (LOS), whereas
the outpatient files contain outpatient visit,
procedure, and diagnosis costs. The VHA Deci-
sion Support System consists of laboratory test
utilization and cost information related to
inpatient and outpatient, pharmacy, and radi-
ology services [21].

Compliance with Ethics Guidelines

This retrospective database analysis did not
involve the collection, use, or transmittal of
individual identifiable data. As such, institu-
tional review board approval to conduct this
study was not required and is considered exempt
according to 45CFR46.101(b)(4): Existing Data
& Specimens—No Identifiers. Both the data set
itself and the security of the offices where the
data are housed meet the requirements of the
Health Insurance Portability and Accountability
Act of 1996.

Patient Selection

Overall Cohort
Adult patients (aged 18 years or more) with at
least two medical claims for CHB (International
Classification of Disease, 9th Revision, Clinical
Modification [ICD-9-CM] codes 070.22, 070.23,
070.32, 070.33, V02.61; ICD-10-CM: B18.0,
B18.1, Z22.51) were identified between April 1,
2013 and March 31, 2018. The first observed
CHB diagnosis date during the observation
period in the VHA database was identified as the
index diagnosis date. Patients were included if
they had at least one pharmacy claim for a NA
on or after the index diagnosis date through
March 31, 2017. NAs included treatment with
lamivudine (LAM), adefovir (ADV), entecavir
(ETV), telbivudine (TBV), and tenofovir (TDF).
The first NA prescription date was designated as
the index date. Patients were required to have
continuous VHA health plan enrollment with
medical and pharmacy benefits for at least
6 months prior to (baseline period) and at least
12 months post index date (follow-up period).
Patient data was assessed until the earliest of
health plan disenrollment, death, or the end of
the study period. Incident patients with CHB
were excluded from the study if they had at
least one medical claim for cirrhosis, HCC, liver
failure, or liver transplantation in the 6 months
prior to the index date, since these liver out-
comes may be an indication of advanced liver
disease (Fig. 1).
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Inception Cohort
A feasibility analysis indicated that 66% of the
overall cohort population had evidence of prior
NAs use during the 6-month baseline period,
possibly due to HIV co-infection. To mitigate
the risk of misclassifying the patient at index,
an inception cohort of new NA users was cre-
ated from the overall cohort by excluding
patients who had evidence of prior NA use
during the baseline period. Patients in the

inception cohort were required to have (1) at
least 24 months of continuous VHA health plan
enrollment with medical and pharmacy benefits
post index date; and (2) no evidence of phar-
macy claims for a NA during the 6 months or
more prior to index date. Two years was the
longest follow-up period that yielded a large
enough sample size to capture the economic
outcomes associated with NA persistence.
Among the inception cohort, patients were

Fig. 1 Patient selection flow diagram. ADV adefovir,
CHB chronic hepatitis B, ETV entecavir, HCC hepato-
cellular carcinoma, LAM lamivudine, NAs nucleos(t)ide

analogues, Peg-IFN-2a pegylated interferon, TBV tel-
bivudine, TDF tenofovir
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classified as persistent vs non-persistent. The
persistent and non-persistent cohorts were cre-
ated on the basis of treatment persistence of the
index NA. Persistence to index therapy was
defined on the basis of a 30-day discontinuation
gap. If there was a gap of longer than 30 days
between two NA prescriptions, then the patient
was assigned to the non-persistent cohort;
otherwise, the patient was considered persistent
to their index NA.

Study Variables

Baseline Variables
Baseline and clinical characteristics during the
6 months prior to the index date were mea-
sured. Baseline characteristics included demo-
graphic (age, sex, race) and clinical
characteristics (Charlson comorbidity index
[CCI] score, and individual comorbid condi-
tions identified via ICD-9-CM and ICD-10-CM
codes). The CCI score is a weighted summation
of 19 conditions and assigns a weight ranging
from 1 to 6 according to disease severity [22].
Laboratory test values including HBV DNA
([1 million IU/ml, C 20,000 IU/ml,\2000 IU/
ml, and C 2000 IU/ml), alanine aminotrans-
ferase (ALT), presence of hepatitis B e-antigen
(HBeAg), and hepatitis B surface antigen
(HBsAg) were evaluated if at least one value was
recorded during ± 90 days of the index date.
FIB-4 is an index used to determine fibrosis level
and is calculated from age, aspartate amino-
transferase (AST), ALT, and platelet levels using
the value closest to the index date (± 90 days of
the index date). The FIB-4 score was calculated
using the following formula: (Age 9 AST)/
(Platelet 9 HALT). In addition, a cutoff of less
than 1.45 and greater than 3.25, which has
shown a sensitivity of 70% and a specificity of
97% in the literature, was used [23]. Other
baseline variables including co-diagnosis with
hepatitis C, hepatitis D, HIV/AIDS, and baseline
health care costs and utilization during the
6-month baseline period were evaluated.

Outcomes Variables
All-cause health care costs and resource utiliza-
tion per patient per year (PPPY) were evaluated

among the overall cohort patients during the
follow-up period. To account for different fol-
low-up periods, health care costs and utilization
were annualized by dividing the sum by month
of follow-up and multiplied by 12. All-cause
health care costs and resource utilization during
year 1 of follow-up and during the entire first
2 years of follow-up were then evaluated using
the inception cohort. The number of patients
utilizing health care services was calculated,
including the number of inpatient admissions,
number of inpatient days (across all hospital-
ization), number of outpatient visits, and
number of pharmacy claims. The calculated
costs were comprised of inpatient, outpatient,
pharmacy, and total costs (inpatient ? outpa-
tient ? pharmacy). Costs were adjusted to 2018
US dollars using the medical care component of
the Consumer Price Index (CPI).

Statistical Methods

Statistical analyses were conducted using Sta-
tistical Analysis System (SAS) v.9.3. (Cary, North
Carolina, USA). All study variables were exam-
ined descriptively for patients in the overall
cohort. For the inception cohort, all study
variables were assessed and compared between
persistent vs non-persistent patients during the
first 2 years of the follow-up period. Percentages
and counts were provided for categorical vari-
ables. Means and standard deviations (SDs) were
computed for continuous variables. p values
were calculated according to the chi-square test
for categorical variables; t tests were used for
continuous variables.

A generalized linear model (GLM) with log-
link and a gamma-distribution was applied to
compare adjusted all-cause health costs and
utilization between persistent and non-persis-
tent cohorts. Since a large proportion of zeros
usually exist in health care cost variables such as
inpatient admissions, length of stay (LOS), and
inpatient costs, two-part models were imple-
mented, in which the first part is a logistic
regression of any service use, and the second
part a GLM regression of cost [24]. On the basis
of model fitting and to control for confounders,
the following variables were controlled in the
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GLM model: age, sex, race, baseline comor-
bidities (atherosclerosis, malignancy, diabetes
mellitus, chronic kidney disease, alcohol abuse/
dependence, hypertension, and non-alcoholic
fatty liver disease [NAFLD]), and co-diagnoses
with hepatitis C, D, or HIV/AIDS. The level of
significance for p values was set at a-level 0.05.

RESULTS

Overall Cohort

A total of 3077 US veterans aged 18 years or
more were infected with CHB and had an index
NA treatment between the CHB diagnosis date
and March 31, 2017. From this sample, 702
patients were excluded because they had a
diagnosis of cirrhosis, liver failure, HCC, or liver
transplant during the 6-month baseline period.
Additionally, seven patients treated with
peginterferon alfa were excluded. After appli-
cation of the inclusion and exclusion criteria,
the final analytical sample comprised an overall
cohort of 2368 patients treated with NAs
(Fig. 1).

Among these patients, 1564 (66%) had evi-
dence of prior use of NAs during the baseline
period, 1428 (60.3%) patients were CHB mono-
infected and 748 (32%) patients were co-in-
fected with HIV (Fig. 2).

In addition, 298 (12.6%) patients were co-
diagnosed with hepatitis C, and 54 (2.3%) were
co-diagnosed with hepatitis D during the base-
line period (results not shown).

Baseline Characteristics
Table 1 illustrates the baseline characteristics of
the overall NA-treated patients, stratified by
CHB mono-infection and HIV co-infection.

The mean age of the overall NA-treated
patients was 58.1 years; 40.4% were White and
41.8% were Black. Most identified patients were
men (96%), which was expected given that VHA
beneficiaries consist of a predominantly male
population. The average CCI score of the overall
NA-treated patients was 3.7. HBV DNA and ALT
tests were performed in 52.4% and 89.1% of the
overall cohort, respectively. Most patients had
evidence of HBV DNA C 2000 IU/ml (41.9%)

with an average ALT level of 50.2 U/l. Among
patients that had a lab value for HBsAg, nearly
30% tested HBsAg positive (among 884 patients
that had a claim for HBsAg ± 90 days from the
index date). Chronic kidney disease (CKD) and
alcohol abuse/dependence occurred, respec-
tively, in 13.2% and 11.8% of all NA-treated
patients. The proportions of patients with
malignancy, diabetes, hypertension,
atherosclerosis, and non-alcoholic fatty liver
disease (NAFLD) were 11.7%, 20.9%, 43.6%,
6.9%, and 2.0%, respectively.

The CHB mono-infected and HIV co-infected
patients had similar age. The CCI scores were
higher among HIV co-infected patients (7.4 vs
1.9) compared to CHB mono-infected patients.
HBeAg testing was conducted in 32.2% of
patients with a higher proportion of CHB
mono-infected patients who tested HBeAg neg-
ative (25.3% vs 7.0%) than HIV co-infection
patients. The proportion of patients with a FIB
score greater than 3.25 was higher in CHB
mono-infected (11.1% vs 9.1%) than HIV co-
infected patients. These laboratory test results
should be interpreted with caution given that
they were evaluated using one result value that
was recorded closest to ± 90 days of the index
date. Rates of malignancy (9.6% vs 12.5%),
hypertension (36.1% vs 45.9%), and diabetes
mellitus (14.5% vs 24.3%) were lower in HIV co-
infected patients compared to CHB mono-in-
fected patients. During the baseline period, HIV
co-infected patients utilized more health care
resources, which resulted in increased overall
total costs vs CHB mono-infected patients.

Unadjusted Follow-up Health Care Utilization
and Costs PPPY
On average, all NA-treated patients had 0.3
inpatient admissions, 23.4 outpatient visits, and
30.6 prescription claims. Total costs PPPY for
overall NAs treated were $39,240 (Fig. 3).

CHB mono-infected patients had fewer
inpatient admissions (0.3 vs 0.5), shorter inpa-
tient LOS (2.8 days vs 6.4 days), and fewer pre-
scription claims (28.1 vs 34.2) PPPY than HIV
co-infected patients (Fig. 3). CHB mono-in-
fected patients incurred average total costs PPPY
of $29,957 vs $55,220 in HIV co-infected
patients. The main cost differences between
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CHB mono-infected and HIV co-infected were
higher inpatient costs ($7072 vs $12,845 PPPY)
and pharmacy costs ($9529 vs $22,977 PPPY) in
HIV co-infected patients (Fig. 3).

Inception Cohort

Among patients with at least 2 years of follow-
up, 164 (29%) were persistent and 400 (71%)
were non-persistent to their NA during the first
year. Persistence decreased over time with only
77 (14%) patients who were persistent and 487
(86%) patients who were non-persistent to their
NA during the first 2-year follow-up period
(Fig. 1).

Patient Characteristics
Supplemental Table 1 presents the baseline
characteristics among persistent vs non-persis-
tent patients during the 2-year follow-up per-
iod. Persistent and non-persistent patients were

similar in age. Rates of malignancy (10.45% vs
11.1%), diabetes mellitus (16.9% vs 18.5%),
chronic kidney disease (5.2% vs 11.5%), alcohol
abuse/dependence (9.1% vs 14.2%), hyperten-
sion (41.6% vs 43.9%), and co-diagnosis with
hepatitis C, D, or HIV/AIDS (23.4% vs 27.3%)
were non-significantly lower among persistent
patients compared to non-persistent patients.
Persistent patients had a significantly lower
number of inpatient admissions (0.1 vs 0.3),
shorter inpatient LOS (1.3 vs 3.7), and lower
inpatient ($1632 vs $8064) and total costs
($7369 vs $16,522) compared to non-persistent
patients.

Follow-up All-cause Health Care Utilization
and Costs
A summary of all-cause health care costs and
utilization between the persistent and non-
persistent patients is presented in Table 2. In
these descriptive analyses, compared to non-

Fig. 2 Overall NA-treated chronic hepatitis B patients
with and without baseline NA utilization. CHB chronic
hepatitis B, HIV human immunodeficiency virus, NAs
nucleos(t)ide analogues. aPatients with C 1 pharmacy
claim for LAM, ADV, ETV, TBV, or TDF 6 months
pre index date. bPatients without C 1 pharmacy claim for

LAM, ADV, ETV, TBV, or TDF 6 months pre-index date.
cPatients with C 1 diagnosis of HIV/AIDS during the
entire study period. dPatients without C 1 diagnosis of
hepatitis C, HIV/AIDS, or hepatitis D during the entire
study period
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Table 1 Patient demographic and clinical characteristics among overall NA-treated patients: mono-infected with CHB and
co-infected with HIV subgroups

Overall NA-treated
patients
N = 2368

Mono-infected with
CHB
N = 1428

Co-infected with
HIV
N = 748

On the index date

Age, mean (SD) 58.1 (12.5) 58.9 (14.3) 56.9 (9.0)

Age group (years), n (%)

18–34 105 (4.4%) 94 (6.6%) 6 (0.8%)

35–54 713 (30.1%) 382 (26.8%) 284 (38.0%)

55–64 835 (35.3%) 414 (29.0%) 316 (42.2%)

65? 715 (30.2%) 538 (37.7%) 142 (19.0%)

Sex, n (%)

Male 2272 (95.9%) 1342 (94.0%) 742 (99.2%)

Female 96 (4.1%) 86 (6.0%) 6 (0.8%)

Race, n (%)

White 956 (40.4%) 570 (39.9%) 293 (39.2%)

Black 989 (41.8%) 524 (36.7%) 395 (52.8%)

Other 300 (12.7%) 256 (17.9%) 25 (3.3%)

Unknown 123 (5.2%) 78 (5.5%) 35 (4.7%)

On the index date ± 90 days

Index laboratory values

HBV DNA levels, n (%)a 1240 (52.4%) 829 (58.1%) 303 (40.5%)

[ 1 million IU/ml 131 (5.5%) 93 (6.5%) 24 (3.2%)

C 20,000 IU/ml 64 (2.7%) 40 (2.8%) 19 (2.5%)

C 2000 IU/ml 992 (41.9%) 659 (46.1%) 250 (33.4%)

\ 2000 IU/ml 53 (2.2%) 37 (2.6%) 10 (1.3%)

ALT Levels, n (%) 2109 (89.1%) 1251 (87.6%) 682 (91.2%)

Mean (among patients with ALT records),

(SD)

50.2 (84.1) 53.9 (94.3) 38.2 (43.8)

HBsAg, n (%)a 844 (35.6%) 583 (40.8%) 178 (23.8%)

Positive 706 (29.8%) 510 (35.7%) 132 (17.6%)

Negative 138 (5.8%) 73 (5.1%) 46 (6.1%)

HBeAg, n (%)a 762 (32.2%) 566 (39.6%) 115 (15.4%)

Positive 303 (12.8%) 205 (14.4%) 63 (8.4%)

Negative 459 (19.4%) 361 (25.3%) 52 (7.0%)
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persistent patients, persistent patients had sig-
nificantly fewer inpatient admissions during
first year follow-up (0.2 vs 0.4) or first 2 years of
follow-up (0.4 vs 0.8) of treatment. Persistent
patients also had fewer days in the hospital
during the first year (1.6 vs 5.6 days) or first

2 years (3.1 vs 11.4 days) (all p\0.05) of treat-
ment. Consequently, the persistent patients
incurred lower cumulative all-cause health care
costs during the first year ($31,971 vs $38,340;
p = 0.217) and the first 2 years of follow-up
($61,712 vs $70,493; p = 0.284), with net cost

Table 1 continued

Overall NA-treated
patientsN = 2368

Mono-infected with
CHBN = 1428

Co-infected with
HIVN = 748

Fibrosis level, n (%)a 1902 (80.3%) 1092 (76.5%) 648 (86.6%)

F\ 1.45 812 (34.3%) 468 (32.8%) 281 (37.6%)

F[ 3.25 253 (10.7%) 159 (11.1%) 68 (9.1%)

6 months pre index date (baseline period)

Charlson comorbidity index score, mean

(SD)

3.7 (3.1) 1.9 (1.7) 7.4 (2.0)

Baseline comorbidities, n (%)

Malignancy 277 (11.7%) 178 (12.5%) 72 (9.6%)

Diabetes mellitus 496 (20.9%) 347 (24.3%) 108 (14.4%)

Chronic kidney disease 312 (13.2%) 163 (11.4%) 118 (15.8%)

Alcohol abuse/dependence 279 (11.8%) 135 (9.5%) 100 (13.4%)

Hypertension 1032 (43.6%) 655 (45.9%) 270 (36.1%)

Atherosclerosis 163 (6.9%) 100 (7.0%) 47 (6.3%)

Non-alcoholic fatty liver disease 48 (2.0%) 38 (2.7%) 7 (0.9%)

Baseline all-cause health care utilization, mean (SD)

No. inpatient admissions 0.2 (0.7) 0.2 (0.6) 0.3 (0.8)

No. inpatient days 2.8 (12.4) 1.8 (10.5) 4.1 (14.4)

No. outpatient visit 12.1 (11.8) 11.5 (10.7) 12.3 (12.8)

No. prescription claims 14.7 (16.3) 13.3 (15.6) 16.6 (16.7)

Baseline all-cause health care costs, mean (SD)

Inpatient costs $6771 ($28,133) $5109 ($26,912) $9404 ($31,437)

Outpatient costs $7585 ($9253) $6354 ($7984) $8869 ($9651)

Pharmacy costs $4565 ($10,530) $3039 ($11,407) $7227 ($6828)

ALT alanine aminotransferase, CHB chronic hepatitis B, HBeAg hepatitis B e-antigen, HBsAg hepatitis B surface antigen,
HBV hepatitis B virus, NAs nucleos(t)ide analogues, SD standard deviation
a Laboratory tests were evaluated using one laboratory test result value recorded the closest to ± 90 days of the index date.
Not all patients had a claim for these laboratory tests. Therefore, the results should be interpreted with caution
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savings of $8781 at 2 years compared to non-
persistent patients. However, the differences in
the overall health care costs were not statisti-
cally significant. After adjustment for baseline
demographic and clinical characteristics using
GLM, persistent patients had a significantly
lower average number of inpatient admissions
during the first year (0.2 vs 0.4) and during the
first 2 years (0.4 vs 0.8) and had fewer days in
the hospital during the first year (3.1 vs
5.6 days) and during the first 2 years (5.3 vs
11.4 days) compared to non-persistent (all
p\0.05). Similarly, persistent patients were
associated with lower overall health care costs
during the first year ($1198; p[ 0.05) and first
2 years ($851; p[ 0.05) of follow-up compared
to non-persistent patients. The primary costs
drivers for non-persistent patients were inpa-
tient costs, which cumulatively increased by
$7889 (p = 0.001) during the first 2 years com-
pared to persistent patients. The higher phar-
macy costs in persistent patients were offset by
lower inpatient costs.

DISCUSSION

This study was conducted to better characterize
CHB-infected patients and quantify the rela-
tionship between NA persistence and economic
outcomes using real-world data from the VHA
database. CHB was observed to be associated
with considerable clinical and economic

burden. About 60% of the overall cohort of NA-
treated patients were CHB mono-infected,
whereas 32% of the sample was co-infected with
HIV. Similarly, Moorman et al. [25] found that
31.7% of patients with CHB analyzed from
electronic medical records of an integrated
health care system in the USA were co-infected
with HIV. In the current analysis, patients
treated with NAs had a greater proportion of
complications and infections including hyper-
tension, diabetes mellitus, chronic kidney dis-
ease, malignancy, and alcohol abuse/
dependence, particularly in the CHB mono-in-
fected patients vs HIV co-infected patients. One
possible explanation for these findings is that
our study may have captured a cohort of
patients with CHB with longer disease duration.
However, the exact disease duration was
unknown given that the study sample included
a prevalent CHB cohort. In addition, HIV co-
infected patients may seek care more frequently
as part of their HIV management which may
result in additional preventative care compared
to CHB mono-infected patients.

To explore the disease burden of CHB, base-
line characteristics of mono-infected CHB trea-
ted patients were examined. These patients had
fewer comorbidities and incurred lower all-
cause heath costs compared to overall NA-trea-
ted patients. The subgroup of HIV co-infected
patients had higher CCI scores and higher dis-
ease severity compared to the overall NA-treated
patients, resulting in higher baseline heath care

Fig. 3 Unadjusted health care costs and utilization among
overall NA-treated patients stratified by mono-infected
with CHB and the co-infected with HIV subgroups. CHB

chronic hepatitis B, NA nucleos(t)ide analogues, PPPY per
patient per year
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costs which could be as a result of receiving care
for HIV infection.

HBV DNA quantification is a useful marker
for diagnosis of CHB and the presence of HBsAg
for at least 6 months is used to define chronic vs

acute conditions. The AASLD recommends that
ALT and HBsAg levels are measured at least
every 6 months for patients with CHB. In our
study, the frequency of testing was much lower,
and only 52.4%, 89.1%, 35.6%, and 32.2% of

Table 2 Follow-up unadjusted and adjusted health care resource utilization and costs among persistent and non-persistent
patients in the VHA population

Persistent
N = 77

Non-
persistent
N = 487

Unadjusted
p value

Persistent
N = 77

Non-
persistent
N = 487

Adjusted
p value

Unadjusted
mean

Unadjusted
mean

Adjusted
mean

Adjusted
mean

Follow-up all-cause health care utilization: first year

No. inpatient

admissions

0.2 0.4 0.005 0.2 0.4 \ 0.0001

No. inpatient days 1.6 5.6 0.003 3.1 5.6 0.0482

No. outpatient visits 20.0 24.9 0.047 20.7 22.8 0.3161

No. prescription

claims

27.1 27.8 0.769 27.5 25.1 0.305

Follow-up all-cause health care costs: first year

Inpatient costs $4455 $9813 0.035 $7740 $9714 0.224

Outpatient costs $14,172 $16,951 0.292 $13,250 $14,854 0.1442

Pharmacy costs $13,344 $11,575 0.318 $11,937 $10,071 0.2461

Total costs $31,971 $38,340 0.217 $30,679 $31,877 0.1386

Follow-up all-cause health care utilization: first 2 years

No. inpatient

admissions

0.4 0.8 0.012 0.4 0.8 \ 0.0001

No. inpatient days 3.1 11.4 0.002 5.3 11.4 0.002

No. outpatient visits 37.0 47.1 0.016 37.7 43.2 0.1424

No. prescription

claims

51.9 53.2 0.783 52.6 47.5 0.2609

Follow-up all-cause health care costs: first 2 years

Inpatient costs $7274 $19,011 0.002 $10,594 $18,483 0.001

Outpatient costs $27,633 $30,613 0.507 $25,367 $27,229 0.4038

Pharmacy costs $26,805 $20,869 0.048 $23,664 $18,135 0.0412

Total costs $61,712 $70,493 0.284 $58,450 $59,301 0.2781

VHA Veterans Health Administration
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patients were found to have had at least one
HBV DNA, ALT, HBsAg, and HBeAg test,
respectively, during the 6-month baseline per-
iod. Previous studies have shown that patients
had laboratory tests at lower frequency than the
recommended guidelines which might result in
underdiagnosis of CHB [26]. This may delay
initiation of antiviral therapy, leaving patients
at risk for disease progression and potentially
leading to higher economic burden associated
with the disease. Among patients with CHB
who had available laboratory tests, the number
of patients with CHB that had an unde-
tectable viral load was relatively low in our
study which could be an indication of limited
effectiveness of NAs in the real-world settings or
persistence concerns that could have led to
non-occurrence of HBV DNA suppression.
However, caution should be exercised when
interpreting these data given that only one
laboratory test value recorded within 90 days of
the index date was used to capture HBV DNA
values.

Most studies in the literature have evaluated
the cost-effectiveness of immunization or
treatment interventions for CHB [27, 28]. Yuan
et al. [29] reported the annual costs associated
with various liver outcomes among patients
prescribed LAM and ETV. Estimates in 2006
were $1130 ($1408 in 2018) for compensated
cirrhosis, $15,085 ($18,790 in 2018) for
decompensated cirrhosis, and $9923 ($12,359
in 2018) for HCC in the USA. In our study, the
unadjusted costs among overall NA-treated
patients were $39,240 PPPY. Expenditures were
lower among mono-infected patients with CHB
($29,957 PPPY) and higher among those co-in-
fected with HIV ($55,220 PPPY). Patients co-
infected with HIV had greater disease severity
and CCI scores compared to the mono-infected
CHB population, which may have contributed
to the higher costs among these patients.

Overall, we observed suboptimal persistence
to NA current standard of care and a decrease in
persistence over time. Our data demonstrated a
29% NA persistence level during year 1 of fol-
low-up, which decreased to 14% during year 2
of follow-up. Although most of the published
literature on CHB treatment has evaluated
adherence [30–32], and indicated trends similar

to those observed in our study with suboptimal
adherence and a decrease in adherence over-
time, Chotiyaputta, et al. reported that persis-
tence decreased to 94.2% after 3 months, 77.6%
after 6 months, 74.7% after 9 months, and
73.4% after 12 months on medication among
patients with CHB with no prior exposure to
NAs [33].

Current guidelines for CHB therapy recom-
mend continued treatment with NAs to achieve
better outcomes [34]. Chronic lifelong treat-
ments may lead to a drop in persistence over
time as observed in our study (decreased NA
persistence after the 2-year follow-up period).
These results are consistent with previous
results reported in other chronic conditions
which have reported a decrease in the rate of
patients who persistently adhere to the pre-
scribed medication for a chronic condition,
particularly within the first 6 months of therapy
[35–38]. Further research is needed to confirm
this trend in patients with longer follow-up
time.

In the current study, multiple factors may be
associated with non-persistence or discontinu-
ation including occurrence of adverse events,
death, or receipt of care outside the VHA sys-
tem. In addition, approximately 27–32% of
patients in this analysis were at least 65 years of
age. There is a possibility that these patients
received care through Medicare and hence their
complete medical and treatment history may
not have been captured.

This study demonstrated that maintaining
persistence to NAs for at least 2 years is associ-
ated with fewer inpatient admissions, lower
hospital LOS, and lower overall health care costs
compared to patients with CHB who were non-
persistent to NAs in the first 2 years of follow-
up. After adjustment for potential confounders,
the results of this study suggest that savings
could be generated for patients with CHB who
remain persistent to their index NA for at least
2 years, particularly for inpatient costs ($7889).
This could also represent a significant clinical
and economic burden for those patients that
require lifelong treatment with the current
standard of care. The reduced inpatient costs
were offset by the higher pharmacy costs among
NA-persistent patients resulting in a net overall
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cost savings of $851 compared to non-persistent
patients. The difference in cumulative overall
total costs in 2 years did not meet statistical
significance most likely because of the small
sample size, particularly in persistent patients
and limited follow-up time.

The unadjusted health care cost among per-
sistent patients during the first 2 years was
lower by $8781 (non-significant) compared to
non-persistent patients. Furthermore, persistent
patients incurred significantly lower inpatient
costs compared to those who were non-persis-
tent. Non-persistent patients captured in this
study incurred nearly double the inpatient costs
of persistent patients. They also had a higher
frequency of malignancies and mental health
disorders (results not shown). The costs of
comorbid conditions among non-persistent
patients with CHB may explain the inpatient
cost differences compared to persistent patients.

It is well documented in the literature that
for many chronic diseases, treatment non-ad-
herence is associated with increased morbidity,
mortality (5.9%), and substantial increased
costs (ranging from $5271 to $52,341) [39, 40].
However, published literature regarding CHB is
systematic reviews; direct comparisons to our
study results are challenging because of differ-
ences in the study populations, study design,
and/or varying definitions of persistence and
adherence [41–43].

NAs have been the mainstay of treatment
among patients with CHB. However, proper
treatment with NAs is long term, and optimal
persistence to treatment may be required to
reach appropriate and desired treatment out-
comes. As previously reported, many patients
with CHB have difficulty with current long-
term treatment persistence. These patients may
benefit by having access to finite novel treat-
ments that have the potential to provide a
functional cure for CHB in a shorter period of
time. Several treatment options are currently in
clinical development with the goal of providing
patients the ability to achieve a functional cure
and sustained off-treatment response [44, 45].
Functional cure may also lead to additional
benefits of further reducing long-term liver
complications as well as reducing the overall
health care utilization and costs associated with

CHB. Consequently, new innovative technolo-
gies, with higher rates of functional cure and
favorable safety and tolerability profiles, are
needed to address the current unmet need
among patients with CHB.

Strengths and Limitations

To the best of our knowledge, this is the first
real-world analysis of US veterans with CHB
that highlights the unmet treatment need using
standard of care and evaluates the impact of
persistence to NAs on economic outcomes. In
addition, the VHA is a closed centralized system
and is the largest health care provider for hep-
atitis care in the USA, providing an opportunity
to examine economic burden among patients
with CHB using a large data set. However, this
study has several limitations. Only 5 years of
VHA data was available for this analysis, which
limits our ability to evaluate long-term out-
comes (such as HBsAg loss and seroconversion,
remission, HCC, liver failure, liver transplanta-
tion, cirrhosis) as well as complete patient his-
tory, date of first diagnosis, duration of CHB
infection, or previous treatment prior to start
date of available data. In addition, critical vari-
ables could increase the economic burden of
CHB including factors associated with the
response to treatment, burden associated with
NA side effects, or CHB disease progression.
These factors could not have been concluded
with certainty as a result of the nature of the
claims databases. Cumulative persistence to
NAs was assessed during a 2-year follow-up
period, which is a short duration for this pur-
pose; therefore, a larger sample size and longer
follow-up duration are necessary to more con-
vincingly assess persistence over time. However,
there is limited evidence of cumulative NA
persistence from 2 years; future research should
validate this data.

Laboratory data was limited which restricted
our ability to assess variables such as disease
severity or treatment response. These variables
may have impacted the decision to continue
treatment and consequently have substantial
impact on the outcomes. Also, lab values were
recorded within 90 days of the index date.
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Therefore, not all patients that were included in
our analysis had a lab value for HBV DNA, ALT
level, HBsAg, or fibrosis level. Medications dis-
pensed over the counter, samples provided by a
physician, and pharmacy claims in the inpa-
tient setting cannot be observed in claims data.
Hence, we could not evaluate the true cost
associated with treating side effects of antiviral
treatment. Moreover, since this analysis was
conducted within the VHA system, which
includes predominantly older white men in the
USA with unique care delivery and reimburse-
ment mechanisms, the findings may not be
generalizable to other patients with CHB
receiving care in different health care delivery
systems, such as commercial managed care
plans, Medicare, or Medicaid plans. In addition,
the study does not reflect the costs for any
health care services that were received outside
of the VHA system and therefore may be
another reason our study is not generalizable to
the overall CHB population.

CONCLUSION

Our study provides a characterization of CHB-
infected patients, burden of illness, health care
utilization, and the relationship between per-
sistence to NAs and related economic outcomes,
which is lacking from studies reported to date.
Furthermore, the findings of this study suggest
that significant short-term cost savings could be
generated for CHB-infected patients when they
remain persistent to their NAs during the first
2 years of follow-up. It is important to under-
stand the relationship between NA persistence
and the economic burden associated with
patients with CHB in order to help decision
makers target the best treatment interventions
as well as to allocate resources to reduce the
burden of illness. The number of patients with
CHB that had an undetectable viral load is rel-
atively low. Thus, there is an unmet medical
need for effective treatments that can help
provide sustained HBsAg loss and, conse-
quently, sustained undetectable viral load. The
complexity of successful long-term treatment
management of CHB underscores the need for
more treatment options with a finite duration

and sustained off-treatment response or func-
tional cure; this will help to better manage CHB
and improve treatment persistence rates,
thereby aiding patients to achieve desired
treatment benefits.
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