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ABSTRACT

Introduction: Continuous treatment with rifaxi-
min 550 mg (hereafter rifaximin) is associated
with lower hospitalization rates in patients with
hepatic encephalopathy (HE); however, access
barriers may exist. This study assessed gaps in
rifaximin access and the impact of treatment gaps,
particularly those resulting from claim rejections,
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on hospitalizations and healthcare costs among
patients with HE in the United States.

Methods: The IQVIA PharMetrics® Plus database
linked with Longitudinal Access and Adjudicated
Data (2015-2022) were used to identify adults with
HE who had > 1 paid rifaximin prescription fill.
Rifaximin treatment gaps were assessed during the
12-month period from the first observed attempt at
receiving rifaximin (index date). Adjusted number
of overt HE (OHE) hospitalizations and healthcare
costs were compared over the 6 months follow-
ing the index date between Cohort 1, who had
no gap due to claim rejection and had < 7 days of
treatment gap due to other reasons, and Cohort 2,
who had > 1 rejection gap or had > 7 days of non-
rejection gap.

Results: During the year following the index
date, 94.7% of the 1711 patients experienced a
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treatment gap, including 34.8% with initiation
gaps from first attempt at receiving rifaximin to
first paid claim (77.7% of initiation gaps due to
rejected claims) and 72.0% with gaps in access
during active treatment (14.8% of active treat-
ment gaps due to rejected claims). Compared with
Cohort 1 (n =432; mean age 56.3 years), Cohort 2
(n = 679; mean age 54.8 years) had 1.55 times the
incidence rate of OHE hospitalizations [adjusted
incidence rate ratio: 1.55 (95% confidence inter-
val: 1.10-2.20)] and incurred US$1579 more in
healthcare-associated costs per-patient-per-month
(all p < 0.05).

Conclusion: Prescription claim rejections fre-
quently led to delays in rifaximin initiation
and gaps in access during active treatment.
Access barriers to rifaximin were associated with
increased hospitalizations and healthcare costs
in patients with HE.

Keywords: Access barriers; Antibiotics; Claims
database; Hepatic encephalopathy; Healthcare
costs; Hospitalization; Liver cirrhosis; Prior
authorization; Rifaximin; Treatment gaps

Key Summary Points

Why carry out this study?

Continuous treatment with rifaximin 550 mg is
crucial for preventing recurrence and hospitali-
zations in patients with hepatic encephalopa-
thy (HE).

The extent of access barriers to rifaximin

for HE and the impact of prescription claim
rejections have not been extensively studied
in the United States.

What was learned from the study?

Rifaximin treatment gaps, including those
resulting from prescription claim rejections,
were common among patients with HE.

Treatment gaps were associated with increased
hospitalizations and healthcare costs.

Addressing payer-based access barriers to
rifaximin for HE may help increase adher-
ence and improve healthcare outcomes.

INTRODUCTION

Hepatic encephalopathy (HE) is a serious neu-
rologic complication of liver cirrhosis charac-
terized by a broad spectrum of neuropsychiat-
ric abnormalities ranging from personality and
behavioral changes, disorientation and confu-
sion, to loss of consciousness [1-3]. Clinically
overt HE (OHE) may present as recurring epi-
sodes that often necessitate hospitalizations [2,
3]. OHE hospital admissions and readmissions
can be costly [4] and impose a considerable bur-
den on patients [5]. Depending on the etiology
of the underlying cirrhosis, lifestyle changes
(e.g., alcohol abstinence in patients with alco-
hol-related cirrhosis) and corrections of precipi-
tating factors are important management strate-
gies that precede specific anti-HE treatment [3,
6].

Rifaximin 550 mg (hereafter rifaximin), a
twice-daily oral antibiotic, is the only medica-
tion approved by the United States (US) Food
and Drug Administration for reducing the risk of
OHE recurrence in adults [7]. Rifaximin has dem-
onstrated efficacy in preventing OHE recurrence
and reducing the risk of OHE hospitalizations in
clinical trials [7, 8]. Real-world studies have also
found that having timely access to rifaximin fol-
lowing an initial OHE hospitalization, as well as
being adherent to treatment, lowers readmission
risk and healthcare costs [4, 9, 10]. Despite these
proven benefits, a US study showed that approxi-
mately 40% of hospitalized patients with a rifaxi-
min prescription for HE did not have the medica-
tion in hand when discharged from the hospital,
because of access barriers such as having a prior
authorization required that was not completed
in time [9]. In addition, relatively low adherence
to rifaximin has been reported in routine clinical
practice despite it being safe and well tolerated
[11-13]; for instance, one US study found that
the proportion of commercially insured patients
with HE who remained adherent [defined as pro-
portion of days covered (PDC) = 80%] at 6 and
12 months after initial rifaximin prescription was
42% and 25%, respectively [11].

Prior systematic reviews have found that utili-
zation management strategies such as formulary
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restrictions, prior authorization requirements, and
cost sharing imposed by payers can be barriers to
treatment access and are associated with increased
time to treatment initiation and lower adherence
across various disease conditions, including car-
diovascular, dermatological, and gastrointestinal
disorders [14-16]. For example, US health plans
may require providers to obtain prior authoriza-
tion for a specific medication by demonstrating
the medical necessity of the patient before the
medication can be covered and dispensed; how-
ever, the process involves additional administra-
tive work and wait time (for approval or denial),
which may lead to delayed access, continuity
gaps, or abandonment [15, 17]. These payer-based
access barriers may partially explain the previously
observed delay in rifaximin access and low adher-
ence among patients with HE. One prior study
showed that adherence to rifaximin was poorer
among patients with HE who had higher out-of-
pocket costs [11]. However, the extent of access
barriers, as well as the impact of payer claim rejec-
tions and delayed approval on healthcare out-
comes, has not been extensively studied in HE.
To address this literature gap, the current study
sought to describe prescription patterns of rifaxi-
min, focusing on gaps in rifaximin access, among
commercially insured patients with HE in the US.
The impact of rifaximin treatment gaps, specifi-
cally for gaps due to prescription claim rejections,
on hospitalizations and healthcare costs was also
assessed.

METHODS

Data Source

Claims data from the IQVIA PharMetrics® Plus
database linked with Longitudinal Access and
Adjudication Data (LAAD) covering the period
of October 2015 (when the new coding struc-
ture using International Classification of Dis-
eases, 10th Revision, Clinical Modification
[ICD-10-CM] was introduced [18]) to March
2022 (the most recent data available at the time
of study onset) were used. The PharMetrics®
Plus database consists of employer- and health
plan-sourced data containing fully adjudicated

medical and pharmacy claims for over 215 mil-
lion unique enrollees and is representative of the
commercially insured US national population
for patients under 65 years of age. The database
includes records of inpatient services, inpatient
admissions, outpatient services, prescription
drugs, and other medical care.

LAAD is a patient-centric dataset that inte-
grates IQVIA's prescription, medical claims, and
remittance data. The database includes patient
longitudinal data, including Formulary Impact
Analyzer (FIA) full lifecycle claims data. The final
status of fully adjudicated claims in the FIA cor-
responds to paid (i.e., prescriptions approved
and paid for by a health plan and picked up by
the patient from the pharmacy), rejected (i.e.,
prescriptions rejected by the health plan), or
reversed (i.e., prescriptions approved by the
health plan but not picked up by the patient
from the pharmacy). Reasons for rejections are
also included.

Data are de-identified and comply with the
patient requirements of the Health Insurance
Portability and Accountability Act (HIPAA);
therefore, no review by an institutional review
board was required per Title 45 of CFR, Part
46.101(b)(4).

Study Obijectives and Designs

A retrospective analysis was conducted among
adult patients with HE receiving rifaximin with
two study objectives: Objective 1 was to assess
patient access to rifaximin and characterize
treatment gaps and reasons for claim rejections;
and Objective 2 was to compare the risk of OHE
hospitalizations and healthcare costs among
patients with gaps in rifaximin access versus
patients without gaps in rifaximin access.

The study designs are presented in Fig. 1. For
both objectives, the index date was defined as
the first observed attempt at receiving rifaximin
for HE, regardless of the final claim status (i.e.,
paid, rejected, or reversed). A 3-month pre-index
washout period was imposed to ensure that
patients were not actively taking rifaximin prior
to the index date, as rifaximin is typically sup-
plied for 30 days. This 3-month period was also
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A. Objective 1 — Assessment of treatment gaps

Index date
First attempt at receiving rifaximin 550 mg for HE,

regardless of claim type (i.e., either paid, reversed, or rejected)

Initiation gap ¥ Active treatment gap ¥ x-:
Complete health plan eligibility period
Il
3-month washout period 12-month study period
B. Objective 2 — Assessment of OHE hospitalizations and healthcare costs X
Censoring

Index date

Observation period was censored at
discontinuation (i.e., last day of supply or last fill
attempt for rifaximin 550 mg that was followed by
30 days without exposure to rifaximin 550 mg)

>30-day gap

—6

Complete health plan eligibility period

3-month washout period 6-month study period

Abbreviations: HE: hepatic encephalopathy; OHE: overt hepatic encephalopathy.

Fig. 1 Study designs

used to assess patient baseline characteristics.
The study period was defined as the 12-month
(Objective 1) and 6-month (Objective 2) period
following the index date.

Sample Selection

The sample selection flowchart is presented in
Fig. 2. Patients were included if they met the fol-
lowing criteria: (1) had > 1 paid claim for rifaxi-
min for HE (twice daily, 30-day supply; based on
national drug codes: 65649-0303-02 and 65649-
303-03) during the complete health plan eligibil-
ity period; (2) had > 2 diagnoses for cirrhosis or
complications of cirrhosis on distinct dates dur-
ing the data span (see Supplementary Table S1
for diagnosis codes); (3) had > 1 diagnosis for HE
(based on the ICD-10-CM General Equivalence
Mapping [GEM; K72.01, K72.11, K72.90, K72.91,
K70.41, and K71.11]) during the data span; and
(4) were aged 18-64 years as of the index date.
For Objective 1, patients were required to have
continuous health plan enrollment during the

3-month washout and the 12-month study peri-
ods. For Objective 2, patients were required to
have continuous health plan enrollment during
the 3-month washout and the 6-month study
periods, while the observation period was cen-
sored at discontinuation, defined as > 30 con-
secutive days without rifaximin access or fill
attempts (Fig. 1).

Measures and Outcomes

Objective 1

Treatment gaps (i.e., periods without rifaximin
access) were assessed during the 12-month
study period and identified based on the ser-
vice dates of adjudicated claims (paid, rejected,
or reversed) and the number of days of sup-
ply of each prescription fill. Adjustments were
made to move forward overlapping days of sup-
ply to the first day that the patient would not
have medications from the previous prescrip-
tion fill, under the assumption that patients
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Patients with >1 paid claim for rifaximin 550 mg (twice daily; >30 days) during the complete health plan eligibility period
N=10,232

Patients with >2 diagnoses for cirrhosis/complications of cirrhosis on distinct dates between October 2015 and March 2022
N=8,214 (80.3%)

Patients with >1 diagnosis for HE between October 2015 and March 2022
N =6,973 (84.9%)

Patients were 18-64 of age as of the first rifaximin 550 mg fill attempt (regardless of the claim type; index date)
N = 6,443 (92.4%)

Patients with >3 months eligibility before the index date
N = 3,927 (60.9%)

Objective 1
Patients with >12 months of complete health plan eligibility after the
index date

N = 1,752 (44.6%)

Patients with >6 months of complete health plan eligibility after the index
date, censored at discontinuation of rifaximin 550 mg for >30 days

Objective 2

N=1L111 (283%)

__

Patients with >1 paid rifaximin 550 mg claim within the 12-month
study period
N=1,711 (97.7%)

No rejection gap” and total non-

Cohort 1 Cohort 2
>1 rejection gap" or total non-
rejection gap days >7 days
N =679 (61.1%)

rejection gap days <7 days
N =432 (38.9%)

Abbreviation: HE: hepatic encephalopathy.

Cohort 2 subgroups

>1 rejection gap, N=354 (52.1%)

total rejection gap >7 days, N=153 (22.5%)
total rejection gap >14 days, N=72 (10.6%)
total rejection gap >21 days, N=29 (4.3%)

Subgroup 1:
Subgroup 2:
Subgroup 3:
Subgroup 4:

@Rejection gaps were defined as treatment gaps that resulted from a prescription claim rejection for rifaximin 550 mg.

Fig.2 Sample selection flowchart

would finish the current prescription fill before
starting the next refill.

Treatment gaps were classified into: (1) ini-
tiation gaps, defined as the period without
rifaximin access that spanned from the date of
the first fill attempt at receiving rifaximin (i.e.,
the index date) until the date of the first paid
claim for rifaximin; (2) active treatment gaps,
defined as the period without rifaximin access
that spanned from the last day of supply until
the date of the next paid claim for rifaximin;
and (3) last gaps or gaps at the end of the study
period, defined as the period without rifaximin
access that spanned from the last day of sup-
ply of the prior period with rifaximin until the
end of the 12-month study period. Definitions
of the types of treatment gaps are visualized in
Fig. 1A. Treatment gaps were further classified
as rejection gaps if they followed a prescrip-
tion claim rejection for rifaximin. The reasons
for prescription claim rejections were reported

and may include drug not on formulary, prior
authorization required (e.g., incomplete sub-
mission, medical necessity not demonstrated),
plan limitations exceeded, product/service not
covered, or refill too soon.

Adherence to rifaximin over the first 6 months
and the first year from the index date was meas-
ured using medication possession ratio (MPR),
defined as the total days of supply of rifaximin
truncated at the end of the period divided by
the number of days during the period (i.e., 180
or 365 days), after adjustment for overlapping
days of supply.

Objective 2

The impact of treatment gaps on the risk and
the number of OHE hospitalizations and total
healthcare costs (i.e., medical and pharmacy
costs) was assessed over the 6-month study
period following the index date, among patients
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with continuous health plan enrollment and
without discontinuation of rifaximin access
or fill attempts (regardless of claim status) duzr-
ing that period. The 6-month study period
was selected to ensure a similar level of disease
severity across the sample under the assump-
tion that patient disease severity is most similar
within this period from the initial attempt at
receiving rifaximin [19]. The number of days of
treatment gap overlapping with lactulose use,
estimated based on the total number of days of
supply of lactulose overlapping with the rifaxi-
min treatment gaps, were also assessed. OHE
hospitalizations were defined as an inpatient
stay with a diagnosis code for HE or ICD-10-CM
code G93.40 (encephalopathy, unspecified),
G93.41 (metabolic encephalopathy), or G93.49
(other encephalopathy). Number of OHE hos-
pitalizations and cost outcomes were reported
per-patient-per-month (PPPM). Cost outcomes
were measured from a payer’s perspective (i.e.,
expenses covered by the insurance plan) and
inflated to 2022 USD based on the data span
using the Consumer Price Index.

Cohorts and Subgroups

For Obijective 2, patients were classified into two
cohorts: Cohort 1 included patients who did not
have a rejection gap and had a total of < 7 days
of non-rejection gaps in the 6-month study
period; and Cohort 2 included patients who
had > 1 rejection gap or had a total of > 7 days of
non-rejection gaps in the same period. Patients
in Cohort 2 were further classified into four non-
mutually exclusive subgroups based on charac-
teristics of rejection gaps: subgroup 1 included
patients with > 1 rejection gap; and subgroups
2, 3, and 4 included patients who had a total
of > 7, > 14, and > 21 days of rejection gaps,
respectively (Fig. 2).

Statistical Analyses

Baseline patient characteristics and treatment
gap characteristics were summarized descrip-
tively using means, standard deviations (SD),
medians, and interquartile ranges (IQR) for con-
tinuous variables, and counts and percentages

for categorical variables. Standardized differ-
ences were calculated to assess the balance of
baseline characteristics between the cohorts; a
value of < 0.1 is considered as negligible imbal-
ance [20].

OHE hospitalization and cost outcomes were
compared between Cohort 1 and Cohort 2 as
well as between Cohort 1 and each of the Cohort
2 subgroups. Generalized linear regression mod-
els (GLM) with binomial distribution and a logit
link function with robust standard errors were
used to estimate odds ratios (OR) of experiencing
an OHE hospitalization. GLM with a negative
binomial distribution and log link function with
robust standard errors was used to estimate inci-
dence rate ratios (IRR) of OHE hospitalizations.
GLM with a gamma distribution and log link
function with robust standard errors was used to
compare total healthcare costs. All models were
adjusted for demographics (i.e., age, sex, region,
and insurance type), baseline cirrhosis-related
procedures (i.e., dialysis, endoscopy/banding,
transjugular intrahepatic portosystemic shunt,
and paracentesis) [10], and baseline HE-related
comorbidities (i.e., portal hypertension, ascites,
spontaneous bacterial peritonitis, varices, hepa-
torenal syndrome, nonalcoholic steatohepatitis).

All analyses were conducted using Statistical
Analysis System (SAS) Enterprise Guide, Version
7.1 (SAS, Cary, NC, USA).

RESULTS

Obijective 1: Treatment Gaps

A total of 1711 eligible patients were included
in the assessment of treatment gaps. During the
first 12 months from initial attempt at receiv-
ing rifaximin for HE, the median (IQR) MPR of
rifaximin was 59.5% (24.9-89.6%), and, during
the first 6 months, it was 71.1% (35.6-95.0%).
Patients attempted to access rifaximin for a
median (IQR) of 8.0 (4.0-13.0) times, of which
6.0 (3.0-10.0) claims were paid, 1.0 (0-2.0)
claims were rejected, and 0 (0-1.0) claim was
reversed. Treatment gaps were observed in
94.7% of patients, with a median (IQR) of 3.0
(1.0-4.0) gaps per patient and a total duration of
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147.0 (38.0-274.0) days, ranging between 1 and
363 days. More specifically, 34.8% of patients
had an initiation gap [median (IQR) duration:
7.0 (2.0-29.0) days], 72.0% had an active treat-
ment gap [median (IQR) duration: 7.0 (2.0-24.0)
days per gap], and 52.5% had a gap at the end of
the study period [median (IQR) duration: 198.0
(59.0-303.0) days].

Of all treatment gaps, 20.4% were due to a
prescription claim rejection (Supplementary
Table S2), which was observed for 77.7% of
initiation gaps [common reasons for rejection
included prior authorization required (61.8%),
drug not on formulary (6.9%), and product/
service not covered (6.3%)]; 14.8% of active
treatment gaps [common reasons for rejection
included plan limitation exceeded (33.7%),
refill too soon (20.3%), and prior authorization
required (13.8%)]; and 6.8% of last gaps [com-
mon reasons for rejection included plan limita-
tions exceeded (31.1%), refill too soon (18.0%),
and prior authorization required (11.5%)].

Objective 2: Impact of Treatment Gaps on
OHE Hospitalizations and Costs

Cohort Characteristics

A total of 1111 eligible patients were included
in the assessment of OHE hospitalization and
cost outcomes. There were 432 patients (38.9%)
in Cohort 1 and 679 patients (61.1%) in Cohort
2. Among Cohort 2, the number of patients
in subgroups 1 to 4 was 354, 153, 72, and 29,
respectively.

Cohort characteristics are presented in
Table 1. On the index date, Cohort 1 had a mean
age of 56.3 years and 38.4% were female; for
Cohort 2, mean age was 54.8 years and 42.4%
were female. In both cohorts, patients’ insurance
types included preferred provider organization
(Cohort 1: 82.2%, Cohort 2: 74.2%), health
maintenance organization (Cohort 1: 12.5%,
Cohort 2: 18.7%), and point of service (Cohort
1: 3.5%, Cohort 2: 5.2%).

During the 3 months pre-index, clinical
characteristics were similar between the two
cohorts (Table 1). Most patients were seen by

gastroenterologists (Cohort 1: 72.2%, Cohort
2: 71.4%); common HE-related comorbidities
included portal hypertension (Cohort 1: 79.6%,
Cohort 2: 78.9%) and ascites (Cohort 1: 60.0%,
Cohort 2: 59.8%); and mean Charlson comor-
bidity index score was similar between the two
cohorts (Cohort 1: 4.4, Cohort 2: 4.5).

During the 6-month study period, the median
(IQR) duration of rifaximin treatment gaps in
Cohort 1 was 0.0 (0.0-2.0) days, of which 0.0
(0.0-0.0) days overlapped with lactulose use, and
the median (IQR) duration of rifaximin treat-
ment gaps in Cohort 2 was 19.0 (10.0-29.0)
days, of which 6.0 (0.0-19.0) days overlapped
with lactulose use.

OHE Hospitalizations

Overall, 12.3% of patients in Cohort 1 and
17.1% of patients in Cohort 2 had an OHE hos-
pitalization during the 6-month study period.
After adjustment, compared with Cohort 1,
Cohort 2 was 55% more likely to have an OHE
hospitalization during this period (adjusted OR
1.55; p < 0.05). Relative to Cohort 1, adjusted
OR for an OHE hospitalization in subgroup 1
was 1.57 (p < 0.05) and in subgroups 2 to 4 who
had increasing number of days of rejection gaps
was 1.94 (1.12-3.35; p < 0.05), 2.50 (1.21-5.17;
p<0.05), and 2.47 (0.77-7.94; p = 0.13), respec-
tively (Fig. 3).

The incidence rate of OHE hospitalizations
PPPM was 0.18 for Cohort 1 and 0.26 for Cohort
2. After adjustment, compared with Cohort 1,
Cohort 2 had 1.55 times the rate of OHE hospi-
talizations PPPM (adjusted IRR 1.55; p < 0.05).
Relative to Cohort 1, adjusted IRR of OHE hos-
pitalizations for subgroups 1-4 was 1.53, 2.07,
2.33, and 3.19, respectively (all p < 0.05; Fig. 4).

Total Healthcare Costs

The total healthcare costs PPPM were $9864
in Cohort 1 and $11,361 in Cohort 2. After
adjustment, compared with Cohort 1, Cohort
2 incurred $1579 higher total healthcare costs
PPPM (adjusted cost difference: $1579 for total
costs; $2556 for medical costs; — $565 for phar-
macy costs; all p < 0.05). In the subgroups,
adjusted cost difference PPPM relative to Cohort
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Table 1 Cohort characteristics

Characteristics® Cohort 1 (no rejection gap,  Cohort 2 (> 1 rejection gap Stand-
total non-rejection gap or total non-rejection gap ardized
days < 7 days)® n = 432 days > 7 days)® 2 = 679 difference®

Demographics

Age (years), mean + SD [median] 56.3 + 6.8 [58.0] 54.8 +7.3 [56.0] 0.22
Sex, 7 (%)
Male 266 (61.6) 391 (57.6) 0.08
Female 166 (38.4) 288 (42.4) 0.08
Region, 7 (%)
South 231(53.5) 391 (57.6) 0.08
Midwest 96 (22.2) 137 (20.2) 0.05
Northeast 73 (16.9) 91 (13.4) 0.10
West 32 (7.4) 60 (8.8) 0.05
Type of insurance, 7 (%)
Preferred provider organization 355 (82.2) 504 (74.2) 0.19
Health maintenance organization 54 (12.5) 127 (18.7) 0.17
Point of service 15 (3.5) 35(5.2) 0.08
Consumer directed health care <11(< 11/432) <11(< 11/679) -
Indemnity/traditional <11 (< 11/432) <11 (< 11/679) -
Health savings account <11 (< 11/432) <11 (< 11/679) -
Clinical characteristics
Baseline gastroenterology consult?, z (%) 312 (72.2) 485 (71.4) 0.02
Baseline cirrhosis-related procedures®t
Paracentesis 127 (29.4) 182 (26.8) 0.06
Endoscopy/banding 50 (11.6) 78 (11.5) 0.00
TIPS <11 (< 11/432) 20(2.9) -
Dialysis <11 (< 11/432) <11 (< 11/679) -
Baseline HE-related comorbidities, 7 (%)
Portal hypertension (includes varices, 344 (79.6) 536 (78.9) 0.02
ascites, and TIPS)
Ascites 259 (60.0) 406 (59.8) 0.00
Varices 196 (45.4) 302 (44.5) 0.02
Without bleeding 146 (33.8) 213 (31.4) 0.05
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Table 1 continued
Characteristics® Cohort 1 (no rejection gap,  Cohort 2 (= 1 rejection gap Stand-
total non-rejection gap or total non-rejection gap ardized
days < 7 days)® n = 432 days > 7 days)® 7 = 679 difference®
With bleeding 50 (11.6) 89 (13.1) 0.05
Nonalcoholic steatohepatitis 87 (20.1) 122 (18.0) 0.06
Spontaneous bacterial peritonitis 24 (5.6) 34 (5.0) 0.02
Hepatorenal syndrome 21 (4.9) 31 (4.6) 0.01
Potential factors associated with HE
CirCom score 0.9 + 1.7 [0.0] 0.9 + 1.7 [0.0] 0.02
1-2, 7 (%) 20 (4.6) 36(5.3) 0.03
3-4, 7 (%) 64 (14.8) 101 (14.9) 0.00
56,7 (%) <11 (< 11/432) <11 (< 11/679) -
CCI8, mean + SD [median] 4.4 +2.0 [4.0] 4.5 £2.0 [4.0] 0.03
0-2, 7 (%) 67 (15.5) 109 (16.1) 0.01
34,7 (%) 208 (48.1) 302 (44.5) 0.07
>5,7 (%) 157 (36.3) 268 (39.5) 0.06
Frailty index", mean + SD [median] 17.3 £ 6[16.3] 17.3 £5.5[16.5] 0.00
< 10%, 7 (%) 21 (4.9) 32 (47) 0.01
11%-30%, 7 (%) 397 (91.9) 630 (92.8) 0.03
31%-50%, 7 (%) 14 (3.2) 17 (2.5) 0.04
> 51%, 7 (%) <11(< 11/432) <11 (< 11/679) -
Selected comorbidities®, 7 (%)
Unspecified liver cirrhosis 342 (79.2) 519 (76.4) 0.07
Alcohol use 219 (50.7) 376 (55.4) 0.09
Alcoholic cirrhosis 209 (48.4) 347 (51.1) 0.05
Dehydration/electrolyte imbalance 180 (41.7) 309 (45.5) 0.08
Thrombocytopenia 167 (38.7) 271 (39.9) 0.03

CCI Charlson comorbidity index, CirCom Cirrhosis Comorbidity index, CPT Current Procedural Terminology, DRG diag-
nosis-related group, HE hepatic encephalopathy, ICD-10-PCS International Classification of Diseases, 10th Revision, Proce-

dure Coding System, SD standard deviation, TIPS transjugular intrahepatic portosystemic shunt

*Demographics were reported at index date. Clinical characteristics were assessed for the 3-month bascline periods. Cell sizes

of fewer than 11 patients are as presented as < 11, with the corresponding percentage as < 11/total sample size %, per vendor

requirement

PRejection gaps were defined as treatment gaps that resulted from a prescription claim rejection for rifaximin 550 mg
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Table 1 continued

¢ Standardized difference < 0.1 is considered as negligible imbalance

dGastroenterology consult was identified using procedure group (143: gastroenterology services [non-surgical]) and provider

type (275: gastroenterology)

¢Categories are not mutually exclusive

fldentified based on procedure and diagnosis codes—paracentesis: CPT 49082, 49083; endoscopy/banding: CPT 43244;
TPS: ICD-10-PCS 06183]4, 06184J4, 06183]Y, and DRG 405, 406, 407; dialysis: CPT 90935-90999

8Source: [23]
hSource: [24]
Source: [25]

24%
22%
20%
18%
16%
14%

12.3%

12%

10%

22.2%

Adjusted OR (95% CI)®

20.7% Reference group: Cohort 1

1.55 (1.08-2.22)*

Subgroup 1 1.57 (1.02_2.41)*

1.94 (1.12-3.35)*

Subgroup 2

Subgroup 3 2.50 (1.21-5.17)*

\\\ EZrEzT

Subgroup 4

Proportion of patients with an OHE hospitalization (%)

Cohort 1

Subgroup 1 Subgroup 2
N=432 V

N=354 N=153

Subgroup 3 Subgroup 4

N=72 N=29

Abbreviations: CI: confidence interval; HE: hepatic encephalopathy; OHE: overt hepatic encephalopathy; OR: odds ratio.

*Indicates significant at the 5% level; gradient fill indicates non-significance.

2Cohort 1 included patients who did not have any rejection gap and had total <7 days of non-rejection gap in the first 6-month study period. Cohort 2 included patients who had >1
rejection gap or had total >7 days of non-rejection gap in the same period. Patients in Cohort 2 were further classified into four non-mutually exclusive subgroups based on characteristics
of rejection gaps: subgroup 1 included patients with >1 rejection gap; and subgroups 2, 3, and 4 included patients who had total rejection gap of >7, >14, and >21 days, respectively.

bAdjusted for d

ics, baseline cirrhosis-related p

and baseline HE-related comorbidities.

Fig. 3 Impact of treatment gaps on risk of OHE hospitalizations®

1 was $1994 (p < 0.05) for subgroup 1; $2146
(p = 0.08) for subgroup 2; $3395 (p = 0.05) for
subgroup 3; and $3413 (p = 0.19) for subgroup 4
(Fig. 5; Supplementary Table S3).

DISCUSSION

In this retrospective analysis among patients
with HE receiving rifaximin, nearly 95% of
patients were observed to experience treatment
gaps within 12 months of their initial attempt
at receiving rifaximin, leading to delays in rifax-
imin initiation for approximately one-third of
the patients (34.8%) and gaps in exposure

during active treatment for nearly three-quarters
(72.0%). Over half (52.5%) of patients were no
longer on rifaximin at the end of the 12-month
study period. Consequently, adherence to rifaxi-
min was relatively low, which is aligned with the
observations in several prior real-world studies
[11-13]. Prescription claim rejections were found
to be responsible for one in five observed treat-
ment gaps, suggesting that payer-based access
barriers to rifaximin exist and are common. Fur-
thermore, treatment gaps were associated with
poorer OHE hospitalization and cost outcomes.
Within the first 6 months from initial attempt at
receiving rifaximin, patients with > 1 rejection
gap or with a total of > 7 days of non-rejection
gaps were 55% more likely to experience an OHE
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A
< 0.40 b,
E Adjusted IRR (95% CI)® :
§ Reference group: Cohort 1 E
Z 0.35 :
5 1.55 (1.10-2.20)* i
g i
8 0.30 Subgroup 1 1.53 (1.04-2.26)* ;
2 E
‘§ Subgroup 2 2.07 (1.29-3.32)* :
S 025 ;
g SmibgronD 8 2.33 (1.34-4.04) '
& 1
jant '
O 0.20 Subgroup 4 3.19 (1.29-7.88)* !
3 /
e o e BRI 4
<

= 0.15

Cohort 1 Cohort 2 Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4

N=432 N=679 N=354 N=153 N=72 N=29

Abbreviations: CI: confidence interval; HE: hepatic encephalopathy; IRR: incidence rate ratio; OHE: overt hepatic encephalopathy.

*Indicates significant at the 5% level.

aCohort 1 included patients who did not have any rejection gap and had total <7 days of non-rejection gap in the first 6-month study period. Cohort 2 included patients who had >1
rejection gap or had total >7 days of non-rejection gap in the same period. Patients in Cohort 2 were further classified into four no ly exclusi bgroups based on cl

of rejection gaps: subgroup 1 included patients with >1 rejection gap; and subgroups 2, 3, and 4 included patients who had total rejection gap of >7, >14, and >21 days, respectively.
bAdjusted for demographics, baseline cirrhosis-related procedures, and baseline HE-related comorbidities.

istic:

Fig. 4 Impact of treatment gaps on rate of OHE hospitalizations®

2022 o 2 Vs ., Subgroup 1 vs __ __ Subgroup 2 vs ___ __ Subgroup 3 vs _ Subgroup 4 vs
USD $ Cohort 1 Cohort 1 Cohort 1 Cohort 1 Cohort 1
$6,141%* $6,127
6,000

$4,320* \
4,000 Sa.170° $3,395 $3413 %

$2,556*
$1,004% $2,146
2,000 $1,579* N

-$565* -$624* . . .

i %*
$991 -81,140% -$1,184*

.

-2,000

Total
Total
Total
Total
Total

Medical

Medical
Medical
Medical

Pharmacy

Medical
Pharmacy
Pharmacy
Pharmacy

Abbreviations: HE: hepatic encephalopathy; OHE: overt hepatic encephalopathy; USD: United States Dollars.

*Indicates significant at the 5% level; gradient fill indicates non-significance.

aCohort 1 included patients who did not have any rejection gap and had total <7 days of non-rejection gap in the first 6-month study period. Cohort 2 included patients who had >1 rejection gap or
had total >7 days of non-rejection gap in the same period. Patients in Cohort 2 were further classified into four no itually exclusi bgroups based on ct istics of rejection gaps:
subgroup 1 included patients with >1 rejection gap; and subgroups 2, 3, and 4 included patients who had total rejection gap of >7, >14, and >21 days, respectively.

bCost differences per-patient-per-month were estimated using Cohort 1 as the reference group and adjusted for d hics, baseline cirrhosis-related procedures, and baseline HE-related

comorbidities.
Fig.5 Impact of treatment gaps on total healthcare costs™®
hospitalization and incurred $1579 higher total low adherence on the clinical and cost burden
healthcare costs PPPM compared with those in HE.
with no rejection gap and a total of < 7 days Consistent with prior research among com-
of non-rejection gaps. These findings provide mercially insured patients with HE [4, 10], our
insights into the impact of treatment gaps and findings demonstrate that increased frequency
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and duration of rifaximin treatment gaps,
indicative of lower overall adherence, are asso-
ciated with elevated risk of hospitalizations and
increased healthcare expenditures. For instance,
a retrospective cohort study found that non-
adherent patients (defined as PDC < 80%) had
significantly higher risk of hospitalizations and
longer length of stay and incurred $2340-$2891
(2019 USD) higher total healthcare costs per
month than adherent patients [10]. It is notable
that in the current study, much shorter treat-
ment gaps were considered and found to nega-
tively impact patient outcomes. For example, a
PDC of < 80% over 6 months would translate to
a total treatment gap of at least 36 days, while
in the current study, any total gap longer than
7 days was considered. Another retrospective
cohort study found that relative to patients with
HE who received rifaximin with no gap follow-
ing discharge, those who had a gap in receiv-
ing rifaximin of less than 30 days following
the discharge had 31% increased risk of 30-day
rehospitalization and 61% higher annual rate
of hospitalization [4]. Analyses of subgroups by
total gap duration in the current study showed
that the hospitalization and cost burden trended
proportionally higher with longer total duration
of rejection gaps, suggesting that payer rejec-
tions could be directly attributable to poorer
patient outcomes in HE. Together with results
from the literature, the current findings suggest
that ensuring prompt access to rifaximin and
maintenance of an adherent treatment regimen
by mitigating payer-based access barriers may
reduce the risk of hospitalizations and health-
care costs in HE.

Understanding of reasons underlying treat-
ment gaps may help identify modifiable factors
to improve overall adherence to rifaximin. Using
the LAAD database that contains lifecycle data of
prescription claims, the current study was able
to characterize treatment gaps and distinguish
those that were consequences of prescription
claim rejections by payers. Overall, prescription
claim rejections accounted for 77.7% of initia-
tion gaps, 14.8% of active treatment gaps, and
6.8% of last gaps experienced by patients. Fur-
ther investigations into the reasons of rejected
claims revealed that prior authorization require-
ments and plan limitations were common

reasons for rejection-related treatment gaps.
Aligning with the current observations, payer-
based access barriers arising from utilization
management strategies have been recognized to
result in treatment delays and lower adherence
[14-16, 21]. Among patients with HE receiv-
ing rifaximin, enrollment in high-deductible
health plans and high out-of-pocket costs have
also been shown to be associated with decreased
adherence [11], suggesting that payer-related
factors could have hindered patients with HE
from receiving continuous treatment. Other
clinical factors may also contribute to explain
some of the observed treatment gaps, specifically
for the last gaps, including the receipt of liver
transplant and the potential for recompensation
in some patients, such as those with decompen-
sated alcohol-related cirrhosis following persis-
tent alcohol abstinence [22].

Low adherence resulting from payer-based
access barriers has been shown in the literature
to negatively affect clinical and economic out-
comes in many other therapeutic areas, such as
diabetes, cardiovascular diseases, and psychiatric
disorders [14]. While future studies investigat-
ing effects of utilization management strategies
on health outcomes in HE are warranted, find-
ings in the current study suggest that improving
patient access to rifaximin by addressing payer-
based access barriers associated with treatment
gaps may have the potential to reduce the over-
all burden of HE.

Findings from this study should be considered
with limitations. This study focused on commer-
cially insured patients, and hence the results
may not be generalizable to patients with HE in
the US who had other types of health insurance.
In-hospital administered medications were not
visible within the claims database; therefore, any
rifaximin that could have been received during a
hospitalization was not considered. In addition,
this study focused on on-label use of rifaximin
for HE of 550 mg, and rifaximin at other doses
(i.e., 200 mg) was not assessed. In the same vein,
information on out-of-pocket purchases of HE
medications (including rifaximin) was only
partially available in claims data and was not
assessed, which may have led to an underesti-
mation of rifaximin usage. In addition, claims-
based studies are subject to billing inaccuracies
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and omissions in coded diagnosis, procedures,
and pharmacy claims, as well as limited avail-
ability of clinical information (e.g., reasons for
treatment gaps). Finally, owing to the retrospec-
tive nature of the analyses, causal relationships
could not be drawn.

CONCLUSIONS

Commercially insured patients with HE often
experience access barriers to rifaximin result-
ing from prescription claim rejections, which
frequently lead to delays in rifaximin initia-
tion and gaps in access during active treatment.
These treatment gaps were associated with
increased OHE hospitalizations and healthcare
costs. Reducing payer-based barriers to treat-
ment access may help improve patient outcomes
and mitigate the economic burden of HE.
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