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ABSTRACT

BACKGROUND: Hepatic encephalopathy (HE) is a complication of cirrhosis 
of the liver causing neuropsychiatric abnormalities. Clinical manifestations 
of overt HE result in increased health care resource utilization and effects 
on patient quality of life. While lactulose has historically been the mainstay 
of treatment for acute HE and maintenance of remission, there is an unmet 
need for additional therapeutic options with a favorable adverse event 
profile. Compared with lactulose alone, rifaximin has demonstrated proven 
efficacy in complete reversal of HE and reduction in the incidence of HE 
recurrence, mortality, and hospitalizations. Evidence suggests the benefit 
of long-term prophylactic therapy with rifaximin; however, there is a need 
to assess the economic impact of rifaximin treatment in patients with HE. 

OBJECTIVE: To assess the incremental cost-effectiveness of rifaximin ± 
lactulose versus lactulose monotherapy in patients with overt HE. 

METHODS: A Markov model was developed in Excel with 4 health states 
(remission, overt HE, liver transplantation, and death) to predict costs and 
outcomes of patients with HE after initiation of maintenance therapy with 
rifaximin ± lactulose to avoid recurrent HE episodes. Cost-effectiveness of 
rifaximin was evaluated through estimation of incremental cost per quality-
adjusted life-year (QALY) or life-year (LY) gained. Analyses were conducted 
over a lifetime horizon. One-way deterministic and probabilistic sensitivity 
analyses were conducted to assess uncertainty in results. 

RESULTS: The rifaximin ± lactulose regimen provided added health benefits 
despite an additional cost versus lactulose monotherapy. Model results 
showed an incremental benefit of $29,161 per QALY gained and $27,762 
per LY gained with rifaximin ± lactulose versus lactulose monotherapy. 
Probabilistic sensitivity analyses demonstrated that the rifaximin ± 
lactulose regimen was cost-effective ~99% of the time at a threshold of 
$50,000 per QALY/LY gained, which falls within the commonly accepted 
threshold for incremental cost-effectiveness.

CONCLUSIONS: The clinical benefit of rifaximin, combined with an accept-
able economic profile, demonstrates the advantages of rifaximin mainte-
nance therapy as an important option to consider for patients at risk of 
recurrent HE.
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RESEARCH

Hepatic encephalopathy (HE) is a complication of cirrho-
sis of the liver causing neuropsychiatric abnormalities.1 
Approximately 30%-45% of patients with cirrhosis and 

10%-50% of patients who require transjugular intrahepatic 
portosystemic shunt (TIPS) insertion for complications of liver 
disease experience episodes of overt HE.2-4 The establishment 
of a TIPS bypasses ammonia and other neurotoxins directly 
into systemic circulation, increasing the incidence of HE, 
which often occurs soon after (i.e., within 3 months) TIPS 
insertion; over time, there is cerebral adaptation to gut-derived 
neurotoxins. A major risk factor for post-TIPS development of 
HE is a previous history of HE.5 Clinical manifestations of overt 
HE include generalized psychomotor dysfunction with altera-
tions in consciousness.6 Episodes of overt HE may result in 
increased health care resource utilization and can affect quality 
of life of both patients and families.7,8

After an initial episode of overt HE, secondary prophylaxis 
is recommended to decrease the risk of recurrence, which is 
considered preventable with proper prophylaxis.9-12 Lactulose 
has historically been used as first-line therapy for acute HE 
and for maintenance of remission.6,13,14 Use of lactulose as a 
maintenance medication may be limited because of a lack of 
randomized, placebo-controlled trials to determine efficacy.14,15 

• Hepatic encephalopathy (HE) is a complication of significant liver 
disease that causes neuropsychiatric abnormalities and results in 
increased health care resource utilization.

• Lactulose has historically been the first-line treatment for acute 
episodes of HE and maintenance of remission but is limited by 
inadequate efficacy and safety.

• Rifaximin + lactulose combination therapy has demonstrated 
greater benefit in reducing HE recurrence and length of hospital 
stay compared with lactulose alone.

What is already known about this subject

• This research addresses limitations from a previous economic 
analysis of rifaximin for the treatment of patients with HE.

• The current analysis demonstrates that the clinical benefits of a 
rifaximin-based regimen may be obtained at reasonable cost to 
U.S. payers relative to lactulose monotherapy.

What this study adds
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of AEs and hospitalizations were similar in a 24-month open-
label follow-up study.19 

Additional research indicates that rifaximin may be ben-
eficial in reducing incidence of HE recurrence,20-24 mortal-
ity,20,21,23,24 and rate of hospitalizations by up to 58%,21,22 which 
may translate to a decrease in the health care cost burden 
attributed to HE.

This study aimed to assess the incremental cost-effective-
ness of rifaximin ± lactulose versus lactulose monotherapy in 
patients with overt HE. For this purpose, a cost-effectiveness 
model of patients who were in remission from recurrent HE 
was developed.

■■ Methods
Using Microsoft Excel, a cost-effectiveness model was cre-
ated to predict costs and outcomes of patients with HE after 

In addition, lactulose is associated with unpleasant or sweet 
taste, dehydration, and gastrointestinal adverse events (AEs), 
such as diarrhea, nausea, bloating, and gas,6,14 which may lead 
to medication nonadherence.16 Given these concerns, addi-
tional HE therapies with a more favorable AE profile have been 
investigated in the treatment of overt HE.

Rifaximin (Xifaxan 550 mg tablets) is a minimally absorbed, 
oral antimicrobial agent that was approved for reduction in the 
risk of overt HE recurrence in adults by the U.S. Food and Drug 
Administration in 2010.17 This therapy is often used concomi-
tantly with lactulose.15 In a randomized controlled trial over a 
6-month period, rifaximin maintained remission from HE and 
reduced the risk of HE-related hospitalizations more effectively 
than placebo in a cohort of patient with decompensated cir-
rhosis and previous episodes of overt HE, with approximately 
90% in both arms receiving concomitant lactulose.18 The rates 

FIGURE 1 Model Structure

2-week mortality19

• Rifaximin = 0.6%
• Control = 0.9%

2-week remission rates26

• Lactulose = 44%
• Rifaximin + lactulose = 76%

2-week mortality: hospitalized26

• Lactulose = 49.1%
• Rifaximin + lactulose = 23.8%

2-week mortality: not hospitalized19

• Rifaximin = 0.6%
• Control = 0.9%

Rate of liver transplantation19

• 0.061 per patient per year

Hospitalized18

• Rifaximin = 61.5%
• Placebo = 49.2%

Not hospitalized18

• Rifaximin = 38.5%
• Placebo = 50.8%

Readmissiona

Death

Overt HEb

Liver
transplantation

Overt HE episodes (6 months)18

• Rifaximin = 22.1%
• Placebo = 45.9%
• RRR = 58%

aAt risk of hospitalizations that were not HE-related.
bAt risk of HE-related hospitalizations.
HE = hepatic encephalopathy; RRR = relative risk reduction.
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initiation of maintenance therapy with rifaximin ± lactulose 
to avoid recurrent HE episodes. Rifaximin ± lactulose refers to 
the use of rifaximin 550 mg twice daily ± lactulose, reflecting a 
population consistent with the rifaximin phase 3 maintenance 
of remission trial in which 91.4% of patients received both 
medications.18 

Poor compliance and adherence to HE therapy contributes 
to increased disease burden.25 Because of a lack of available 
data to explicitly model these factors, the potential effect of 
poor compliance with, or adherence to, therapy was captured 
indirectly via observed risks of overt HE. Quality-adjusted 
life-years (QALYs) and life-years (LY) were evaluated for both 
cohorts in the context of the direct costs associated with each 
treatment regimen. The analysis was conducted from a third-
party U.S. payer perspective.

Model Structure
A Markov model was used to predict the course of HE follow-
ing initiation of maintenance therapy to avoid recurrent HE 

episodes. Patients are assumed to begin in the remission state, 
where they are at risk for an overt HE episode with or without 
hospitalization, death, or liver transplant in each 2-week cycle 
over a lifetime horizon (Figure 1). Patients in the overt HE 
state (with or without a hospitalization) can transition back to 
the remission state, die, or receive a liver transplant. Patients 
transitioning to the death state exit the model after accruing 
appropriate costs and outcomes. The liver transplantation state 
is also an absorbing or exit state. Patients accrue the cost of 
transplantation, the average life expectancy after transplanta-
tion is applied, and QALYs/LYs are accrued.

Clinical Inputs
Clinical inputs and data sources for the model are provided in 
Table 1. The risk of an initial HE episode was based on clinical 
trial data.18 The risk of a subsequent episode of overt HE was 
based on the initial 2-week hazard function estimate and was 
assumed to be invariable over time. The effect of varying risk 
(excess risk with each additional episode) was tested in the 

Input Rifaximin ± Lactulose Placebo ± Lactulose Source

Population inputs
On concomitant lactulose, % 91.4 91.2 Bass 201018

Remission state inputs
With overt episodes by 6 months, %a 22.1 45.9 Bass 201018

Hospitalizations per person-years of exposure 0.24b 0.58c Mullen 201419

Mortality at year 5, %d 52.8 69.9 Mullen 201419

Health utility 0.937e Guest 201428

Overt state inputs
Hospitalized among those with an overt episode, % 61.5 49.2 Bass 201018

Reversed after 2 weeks among hospitalized patients, % 76.0 44.0 Sharma 201326

In-hospital 2-week mortality, % 23.8 49.1 Sharma 201326

Two-week mortality after hospitalization, %d 0.6 0.9 Mullen 201419

Nonhospitalized 2-week mortality, %d 0.6 0.9 Mullen 201419

Health utility for HE 0.783f Bass 201018; Guest 201428

Liver transplantation inputs
Number of liver transplantations per patient per year 0.061 0.061 Mullen 201419

Life expectancy after liver transplantationg 29.3 years OPTN and SRTR 2016 
Annual Data Report  

(Kim 201827)
Health utility after liver transplantation 0.962h Guest 201428

aTime to first breakthrough HE episode Kaplan-Meier curves from Bass 201018 were fit to follow Weibull distributions with γ and λ parameters. The γ parameter is fixed 
in the analysis, and percentage at 6 months from Bass 201018 is used to calibrate the λ parameter (rifaximin group γ = 0.6376, λ = 0.2466; lactulose group γ = 0.7716, 
λ = 1.1555).
bBased on all-rifaximin group. 
cBased on historical placebo group.
dConstant hazard assumed based on events per person-years of exposure.
eAverage of reported health utilities for Conn grades 0 and 1. 
fWeighted average of health utilities reported for Conn grades 2, 3, and 428 was taken based on distribution of Conn scores during most recent HE episode before the  
rifaximin study.18 

gFive-year survival curve extrapolated to estimate median life expectancy.18

hHealth utility reported for Conn grade 0 assumed to reflect posttransplant health utility. 
HE = hepatic encephalopathy; OPTN = Organ Procurement and Transplantation Network; SRTR = Scientific Registry of Transplant Recipients.

TABLE 1 Cost-Effectiveness Model Clinical Inputs
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sensitivity analysis, since this excess risk is not reported in the 
literature. 

Upon transition to an overt HE episode, the proportion of 
patients requiring an HE-related hospitalization was applied 
to the rifaximin + lactulose alone patients separately using 
estimates from the literature.18 Patients with an overt episode 
requiring hospitalization remained in the overt state until 
remission, death, or liver transplantation. Rates of reversal for 
patients hospitalized with overt HE and initial 2-week inpa-
tient mortality were obtained from a randomized controlled 
trial comparing treatment with a rifaximin regimen with 
lactulose alone.26 Mortality after discharge was estimated from 
a 24-month open-label study of rifaximin from which biweekly 
rates were calculated and applied.19 For these patients, the aver-
age cost of a hospitalization was applied once during the cycle 
corresponding to the time an overt episode occurred. 

The remaining proportion of patients transitioning to overt 
HE was assumed not to be hospitalized. Mortality during this 
period was assumed to be the same as the postdischarge mor-
tality for hospitalized patients.19 All nonhospitalized patients 
were assumed to recover within 2 weeks and revert completely 
to the remission state. 

Rates of liver transplantation were assumed to be equal 
for patients receiving rifaximin ± lactulose, regardless of HE 
status. Probability of transplantation was obtained from the 
open-label rifaximin study,19 and survival among transplant 
recipients was adjusted according to published life expectancy 
estimates.27

Health Utility Inputs
All health utility values for patients with overt HE (0.783), 
patients with decompensated cirrhosis in remission/no overt 
HE (0.937), and patients receiving liver transplant (0.962) were 
obtained from published literature.18,28

Costs
Wholesale drug acquisition costs, hospitalization costs, and 
costs related to liver transplant were included in the model 
(Table 2).29-32 The full cost of therapy was included in the model, 
since there were insufficient data to adjust for compliance and 
adherence in the base analysis. Indirect costs were not included 
because the analysis was from the U.S. payer perspective. Costs 
were estimated and reported in 2018 U.S. dollars. If charges 
from previous years were used, they were inflated to current 
values using the medical care component of the Consumer Price 
Index and adjusted to private payer payments.33-35 

Analysis
Total costs associated with each treatment were reported in 
aggregate and by component (drug, other direct, hospitaliza-
tion, and liver transplantation costs). LYs, QALYs, and costs 
were discounted at an annual rate of 3.0%. Cost-effectiveness 
of rifaximin was assessed through estimation of the incremen-
tal cost per QALY gained and the cost per LY gained. Analyses 
were conducted over a lifetime horizon. Threshold analyses 
were conducted to estimate the wholesale acquisition cost 
(WAC) at which rifaximin would need to be set to achieve a 
cost per QALY of $50,000, $100,000, and $150,000. 

One-way deterministic sensitivity analyses were conducted 
on individual parameters to estimate the potential impact of 
variability in these estimates defined by the boundaries of the 
standard error for each input (Table 3). Probabilistic sensitivity 
analyses, where all parameters are varied simultaneously in a 
simulation by randomly sampling values based on predefined 
distributions (Table 3),36 were also conducted to estimate the 
robustness of the results over the range of potential input val-
ues defined by the standard error and shape of the distribution. 

Costsa ($) Rifaximin ± Lactulose Placebo ± Lactulose Source

Cost of HE-related hospitalizationb 19,710 24,527 Leevy 200730; BLS 201833; CMS FY 201835; AHA 201634

Cost of non-HE-related hospitalizationc 15,892 AHRQ HCUP 201831; AHA 201634; BLS 201833

Cost of liver transplantationd,21,23,25 183,132 Wai 201432; BLS 201833; AHA 201634

aDrug costs per day for rifaximin and lactulose were $73.17 and $1.30, respectively.29

bPer-hospitalization charge from Leevy 200730 converted to 2014 private payer payment using the medical care component of Consumer Price Index 2018,33 cost-to-charge 
ratios from the CMS,35 and the 2016 payment-to-cost ratio from the AHA report.34

cHCUP 2014 cost31 (ICD-9-CM diagnosis codes 571.2, 571.3, 571.5, 571.6, 571.8, 571.9, 572.4, 584.9, 567.23, 456.0) inflated to 2018 cost and converted to private 
payer cost using 2016 payment-to-cost ratio from the AHA report.34

dOne-time liver transplant cost from Wai 201432 converted to 2018 private payer payment using medical care component of Consumer Price Index33 and 2016 payment-
to-cost ratio from the AHA report.34

AHA = American Hospital Association; AHRQ = Agency for Healthcare Research and Quality; BLS = Bureau of Labor Statistics; CMS = Centers for Medicare & Medicaid 
Services; FY = fiscal year; HCUP = Healthcare Cost and Utilization Project; HE = hepatic encephalopathy; ICD-9-CM = International Classification of Diseases, Ninth 
Revision, Clinical Modification.

TABLE 2 Cost-Effectiveness Model Cost Inputs
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■■ Results
Predicted QALYs and LYs associated with rifaximin ± lactulose 
were twice as high compared with lactulose alone (Table 4).  
Because of this extended life expectancy, the number of 
patients receiving liver transplantation doubled with rifaximin 
± lactulose, with an estimated 20 patients predicted to reach 
transplantation compared to 9 with lactulose alone (Table 4).  
The added health benefits with rifaximin ± lactulose were 
achieved at an additional cost of $96,375 over lactulose alone 
(Table 4), with an incremental cost per QALY gained of $29,161 
and the incremental cost per LY gained of $27,762.

The cost-effectiveness of a rifaximin ± lactulose regimen 
remained between ~$20,000 per QALY and ~$40,000 per 
QALY across univariate sensitivity analyses, irrespective of the 
parameter considered. At the time the model was developed, 
the WAC for rifaximin was 42% below the cost to exceed the 

$50,000 per QALY threshold and 71% and 81% below the cost 

to exceed the $100,000 per QALY and $150,000 per QALY 

thresholds, respectively. Outcomes were most sensitive to 

variation in the relative risk of subsequent overt HE episodes 

with lactulose monotherapy. Outcomes were most sensitive to 

variation in the relative risk of subsequent overt HE episodes 

with lactulose monotherapy.

In probabilistic sensitivity analyses, when multiple param-

eters were varied simultaneously, the combination of rifaximin 

± lactulose was estimated to be cost-effective over half the 

time at a willingness-to-pay threshold of ~$28,000 per QALY/

LY gained or higher. This regimen was predicted to be cost-

effective ~99% of the time at a threshold of $50,000 per QALY/

LY gained. These estimates are within the commonly accepted 

threshold for incremental cost-effectiveness of $50,000.37

Input 

Range of Inputs Used for Deterministic and Probabilistic 
Sensitivity Analyses

Probabilistic Sensitivity 
Analysis Statistical 

DistributionRifaximin ± Lactulose Placebo ± Lactulose

Population
On concomitant lactulose, % 86.2-95.5 86.3-95.1 Beta 

Remission state
With overt episodes by 6 months, %a 15.2-29.0 38.2-53.6 Normal
Hospitalizations per person-years exposure 0.18-0.30 0.44-0.73 Gamma
Mortality at year 5, %a 47.9-58.0 62.8-77.0 Normal
Health utility 0.92-0.95 Beta

Overt state
Hospitalization among those with an overt episode, % 53.3-69.4 41.4-57.0 Beta
Reversed after 2 weeks among hospitalized patients, % 64.7-85.7 31.4-57.0 Beta
In-hospital 2-week mortality, % 14.1-35.1 36.2-62.1 Beta
Two-week mortality after hospitalization, % 0.1-1.6 0.1-2.8 Beta
Nonhospitalized 2-week mortality, % 0.1-1.6 0.1-2.8 Beta
Health utility for HE 0.74-0.82 Beta

Liver transplantation
Number of liver transplantations per patient per year 0.05-0.08 Gamma
Life expectancy after liver transplantation 24.0-35.0 years Normal
Health utility after liver transplantation 0.95-0.97 Beta

Costs, $
Lactulose daily cost 1.16-1.45 Gamma
Cost of HE-related hospitalization 15,093-24,934 18,782-31,026 Gamma
Cost of non-HE-related hospitalization 12,169-20,104 Gamma
Cost of liver transplantation 169,574-197,204 Gamma

Other variables
Relative risk for subsequent overt episodesb 0.25-2.00 Lognormal
Discount rate, costs, % 0.0-6.0 N/A
Discount rate, benefits, % 0.0-6.0 N/A

Note: Values shown in this table are standard error ranges for default parameters shown in Tables 1 and 2.
aHazard parameter varied in probabilistic sensitivity analysis.
bBase case value is 1.
HE = hepatic encephalopathy; N/A = not applicable.

TABLE 3 Sensitivity Analysis Inputs
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treatment guidelines for HE after its publication.15,40 Finally, 
understanding of the potential effect of HE on patient-centered 
outcomes (e.g., quality of life) has evolved during the time 
period between these 2 economic analyses.28 

Limitations
There are potential assumptions and limitations that must 
be considered when interpreting the results of this model. 
Simplifying assumptions were made to account for data short-
comings, with a goal of achieving balance between face validity 
of the model and the intricacies of clinical practice and disease 
progression. For example, the model did not explicitly take 
into account patient compliance to therapy because the avail-
able data were considered to be inadequate. The treatment 
effectiveness inputs should inherently reflect the underlying 
compliance of patients within the context of the included 
studies. Costs of drugs assumed full compliance, which should 
result in conservative estimates of the overall benefit of a rifaxi-
min regimen by allocating the full cost of therapy whether or 
not a patient achieves the full clinical benefit of therapy.

While it is theoretically possible that HE treatment may 
have a disease-modifying effect (i.e., reversal of decompensa-
tion), the current model did not account for this potential. 
Therefore, the model may underestimate the actual benefits of 
long-term maintenance therapy with rifaximin.

In addition, patients still in the overt HE state at 2 weeks 
after hospital discharge were assumed to have the same risk 
of death as patients with overt HE who were not hospitalized. 
Estimates were based on observed deaths in an open-label 
extension study under the assumption of a constant hazard 
function.19 It may be assumed that patients who are hospital-
ized for an overt HE episode are more severe or at higher risk 
of death than those managed in the outpatient setting.

Patients may also be at risk of ongoing neurological compli-
cations following recurrent episodes after transplant.43-45 These 

■■ Discussion
Current guidelines recommend prophylactic treatment fol-
lowing an episode of overt HE to reduce the risk of recurrent 
HE.15 Considerable evidence suggests the benefit of long-term 
prophylactic therapy with rifaximin1,19-21,23,24,26,38,39; however, 
evidence evaluating the economic effect of rifaximin treatment 
is lacking. The few published resource utilization studies iden-
tified consider the costs associated with HE in general,25 in the 
acute inpatient setting,8 or in diagnostic screening in patients 
with minimal HE.39

A study by Huang et al. (2007) concluded that although 
rifaximin monotherapy is clinically safe and effective,40 when 
used as monotherapy, it is unlikely to be cost-effective under 
the majority of circumstances. Alternatively, a recent system-
atic review of studies reporting economic data for HE and 
rifaximin and/or lactulose found that rifaximin had a favorable 
economic profile.41 The current analysis demonstrates that the 
clinical benefits of a rifaximin-based regimen may be obtained 
at reasonable cost to U.S. payers relative to lactulose monother-
apy and that the price of rifaximin provides good value relative 
to commonly accepted cost per QALY thresholds. 

The present study improves on the identified limitations 
of the Huang et al. economic analysis,40 which served as a 
basis for this analysis. Differences in the original economic 
analysis and the present study may account for differences in 
overall findings. Studies were conducted over a decade apart, 
during which time significant contributions to the knowl-
edge and understanding of rifaximin treatment for overt HE 
have been made.18-20,23,24,26,38,42 This economic analysis was 
able to include data from head-to-head comparison studies of 
rifaximin ± lactulose,18 including long-term follow-up data.19 
The Huang et al. paper relied on studies of varying duration 
and design to inform the analysis.40 The current analysis also 
includes a rifaximin + lactulose treatment arm not considered 
in the 2007 Huang study, partially due to the refinement of 

Outcome Rifaximin + Lactulose Placebo + Lactulose Difference

Clinical outcomes
QALYs per patient, discounted (undiscounted) 6.4 (8.9) 3.1 (4.1) 3.3 (4.9)
LYs per patient, discounted (undiscounted) 6.7 (9.4) 3.2 (4.3) 3.5 (5.1)
Number of liver transplantations (per 100) 20 9 11

Costs, $
Drug costs 84,521 664 83,857
Other direct costs 67,885 55,367 12,518
Hospitalizations 34,036 39,316 −5,280

HE-related 22,469 26,257 −3,789
Non-HE-related 11,568 13,059 −1,491

Liver transplantation 33,849 16,051 17,798
Total 152,406 56,031 96,375

HE = hepatic encephalopathy; LY = life-year; QALY = quality-adjusted life-year. 

TABLE 4 Clinical and Economic Outcomes
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aspects are captured in the elevated mortality risk during hos-
pitalization. Risk of subsequent overt HE episodes was calcu-
lated based on the initial hazard function estimate. Variation in 
these parameters did not substantially affect the results.

Finally, health utility estimates used in the model were 
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