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The European Liver and Intestine Transplant Association, ELITA, promoted a Consensus
Conference involving 20 experts across the world which generated updated guidelines on
HBV prophylaxis in liver transplant candidates and recipients. This study explores the
economic impact associated with the implementation of the new ELITA guidelines. To this
aim, a condition-specific cohort simulation model has been developed to compare new
and historical prophylaxis, including only pharmaceutical cost and using the European
perspective. The target population simulated in the model included both prevalent and
incident cases, and consisted of 6,133 patients after the first year, that increased to
7,442 and 8,743 patents after 5 and 10 years from its implementation. The ELITA
protocols allowed a cost saving of around € 235.65 million after 5 years and €
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540.73 million after 10 years; which was mainly due to early HIBG withdrawal either after
the first 4 weeks or after the first year post Liver Transplantation (LT) depending on the
virological risk at transplantation. Results were confirmed by sensitivity analyses. The
money saved by the implementation of the ELITA guidelines would allow healthcare
decision makers and budget holders to understand where costs could be reduced and
resources re-allocated to different needs.

Keywords: prophylaxis, hepatitis B, immunoglobulin (IgG), liver transplant, economics

INTRODUCTION

Prophylaxis for HBV recurrence is of critical importance post
liver transplantation (LT). Despite the efficacy of new
prophylactic regimens based on short term Hepatitis B
Immunoglobulins (HBIG) use [1,2], most European LT
centers persist with a conservative approach, combining
hepatitis B immunoglobulin (HBIG) long term with nucleos(t)
ides analogues (NA). The recently published ELITA guidelines
provide updated new evidence that prophylactic strategies based
on a personalized use of HBIG is possible; its duration dependent
on the virological risk profile at the time of LT [3].

Based on this new approach there is the potential for
substantial cost-savings to the healthcare budget, which could
be reinvested in other areas to improve patient management and
outcomes. To better understand the possible economic impact of
these new strategies we performed a budget impact analysis (BIA)

using the European perspective. This analysis aims at
understanding the possible cost savings associated with the
implementation of the new ELITA guidelines compared to
current clinical practice.

MATERIALS AND METHODS

BIAs are increasingly required by budget holders and Healthcare
Authorities to understand the economic impact of adopting a new
healthcare intervention/treatment protocol in a specific
population. BIA addresses the expected changes in the
expenditure of a healthcare system after the adoption of a new
intervention proving valuable information for budget or resource
planning [4]. The computing framework for a BIA can be a
simple cost calculator programmed on a spreadsheet or a
condition-specific cohort or individual simulation model [4].
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In this study, a condition-specific cohort simulation model
was developed to compare new and historical treatment
protocols, including only pharmaceutical cost and using the
European perspective. The model estimates the cost of two
different scenarios: Historical scenario, based on long term use
of HBIG, and ELITA scenario, based on individualized use of
HBIG according to the ELITA Clinical Practice Guidelines [3].
The model assumed that all patients in the historical scenario
received long term HBIG, while patients in the ELITA scenario
were treated according to the individualized virological risk at LT.
The analysis was conducted using a 10-year time horizon.

The treatment protocols included in the two scenarios were.

1. Historical protocol
HBIG 5.000 IU/day intravenous IV) for 7 days +5.000 IU
IV every 2 months life-long + NA lifelong.

2. ELITA protocol (ELITA guidelines)
Low risk populations (HBV DNA negative at LT).
HBIG 5.000 IU/d IV for 7 days + NA lifelong.
High risk population (HBV DNA positive at LT).
HBIG 5.000 IU/day IV for 7 days + 5.000 IU IV every
2 months for 1year + NA life-long.
Special population (poorly adherent and HBV/HDV):

HBIG 5.000 IU/day IV for 7 days +5.000 IU IV every
2 months life-long + NA lifelong.

Notably, patients transplanted, with hepatocellular carcinoma
(HCC), were not considered as a special population but received a
prophylactic regimen based on their virological risk, as patients
with decompensated cirrhosis. Further, the dose of HIBG in the
7 days post-transplant theraphy was set at 5,000 IU/kg instead of
10,000 IU/Kg as reported in ELITA guidelines. This change in
treatment protocol was based on the actual treatment performed in
the majority of European LT centers. However, this change has no
effect on the overall budget impact because the first 7 days
treatment with HBIG post-transplant is the same in both
historical and ELITA protocol (HBIG 5.000 IU/day intravenous
IV) for 7 days).

The population simulated for this analysis consisted of all
HBV transplanted patients performed in Europe over a 10-year
time period. Patients were stratified into two groups: 1. Incident
LT patients, all HBV patients forecast to receive a LT in the next
10 years, and 2. Prevalent LT patients, all alive patients
transplanted in the last 15 years. The clinical and
epidemiological data used in the model is reported in Table 1
and was based on the European Liver Transplant Registry (ELTR)

TABLE 1 | Model data input.

Parameters Value (range) References

Epidemiological data
New yearly (incident) cases of HBV LT patients, N 506 (405–607) Adam 2018
Number of prevalent HBV LT patients, N 5,627 (4,501–6,752) Adam 2018

Clinical data
New LT patient
HBV liver transplant mortality probability at 1 year, % 13.78% Adam 2018
HBV liver transplant mortality probability at 5 years, % 12.23% Adam 2018
HBV liver transplant mortality probability at 10 years, % 18.57% Adam 2018

Prevalent LT patient
HBV liver transplant mortality probability at 5 years, % 6.34% Adam 2018
HBV liver transplant mortality probability at 10 years, % 14.51% Adam 2018

Distribution of patients category included in ELITA protocol
Low risk 82.0% Adam 2018
High risk 10.0% Fraser 2013
Special patients 8.0% Ladin 2018

Treatment cost
Entecavir, € per mg 11.9 € (7.3–16.2) Duvoux 2021
Tenofovir, € per 245 mg 8.4 € (4.4–13.6)
HBIG IV, € per 5000 IU 1,589.6 € (1,029–2,772.7)

Historical protocol 1st treatment year 24,366 € Estimated
≥2nd treatment year 13,239 €

New protocol Low riska 1st treatment year 14,828 €

≥2nd treatment year 3,701 €

High riskb 1st treatment year 24,366 €

≥2nd treatment year 3,701 €

Special populationc 1st treatment year 24,366 €

≥2nd treatment year 13,239 €

aLow virological risk patients: patients with undetectable HBV DNA, pre-LT, irrespective of Lt indication (cirrhosis or fulminant hepatitis).
bHigh virological risk patients: Patients with detectable HBV DNA, at LT, Patients with HBV, reactivation resulting in HBV-related acute on chronic liver failure.
cSpecial populations: Patients with HDV, co-infection, at low virological risk but deserving full prophylaxis, HCC, patients, at higher virological risk in case of HCC, recurrence but not
requiring, patients at risk of poor adherence to antiviral therapy post-LT.
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data [5]. The number of incident cases, that is new HBV LT
patients, were estimated assuming 506 cases per year, and a
survival probability of 86.22% after 1 year, 77.77% after
5 years, and 71.43% after 10 years [5]. The number of
prevalent cases, that is historical LT patients, were assumed to
be 5,627, based on 7,593 HBV LT reported by Adams et al. over
the last 15 years, with the associated survival probability [5].

The predictive model assumed a survival probability of
prevalent LT patients equal to 93.56% after 5 years and 85.49%
after 10 years [5]. Furthermore, to define the number of patients
associated to each category of the ELITA treatment protocol, the
model had 82% prevalence of low-risk patients, 10% of high risk
and 8% of special patients [5,6,7].

The pharmaceutical costs for HBV drugs were the only costs
included in the analysis. The unit price applied to each drug was
the average of drugs price reported in Spain, Italy, France,
Austria, Belgium and Poland [3]. NA cost applied in the
analysis was the average price of ENT (11.9 € per mg) and
TDF (8.4 € per 245 mg). The price applied to HIBG was the
one associated to the IV formulation (Table 1).

Based on these drug costs, the model estimated the total
annual cost per patient per single treatment. The treatment
cost per patient for the first year and the subsequent years are
reported in Table 1. The estimated annual costs were combined
with the epidemiological data to estimate the 10-year cumulative
cost of the two scenarios. The difference between these two

FIGURE 1 | Target population estimated by the model.

FIGURE 2 | Total budget for the historical protocols and new ELITA treatment guidelines in incident (new) cases (A), prevalent cases (B), all cases (C), and the
associated budget impact (D). Results from the European point of view and using 10 years time horizon.
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indicate the potential budget impact associated with the
application of the new ELITA guidelines in Europe, over the
next 10 years, considering all HBV transplanted patients.

Additional analyses were performed to assess the following: 1.
The impact of HBIG price to the budget impact results, applying
the lowest and highest price reported within the 6 European
countries used to estimate the HBIG price, 2. The variations in the
number of incident LT patient, 3. Variations in the number of
prevalent LT patient (±20% of base case), 4. The use of 1000 IU
intramuscular (IM) or subcutaneous (SC) HBIG (327.6 Euro)
every 2 weeks instead of 5000 IU IV HBIG (1,589.6 Euro) every
2 months, and 5. The use of 1000 IU IM or SC HBIG every
4 weeks instead of 5000 IU IV every 2 months. Further, to test the
impact of a lower percentage of low-risk patients, an alternative
scenario was tested assuming 70.0% low risk patients, 16.5% high-
risk, and 13.5% special patients.

No human studies are presented in this manuscript; ethics
approval or specific consent procedures were not required.

RESULTS

The target population in the prediction model included both
prevalent and incident cases, and consisted of 6,133 patients in
the first year (Figure 1) that increased to 7,442 and 8,743 patients
after 5 and 10 years from its implementation.

According to the historical protocol the cumulative costs were
the following.

- For incidental patients: 11.64 Million Euro after 1 year and
356.32 million Euro after 10 years (Figure 2A, black bars).

- For prevalent patients: 57.36 million Euro after 1 year and
527.61 million Euro after 10 years (Figure 2B, black bars).

- For prevalent + incident patients: 69.00 million Euro after
the first year that increased to 883.93 million Euro after
10 years (Figure 2C, black bars)

The costs of the adoption of the ELITA guidelines, the dashed
bars in Figure 2 panel A, B and C, was associated with a

significant budget reduction and a cost saving of almost
41.83 million Euro at 1 year, 235.65 million Euro at 5 years,
and 540.73 million Euro at 10 years (Figure 2D). The saving
associated with new HBV post-LT prophylactic regimen was due
to HIBG withdrawal after the first 4 weeks post LT in low and
high risk populations, and to the increasing number of patients
over time treated according to the ELITA guidelines.

The results of sensitivity analysis are reported in Table 2, and
confirmed the significant cost saving associated to the adoption of
the new ELITA guidelines. The use of 1000 IU IM or SC HBIG
(327.6 Euro) every 4 weeks instead of 5000 IU IV HBIG
(1,589.6 Euro) every 2 months was the parameter with the
highest impact on the budget difference between the two
scenarios, followed by HBIG price. The use of 1000 IU IM or
SC HBIG every 4 weeks instead of 5000 IU IV HBIG every
2 months resulted in a cost saving of 252.31 million Euro at
10 years instead of 540.73 million Euro. Applying a price of
1,029.0 Euro per 5000 IU instead of 1,589.6 Euro, the model
predicted a budget cut of 348.49 million Euro.

DISCUSSION

New guidelines or international society recommendations
provide up-to-date clinical evidence for improving clinical
outcomes and managing patients. Unfortunately, economic
impact analysis associated with the implementation of new
guidelines or recommendations is rarely performed. Our
study provides the budget impact analysis of the new
strategies provided by ELITA for the management of liver-
transplanted patients with Hepatitis B assuming that all
prevalent cases (patients already transplanted) and incident
cases (new patients undergoing LT) would be treated
accordingly. Costs derived from the new ELITA guidelines
were compared with those associated with historical
protocols.

Based on our analysis, the implementation of the ELITA
guidelines, resulted in a substantial cost saving which was
possible thanks to an individualized short-term use of HBIG

TABLE 2 | Sensitivity analysis results.

Parameters Value - base
case

Budget
impact—Base case

Value—sensitivity analysis Budget impact—sensitivity
analysis

Budget impact
difference

New yearly (incident) cases of HBV
LT patients, N

506 −540,732,472 €
a 405 −502,636,429 € −38,096,043 €

607 −578,828,154 € 38,096,043 €

Number of prevalent HBV LT
patients, N

5,627 4,501 −470,739,495 −69,992,976 €

6,752 −610,711,633 € 69,979,161 €

HBIG IV, € per 5000 IU 1,589.6 € 1,029.0 € −348,487,657 € −192,244,815 €

Type and dose of HBIG 5000 IU IV every
2 months

1000 IU IM or SC HBIG every
2 weeks

−551,414,186 € 10,681,714 €

1000 IU IM or SC HBIG every
4 weeks

−252,313,764 € −288,418,708 €

Distribution of patients category
included in ELITA protocol

82.0% (low risk) 70.0% (low risk) −504,881,105 € −35,851,367 €

10.0% (high risk) 16.5% (high risk)
8.0% (special

patients)
13.5% (special patients)

aSaving at 10 years in LT, récipients (incident + prevalent) using new ELITA, guidelines (overall cost € 343, 193, 478) instead of historical protocol (overall cost € 883, 925, 949).
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depending on the virological risk at the time of liver
transplantation. In particular, according to the ELITA
guidelines patients are considered at low or high risk if
HBVDNA is undetectable (low risk) or positive at LT (high
risk). Patients with low risk profile account for the vast
majority of cases and are indicated to receive HBIG for the
first 7 days after LT while high risk patients should be treated
with HBIG for 1 year. Both low and high-risk patients are
continued on NA alone after HBIG withdrawal.

Considering both prevalent and incident cases throughout
Europe, the cost savings favored by the implementation of the
ELITA clinical practice guidelines, was estimated at
235.65 million Euro at 5 years and 540.73 million Euro after
10 years. The cost saving is mainly associated to the reduction of
HBIG use which produced a cost reduction of €9,538 per patient
year both in low and high risk patients after the first year post LT.
Assigning both incident and prevalent patients to new ELITA
treatment guidelines provided the largest savings. The
implementation of the ELITA guidelines to solely incident
patients would also lead to significant cost savings, however
the impact would become more significant after years due to
the increasing number of patients treated with this new treatment
protocol. Even the use of very low dose of HIBG, 1000 IU IM or
SC HBIG every 4 weeks long term, was associated to a substantial
saving (252.31 million Euro). In this scenario, the cost saving was
€4,328 per patient year both in low and high risk patients after the
first year post LT.

The results of this study are in accordance with the
preliminary results reported in the original ELITA paper,
however the current model which now includes prevalent
cases, allows a more specific and accurate assessment of the
potential overall economic impact. In fact, the estimated
saving is higher to what assessed in previous analysis [3] as
patients with HCC were not considered as a special population
but received a prophylactic regimen based on their virological
risk, similarly to decompensated cirrhotics.

An alternative prophylactic strategy, based on the use of NA
without HBIG, has also been proposed by Fung and colleagues
from Asia [2]. This treatment protocol would allow a greater
reduction in treatment costs of 286.09 million Euro after 5 years
and 647.73 million Euro after 10 years, compared to the historical
treatment regimen. Furthermore, the approach proposed by Fung
and colleagues compared favorably even with the new ELITA
protocol, with around €50 million and €100 million savings at
5 and 10 years. Although such approach proved to be very
effective and safe in Asia, new studies generated in western
countries are needed before being accepted in European
guidelines.

The study has some limitations. First, the analysis does not
consider the clinical efficacy of the different scenarios
(incidence of expected HBV recurrence). However, the
available evidence suggests that the historical and new
treatment protocols are associated with a similar efficacy
that is an average 5% incidence of treatment failures [3].
Second, the analysis does not consider the adverse events
associated with the historical protocols and ELITA
guidelines. This approach is conservative considering the

better safety profile associated to the lower use of HBIG in
the new ELITA protocol. Third, the analysis assumed no
treatment discontinuation in order to estimate the
maximum economic impact associated with the new ELITA
protocol. A different treatment adherence could in fact be
observed when following historical protocols or new ELITA
guidelines. In this case, a different clinical efficacy should be
considered and a cost-effectiveness analysis should be
conducted instead of a budget impact analysis. Fourth, the
cost of HBIG IV infusion was not included in the analysis due
to the high variability of cost and setting throughout Europe.
However, this approach can be considered conservative due to
the higher use of HBIG in the Historical scenario and the
related higher cost associated to the infusions. Finally, the
analysis assumed the use of Tenofovir Viread but not that of
the more expensive Vemlidy. Since, the use of NA is the same
in both historical protocols and ELITA guidelines; using a
more or less expensive NA has no impact on the budget
impact.

In conclusion, the new ELITA recommendations provide an
individualized treatment prophylaxis of HBV patients based on
virological risk profile at LT that would allow a significant cost
reduction in Europe. The money saved would give the possibility
to the healthcare system to invest in other technologies in order to
improve the health of the population. New studies focusing on
economic impact of ELITA guidelines in each European country
could be of interest to provide specific information for local
healthcare authorities and patients.
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