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Abstract

Background and aims:

While short-term kidney graft survival has gradually improved over time, improvements in long-term graft

survival have been more modest. One key clinical factor limiting improved longer-term outcomes is

antibody-mediated rejection (AbMR), the incidence of which appears to be higher in patients who are

non-adherent to immunosuppressants. Recent data show that adherence can be improved by reducing pill

burden. The aim of the present study was to model the incidence and economic consequences of graft loss

and AbMR in patients taking once- vs twice-daily tacrolimus in the UK.

Methods:

A combined decision tree and Markov model was developed to estimate the incidence of graft failure, AbMR

and mortality in renal transplant recipients taking once- vs twice-daily tacrolimus. Underlying rates of graft

failure and mortality were derived from UK-specific sources. Proportions of patients adherent to once- vs

twice-daily tacrolimus were taken from a recent randomized clinical trial and relative risks of graft failure and

AbMR were taken from a prospective, multi-center analysis of 315 patients. Cost data were taken from the

British National Formulary and National Health Service reference costs and reported in 2014 pounds

sterling.

Results:

Modeling results showed that improved adherence would be associated with reduced incidence of AbMR

and graft failure in renal transplant recipients. Based on improvements in adherence resulting from

switching from twice-daily to once-daily tacrolimus, the modeling analysis projected cost savings of GBP

4862 per patient over 5 years with Advagraf relative to Prograf, on absolute costs of GBP 40,974 and GBP

45,836, respectively.

Conclusions:

Using Advagraf in place of Prograf in renal transplant recipients was predicted to be associated with lower

pharmacy, dialysis and AbMR treatment costs, with the reduction in AbMR and dialysis costs being driven by

improved adherence to the Advagraf regimen and consequent reductions in graft failure and onset of AbMR.

Background and aims

Graft survival after renal transplantation has improved substantially over the
past few decades. In 2000, Hariharan et al.1 reported that both short- and
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long-term graft survival were improving in the US,
suggesting that targeting improvements in short-term out-
comes would result in consequent improvements in
long-term outcomes and that acute rejection and
short-term graft survival were, therefore, useful surrogate
end-points for longer-term outcomes2. However, subse-
quent studies have shown that long-term survival rates
were not improving at the same rate as short-term survival,
and, more recently, it has become apparent that short-term
and long-term graft attrition are driven by distinct
processes, with little correlation between the two3–5.

Key among the processes driving long-term graft failure
is antibody-mediated rejection (AbMR). The exact
molecular processes underpinning AbMR are still the sub-
ject of investigation, but recent studies have shown that
donor-specific antibody (DSA) formation is effected by
B-cell and plasma cell activation, with DSAs subsequently
binding to human leukocyte antigen (HLA) or non-HLA
molecules on the graft endothelium, leading to the recruit-
ment of natural killer (NK) cells, polymorphonuclear
neutrophils, and macrophages, which bring about capillar-
itis and tissue injury in the graft6. The endothelial damage
then causes platelet aggregation, accumulation of neutro-
phils, and thrombotic microangiopathy, which ultimately
result in cellular necrosis and a rapid decline in graft func-
tion6. AbMR can be divided into two classifications,
chronic and acute, the latter of which is further divided
into two distinct phenotypes. The 2011 Banff meeting
report emphasized the importance of correctly defining
the two principal acute AbMR phenotypes: AbMR pheno-
type 1 in pre-sensitized patients, occurring soon after
transplantation; and AbMR phenotype 2, which develops
from the emergence of de novo DSA in the late post-
transplant period7.

The second AbMR phenotype identified in the 2011
Banff meeting is thought to arise in patients who are non-
adherent or otherwise inadequately immunosuppressed6.
For instance, in a review of outcomes in renal transplant-
ation, Halloran et al.8 estimated that 20% of all late graft
failures were driven by non-adherence to the prescribed
regimen, with the failures caused predominantly by
AbMR. Similarly, a 2012 study by Sellarés et al.9 suggested
that the incidence of AbMR mediated by de novo DSA is
much higher in patients who are non-adherent to their
immunosuppressive regimens. Specifically, Sellarés et al.
reported that, of 26 patients in whom concerns around
adherence were raised, 19 (73%) subsequently experi-
enced graft failure, compared with 41 graft failures
(14%) in 289 adherent patients.

The role of non-adherence in driving AbMR is particu-
larly relevant in renal transplant recipients, in whom non-
adherence to immunosuppressive regimens is higher than
recipients of other solid organ transplants10. Numerous
studies have investigated the factors influencing adher-
ence in transplant recipients, including a 2012 study

which reported a strong inverse association between the
number of immunosuppressive medications used by a
transplant recipient and the proportion of patients who
are adherent to therapy11. Furthermore, increased dosing
frequency and regimen complexity have also been asso-
ciated with reduced adherence12. Given that twice-daily,
immediate-release formulations still constitute the major-
ity of UK tacrolimus prescriptions (typically as part of a
more complex regimen including steroids and mycophe-
nolate mofetil), there is still a great unmet need in allograft
recipients for reduced pill burden13.

While not all episodes of AbMR result in poor out-
comes, patients with acute AbMR are exposed to a
higher risk of subsequent rejection, chronic AbMR, or
graft failure6. Indeed, graft loss outcomes are significantly
worse in patients with AbMR than those with cellular
rejection14. Not only is the longer-term prognosis of
patients with AbMR worse, but the initial treatment of
AbMR also leads to greatly increased healthcare resource
use and cost. The choice of AbMR treatment is compli-
cated by the wide array of available treatment options,
around which there is still little consensus15. The lack of
consensus is driven in part by the fact that, in contrast to
cell-mediated rejection, the US Food and Drug
Administration does not yet recognize AbMR as an appro-
vable indication15. Similarly, the European Medicines
Agency (EMA) does not recognize antibody-mediated
rejection as a specific indication. The EMA Committee
for Orphan Medicinal Products (COMP), under whose
remit the prophylaxis and treatment of graft rejection
falls, recently convened to discuss the use of eculizumab
for prevention of AbMR after solid organ transplantation,
but fell short of recognizing AbMR as distinct from other
graft rejection mechanisms, instead describing the indica-
tion simply as ‘prevention of graft rejection following solid
organ transplantation’ (p. 10)16. This has had a material
effect on the treatments available for AbMR, presenting a
practical barrier to using new medications and leading to a
relatively small evidence base. Current AbMR treatment
options include therapies targeting DSA, the complement
system, antigen-presenting, B, T, and plasma cells, in addi-
tion to splenectomy as a last resort to deplete the B-cell
and plasma cell pools15.

Using recent data on the proportion of patients adher-
ent to once- vs twice-daily tacrolimus regimens (Advagraf
and Prograf, respectively)17, the relative risks of graft fail-
ure and AbMR in non-adherent vs adherent patients9, and
AbMR treatment protocols as described in recent guide-
lines, retrospective studies, randomized clinical trials and
single-center UK treatment regimens, the aims of the pre-
sent study were two-fold: to evaluate the budget impact of
using Advagraf in place of Prograf (thereby reducing the
pill burden) in renal transplant recipients in the UK set-
ting, and to evaluate the costs associated with different
AbMR treatment modalities.
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Methods

A budget impact model was developed in Microsoft Excel
(Microsoft Corporation, Redmond, WA) to evaluate the
costs associated with immunosuppressive medications,
antibody-mediated rejection (AbMR), and graft failure
in patients using Prograf or Advagraf as their primary
immunosuppressive medication. The model was structured
as a decision tree followed by a four-state Markov process
(Figure 1). The decision tree portion of the model divided
patients into adherent and non-adherent, based on data
from the Adherence Measurement in Stable Renal
Transplant Patients Following Conversion from Prograf
to Advagraf (ADMIRAD) study published by Kuypers
et al.17, which reported the findings of a randomized clin-
ical trial investigating adherence in renal transplant
recipients on once- vs twice-daily tacrolimus conducted
in Belgium in 2008–2009. In the Prograf arm, 78.8% of
patients were adherent to the prescribed tacrolimus regi-
men, compared with 88.2% of patients in the Advagraf
arm (p¼ 0.0009).

In the subsequent Markov process, transition probabil-
ities modeling the underlying incidence of graft failure and
patient mortality were derived from data from the 2013–
2014 National Health Service Blood and Transplant
(NHSBT) Organ Donation and Transplantation
Activity Report (Appendices 1–4). Specifically, data
from 2148 UK patients who underwent first kidney trans-
plantation (from donors after brain death) in 2006–2008
were used to establish the ‘baseline’ proportion of grafts
and patients surviving at years 1, 2, and 5 after transplant.
The probability of transition to death was handled separ-
ately from transitions between living states owing to its
dependence on time since graft (Appendix 5).
Specifically, transitions to the dead state were captured
in each cycle prior to transitioning patients between
living states, and the probabilities were converted from
monthly rates derived from the NHSBT Kaplan-Meier
curves. As the model was developed in Microsoft Excel

(rather than dedicated Markov modeling software), check-
sums were used to ensure that all outbound transition prob-
abilities summed to 1 and the model was internally
validated against the mortality data on which it was
based (i.e., first-order validation). Furthermore, the
Markov model was independently implemented using
the ‘expm’ matrix exponential package in R, and state
distributions were compared over time18,19.

A relative risk of graft failure in patients not adherent to
their prescribed immunosuppressive regimen (relative to
those adherent to the prescribed regimen) was derived
from the 2011 study by Sellarés et al.9. Specifically, 19 of
26 patients in whom concerns around non-adherence were
raised by investigators (or who reported non-adherence
directly) experienced graft failure over the median
follow-up time of 31.4 months, compared to 41 graft fail-
ures in 289 adherent patients, giving a relative risk of 5.15
assuming equivalent mean time at risk for patients in each
group. DSA formation occurred in 20 of the 26 non-adher-
ent patients, compared with 84 of the 289 patients with no
recorded concerns regarding adherence9. These data were
used to model the probability of onset of AbMR in the
adherent and non-adherent patient groups. In the base
case analysis, resource use associated with the treatment
of AbMR was estimated based on guidelines from the
Edinburgh Renal Unit (Table 1)20. Specifically, the base
case analysis assumed 500 mg of intravenous methylpred-
nisolone given every day for 3 days, five plasma exchanges,
and five intravenous immunoglobulin infusions per plasma
exchange, for a total of 25 infusions at a dose of 100 mg/kg.
Additional DSA monitoring and renal biopsy costs asso-
ciated with diagnosis were conservatively excluded from
the analysis on the grounds that the incremental effects of
diagnostic costs would likely be negligible and the sensi-
tivity and specificity of the full AbMR diagnostic protocol
is not well characterized. All pharmacy costs were taken
from the British National Formulary (BNF) 68th edition,
while costs associated with peritoneal and hemodialysis

Figure 1. Decision tree, Markov states and possible transitions.
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were taken from 2013–2014 National Health Service ref-
erence costs (Table 2)21. Assumptions around dialysis were
informed by an NHS fact sheet on the cost-effectiveness of
transplantation and Renal Association guidelines on
hemodialysis22,23. Specifically, in patients undergoing
dialysis, 24% were assumed to be undergoing peritoneal
dialysis, with the remaining 76% of patients attending
hemodialysis 3 times weekly.

Cohort

The cohort was assumed to have a mean body weight of
70.3 kg, based on a multi-center randomized trial of
Advagraf and Prograf in 667 de novo renal transplant recipi-
ents published in 2010 by Krämer; et al.24. The model used
mean body weight to calculate the mean daily dose of
tacrolimus and the concomitant medications mycopheno-
late mofetil (MMF) and corticosteroids (prednisolone)
based on data from the Krämer et al. study. Tacrolimus
doses in the Advagraf and Prograf arms were based on the
dose at study day 365 (0.075 mg/kg/day) and were taken to
be equivalent, since patients in the Krämer et al. study were

initiated on the same dose (of 0.2 mg/kg/day) and subse-
quent differences (arising from titration to a pre-
specified serum trough concentration) were not reported
as significant. In the base case, mean MMF doses were
taken to be 1450 mg/day in year 1 (based on the mean of
the doses at baseline and day 365) and 960 mg/day in sub-
sequent years (based on the dose at day 365 in the Krämer
et al. study). All patients were assumed to continue taking
MMF for the duration of the modeling analysis.
Corticosteroid doses were calculated on the same basis as
MMF, and were 16.6 mg/day in year 1 and 4.9 mg/day in
subsequent years. However, in contrast to MMF, the pro-
portion of patients taking corticosteroids was taken to be
94.7% in the first year, dropping to 89.3% in subsequent
years, also based on the Krämer et al. study.

Time horizon, perspective, and discounting

The base case analysis was run over a 5-year time horizon
from the perspective of a UK healthcare payer and the
model adopted a monthly cycle length. Future costs were
not discounted, in line with International Society for

Table 1. Resource use associated with AbMR.

Resource use per AbMR episode Total cost (GBP)

Base case (Edinburgh Renal Unit)
Methylprednisolone 3� 500 mg 28.80
Plasma exchange 5 7593.53
Intravenous immunoglobulin 5� 100 mg/kg 10,315.01

Total 17,937.34
Rituximab

Base case 1 17,937.34
Rituximab 500 mg/m2 3.61� 375 mg/m2� 1.73 m2 4,089.81

Total 22,027.15
Bortezomib

Base case 1 17,937.34
Bortezomib 1.3 mg/m2 4� 1.3 mg/m2� 1.73 m2 1959.53

Total 19,896.87
Eculizumab

Base case 1 17,937.34
Eculizumab 600 mg 2� 600 mg 12,600.00

Total 30,537.34

AbMR, antibody-mediated rejection; GBP, pounds sterling.

Table 2. Costs used in the base case analysis.

Cost item Cost Reference

Advagraf (GBP per mg) 1.43 BNF 6821

Prograf (GBP per mg) 1.61 BNF 6821

Mycophenolate mofetil (GBP per mg) 0.0033 BNF 6821

Corticosteroids (GBP per mg) 0.0358 BNF 6821

Acute rejection episode (GBP) 28.50 BNF 6821

Treatment-refractory acute rejection episode (GBP) 6701.65 BNF 6821

Peritoneal dialysis (GBP per day) 67.00 NHS 2013–2014 reference costs (HRG LD12A)22

Hemodialysis (GBP per session) 139.00 NHS 2013–2014 reference costs (HRG LD01A)22

BNF, British National Formulary; GBP, pounds sterling; HRG, healthcare resource group; NHS, National Health Service.
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Pharmacoeconomic and Outcomes Research (ISPOR)
guidelines for budget impact analyses25.

Sensitivity analyses

A series of sensitivity analyses were performed around the
base case to establish the magnitude of effect of various
drivers on the absolute and incremental outcomes. Two
sensitivity analyses were conducted in which the discount
rate was set to 3.5%, in line with the recommendations for
discounting the cost component of cost-effectiveness ana-
lyses laid out in the National Institute for Health and Care
Excellence (NICE) Guide to the Methods of Technology
Appraisal26.

Four analyses were performed around the relative risk of
graft failure in non-adherent patients compared with
adherent patients. Two of the relative risk analyses were
based on data from a 2009 study by Pinsky et al.27, in which
the relative risks of graft failure were taken from patients
categorized as having ‘fair’ and ‘poor’ adherence (based on
their adherence quartile within the whole study popula-
tion), with relative risks of 1.63 and 1.8 compared with the
‘excellent’ group, respectively. The final sensitivity ana-
lysis was based on a 2004 meta-analysis by Butler et al.28, in
which the graft failure odds ratio of 7.1 in non-adherent
relative to adherent patients was converted to a relative
risk of 3.47 using the Zhang and Yu29 method (based on
underlying graft failure rates of 1.3–40% in adherent
patients vs 6.1–100% in non-adherent patients).

A series of analyses were conducted around the AbMR
treatment modality employed. Additional treatment mod-
alities were investigated based on recent retrospective
analyses and case reports of rituximab, bortezomib and
eculizumab (Table 1)30–32. While there is little consensus
around the optimal administration timing and frequency of
each AbMR treatment option, the regimens investigated
in sensitivity analyses represent relatively conservative use
of the respective treatments, namely rituximab infusions,
four doses of bortezomib at 1.3 mg/m2, or two 600 mg doses
of eculizmab28–30.

Finally, a sensitivity analysis was conducted in which
the risk of mortality was increased in patients on dialysis
relative to those with a functioning graft. A mortality rate
ratio was derived from a 1999 study by Wolfe et al.33 in
which patients with a cadaveric renal transplant died at a
rate of 3.8 patients/100 patient-years, while patients
on dialysis on the transplant waiting list died at a rate of
6.3 patients/100 patient-years.

Results

The base case analysis showed that, over 5 years, patients
using Prograf as their primary immunosuppressive medica-
tion incurred costs of GBP 45,836, compared with costs of

GBP 40,974 in patients with Advagraf, representing a
5-year cost saving of GBP 4862 per patient (Figure 3,
Tables 3 and 4). Cost savings were driven by the increased
cost of dialysis and AbMR treatment in the Prograf arm,
arising from the higher proportion of patients not adherent
to the primary immunosuppressive regimen and the
associated higher incidence of graft failure (Figure 2).
These cost savings would translate to absolute savings of
GBP 486,200 over 5 years in a hypothetical 100-patient
cohort.

Sensitivity analysis showed that incidence of AbMR
had a large effect on the absolute cost outcomes
(Table 5). When AbMR costs were removed from the ana-
lysis, projected costs dropped by GBP 6818 in the Advagraf
arm and GBP 7014 in the Prograf arm. However, the effect
on incremental outcomes was smaller, with removal of
AbMR costs reducing the incremental costs to a saving
of GBP 4666 with Advagraf relative to Prograf. With the
exception of eculizumab, choice of AbMR therapy had a
relatively small effect on absolute costs. Adding 3.61 ritux-
imab infusions (at 375 mg/m2) to the base case AbMR
treatment assumptions increased costs from GBP 40,974
in the Advagraf arm in the base case to GBP 42,528 (an
increase of GBP 1554 per patient over 5 years relative to
the base case). Switching rituximab for four 1.3 mg/m2

doses of bortezomib increased costs to GBP 41,719, corres-
ponding to an increase of GBP 745 per patient (across all
patients) over 5 years. Eculizumab had a much greater
effect on costs, increasing costs in the Advagraf arm to

Table 3. Base case results expressed as mean per-patient state and
transition costs over a 5-year time horizon.

Advagraf
(GBP)

Prograf
(GBP)

Difference
(GBP)

State
Functioning graft 12,753.00 13,079.03 �326.03
Functioning graft with AbMR 3976.42 4400.66 �424.24
Dialysis after failed graft 17,425.80 21,341.95 �3916.15

Transition
Onset of AbMR 6818.46 7014.21 �195.75

Total 40,973.67 45,835.84 �4862.17

AbMR, antibody-mediated rejection; GBP, pounds sterling.

Table 4. Base case results expressed as mean per-patient drug, antibody-
mediated rejection and dialysis costs over a 5-year time horizon.

State Advagraf
(GBP)

Prograf
(GBP)

Difference
(GBP)

Tacrolimus 12,972.26 14,546.91 �1574.65
Concomitant medications 6414.13 6414.13 0.00
Treatment of AbMR onset 6818.46 7014.21 �195.75
Dialysis 14,768.82 17,860.59 �3091.78
Total 40,973.67 45,835.84 �4862.17

AbMR, antibody-mediated rejection; GBP, pounds sterling.
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GBP 45,763, an increase of GBP 4789 over the base case
analysis. Finally, the inclusion of increased mortality rates
from the dialysis state had a relatively small impact on
costs, reducing overall per-patient costs by GBP 461 and
GBP 570 in the Advagraf and Prograf arms, respectively,
thereby reducing the cost savings from the base case ana-
lysis by GBP 110.

Discussion

The modeling analysis showed that, when compared
with a twice-daily tacrolimus regimen, using a once-daily
tacrolimus regimen would result in cost savings in renal
transplant recipients in the UK setting over a 5-year time
horizon. Cost savings were projected to be driven by
reduced pharmacy costs. The strengths of the analysis are
the transparent modeling approach, use of recent UK-spe-
cific data on underlying graft rejection and mortality rates,
and the use of up-to-date UK cost data and resource-use

assumptions around AbMR treatment. However, as with
all health economic modeling analyses, there are a number
of limitations that should be considered when interpreting
the results. The analysis made use of data from heteroge-
neous populations, including data from the NHSBT for the
underlying rate of graft failure and patient mortality, data
from the ADMIRAD study for the proportion of patients
adherent to once-daily vs twice-daily tacrolimus formula-
tions, and data from Sellarés et al.9 for the relative risk of
graft failure and AbMR in non-adherent patients relative
to adherent patients. For instance, the Sellarés et al. data
are derived from patients between 6 days and 32 years after
transplantation, with a wide range of etiologies, while ran-
domization in the ADMIRAD study took place on average
3 years after the last renal transplantation (11% of patients
had received a second kidney transplant at baseline).

In the ADMIRAD study, which informed the decision
tree portion of the model dividing patients into adherent
and non-adherent, 219 patients who had previously been
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Figure 2. Projected state distribution in adherent vs non-adherent patients over time.
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on a twice-daily tacrolimus regimen for at least 3 months
were randomly assigned to either once-daily or twice-daily
tacrolimus and followed using an electronic drug monitor
for 6 months. The estimated proportion of patients
implementing the respective regimens was 88.2% with
once-daily vs 78.8% with twice-daily tacrolimus
(p¼ 0.0009). We consider the ADMIRAD study to repre-
sent the most robust available source of evidence regarding
adherence to post-transplant immunosuppression in renal
transplant recipients, but non-randomized, observational
data that corroborate the findings have been published
since the ADMIRAD study concluded34. Adherence stu-
dies in recipients of other solid organs also support the
finding of improved adherence with reduced pill burden.
For instance, Eberlin et al.35 reported the findings of a
12-month study of 63 liver transplant recipients converted
from twice-daily to once-daily tacrolimus after 6 months.
At the end of the conversion period, 3% of patients were
classified as non-compliant, compared with 10% immedi-
ately prior to conversion (p¼ 0.008). Similarly,

Beckebaum et al.36 published the findings of a conversion
study in 125 stable liver transplant recipients in which
patients were converted from twice-daily to once-daily
tacrolimus. Adherence was assessed using the Basel
Assessment of Adherence to Immunosuppressive
Medication (BAASIS) scale at 12 months, at which
point overall non-adherence had decreased significantly
from 66.4% at baseline to 30.9% (p50.0001).

A key focus of the sensitivity analyses was around the
costs associated with treatment of AbMR. A broad array of
treatment modalities have been used for AbMR targeting
B, T, and plasma cells, and the complement system37. The
Kidney Disease: Improving Global Outcomes (KDIGO)
Transplant Work Group clinical practice guidelines sug-
gest treating acute AbMR with one or more of plasma
exchange, IVIG, anti-CD20 antibody, or lymphocyte-
depleting antibody, with or without corticosteroids38.
However, the KDIGO group noted that the suggestion is
based on a low quality of evidence, and should not be
enacted in policy without debate and stakeholder
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Figure 3. Cumulative per-patient costs with Advagraf vs Prograf over 5 years.

Table 5. One-way sensitivity analysis results.

Advagraf (GBP) Prograf (GBP) Difference (GBP)

Base case 40,973.67 45,835.84 �4862.17
1-year time horizon 7878.86 8693.96 �815.10
3-year time horizon 23,932.89 26,684.06 �2751.17
3.5% discount rate 40,618.74 45,485.58 �4866.84
No difference in graft failure RR with non-adherence 37,503.92 39,602.04 �2098.13
‘Fair’ adherence graft failure RR from Pinsky et al.27 38,155.27 40,772.28 �2617.00
‘‘Poor’’ adherence graft failure RR from Pinsky et al.27 38,322.18 41,072.14 �2749.96
Adherence RR converted from Butler et al.28 odds ratio 39,782.95 43,696.58 �3913.63
No difference in the per-milligram cost of Advagraf and Prograf 42,548.32 45,835.84 �3287.52
No antibody-mediated rejection costs 34,155.21 38,821.64 �4666.42
Antibody-mediated rejection treatment with rituximab 42,528.32 47,435.12 �4906.80
Antibody-mediated rejection treatment with bortezomib 41,718.54 46,602.09 �4883.55
Antibody-mediated rejection treatment with eculizumab 45,763.27 50,762.94 �4999.67
Increased mortality with dialysis relative to transplant 40,512.26 45,265.44 �4753.18

GBP, pounds sterling; RR, relative risk.
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involvement. The base case analysis in the present study
used treatment assumptions based on the Edinburgh Renal
Unit, which recommends plasmapheresis, intravenous
immunoglobulin, and corticosteroids18. However, sensi-
tivity analyses showed that the addition of rituximab or
bortezomib to the base case treatment assumptions had a
relatively small effect on the absolute projected cost per
patient over 5 years.

One final potential shortcoming of the present analysis
centers around the range of clinical outcomes and resource
use captured. For instance, Pinsky et al.27 reported signifi-
cant variations in the incidence of mortality up to 3 years
after transplant across patients divided into quartiles by
first-year adherence to their immunosuppressive regimen.
Patient mortality in the ‘excellent’ adherence group was
3.0% compared with 5.4% in the ‘fair’ compliance group
(p50.0001). In the base case, the present analysis assumed
no difference in mortality either between Prograf and
Advagraf (in line with the findings of the Kraümer
et al.24 study on which the dosing assumptions were
based) or between adherent and non-adherent patients.
Budget impact analyses are not well-suited to demonstrat-
ing differences in terms of life expectancy, and any such
differences would be better evaluated in a cost-effective-
ness analysis, in which incremental costs are balanced with
incremental effectiveness outcomes (such as life expect-
ancy). Nevertheless, a single sensitivity analysis was
conducted in which patients in the dialysis state were at
increased risk of mortality relative to patients with a func-
tioning graft. The sensitivity analysis had only a relatively
small effect on the overall and incremental costs, owing
primarily to the modest proportion of patients on dialysis
and the relatively low baseline risk of mortality.

In terms of resource use, costs associated with the diag-
nosis of AbMR were not captured in the model.
Diagnosing AbMR is relatively resource intensive, requir-
ing histologic evidence of acute tissue injury, evidence of
antibody interaction with the vascular endothelium (such
as a peritubular C4d stain), and serologic evidence of
DSA6. However, while data are available on the sensitivity
and specificity of C4d staining as a predictor of micro-
vascular inflammation, we were unable to identify similar
data for the full AbMR diagnostic protocol39. In the
absence of these data, the model assumed that AbMR diag-
nosis costs would be the same, regardless of tacrolimus for-
mulation. While the omission of these costs should not
affect the projected cost difference between once- and
twice-daily tacrolimus, the absolute cost projections may
represent an under-estimate.

The present modeling analysis has demonstrated that
Advagraf would be cost-saving relative to Prograf in renal
transplant recipients in the UK setting, with cost savings
driven by reduced costs associated with dialysis, treatment
of AbMR, and primary immunosuppressive medication.
As previous studies have shown Advagraf to have a well-

characterized efficacy and safety profile in the prophylaxis
of graft rejection, this study provides evidence that it may
also result in substantial cost savings in the UK setting.
These findings, combined with the previously-reported
patient preference for once-daily over twice-daily
immunosuppressive medication40, suggest that Advagraf
is not only preferred by patients, but may also reduce the
incidence of AbMR in UK renal transplant recipients and
represent a clinically and economically prudent choice
for immunosuppression in renal transplant recipients in
the UK.
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Appendix 1

Transition matrix for adherent patients in year 1.

Subsequent state Current state

Functioning graft Functioning graft,
history of AbMR

Dialysis after
failed graft

Functioning graft 0.9845 0 0
Functioning graft, history of AbMR 0.0093 0.9938 0
Dialysis after failed graft 0.0062 0.0062 1

Journal of Medical Economics Volume 18, Number 12 December 2015

1058 Economic implications of antibody-mediated rejection Muduma et al. www.informahealthcare.com/jme ! 2015 Taylor & Francis



Appendix 2

Appendix 3

Appendix 4

Appendix 5

Transition matrix for non-adherent patients in year 1.

Subsequent state Current state

Functioning graft Functioning graft,
history of AbMR

Dialysis after
failed graft

Functioning graft 0.9440 0 0
Functioning graft, history of AbMR 0.0245 0.9685 0
Dialysis after failed graft 0.0315 0.0315 1

Transition matrix for adherent patients in year 2 onwards.

Subsequent state Current state

Functioning graft Functioning graft,
history of AbMR

Dialysis after
failed graft

Functioning graft 0.9885 0 0
Functioning graft, history of AbMR 0.0093 0.9978 0
Dialysis after failed graft 0.0022 0.0022 1

Transition matrix for non-adherent patients in year 2 onwards.

Subsequent state Current state

Functioning graft Functioning graft,
history of AbMR

Dialysis after
failed graft

Functioning graft 0.9642 0 0
Functioning graft, history of AbMR 0.0245 0.9887 0
Dialysis after failed graft 0.0113 0.0113 1

Monthly mortality transition probabilities by year since transplant.

Time since transplant (years) Monthly probability of death

1 0.00333
2 0.00083
3 0.00167
4 0.00167
5 0.00167
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