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Lifelong immunosuppression (IS) after liver transplantation is associated with severe adverse effects and increased recipi-
ents’ morbidity and mortality. Clinical operational tolerance has been reported in up to 40% in very well-selected recipients.
Longterm survival and cost savings within the Italian national health system in operational tolerant recipients is reported.
Seventy-five liver recipients were enrolled for IS withdrawal at our institution during the period from April 1998 to
December 2015. The study population comprised 32 (42.7%) tolerant patients; 41 (54.7%) nontolerant patients needing
uptake of IS after clinical or biopsy-proven rejection; and 2 (2.7%) immediate nontolerant patients who developed early
rejection after the first drug reduction. The primary endpoint of the study was to assess the longterm patients and graft
outcome; the secondary endpoint was the assessment of cost savings in the context of IS withdrawal. The follow-up was 95.0
months (interquartile range, 22.5-108.5 months). IS withdrawal did not result in patient nor graft loss and resulted in a
major cost savings reaching about €630,000. In conclusion, longterm IS withdrawal represents a remarkable cost savings in
the health care of liver recipients without exposing them to graft loss.
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Liver transplantation (LT) is the therapeutic gold
standard of acute and chronic end-stage liver dis-
eases.(!) Development of surgical techniques, clinical
management, and refinement of the immunosuppres-
sion (IS) schemes allow nowadays to obtain remark-
able results. However, lifelong IS is associated with

Abbreviations: BPAR, biopsy-proven acute rejection; CNI, calcineurin
inhibitor; COT, clinical operational tolerance; CsA, cyclosporine A;
DRG, diagnosis-related group; ECMPS, enteric-coated mycophenolate
sodium; EVR, everolimus; FPR, fibrosis progression rate; GFR,
glomerular  filtration rate; GGT, gamma-glutamyl transferase;
HBYV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D
virus; i-non-COT, immediate non—clinical operational tolerance;
IOR, interquartile range; 1S, immunosuppression; ISTAT, Italian
National Institute of Statistics; LT, liver transplantation; MDRD,
Modification of Diet in Renal Disease; MM, mycophenolate mofetil;
mTORi, mammalian target of rapamycin inhibitor; NODAT, new-
onset diabetes mellitus after transplant; non-COT, non—clinical
operational tolerance; QoL, quality of life; TAC, tacrolimus.

severe adverse events leading to major morbidity and
mortality.?) IS is indeed linked to a highly increased
risk for lethal infectious, cardiovascular, renal, met-
abolic, and oncologic complications.®> Therefore,
multiple strategies have been explored to reach clinical
operational tolerance (COT).® COT is the condition
whereby a LI retains function and lacks histological
signs of rejection in the absence of any IS.) Once
achieved, it may not only be beneficial in relation to
avoidance of the aforementioned complications®8-11)
but also for improved quality of life (QoL).®-1213) In
this scenario, another important corollary that is usu-
ally not taken into consideration is cost-optimization
policies. US studies showed that lifelong IS results in
an average yearly cost ranging from US $10,000 to
US $14,000.04

This report looks at the impact of IS withdrawal on
direct health cost savings in the Italian national health
system.
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’ 308 patients were screened }
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97 patients were excluded because

they received a transplant < 3 years >3 years

211 patients received a transplant

136 patients were excluded
Medical contraindications (80 patients)

* Autoimmune liver disease

+ Altered baseline liver function tests

* Pathological baseline liver biopsy

* History of rejection in the previous 12
months

Other reasons (56 patients)

* Denied to participate

*  Could not be closely followed up
* Had no IS side effects

75 patients were enrolled
Follow-up from LT 81.0 months (IQR, 63.5-143.0 months)

|

32 patients IS-free
(coT)
Follow-up from |S-free
78.5 months (IQR, 22.5-99.3 months)

(no-COT)

41 patients IS resumption

Follow-up from IS resumption
92.0 months (IQR, 14.5-102.0 months)

2 patients IS early resumption
(i-no-COT)
Follow-up from IS early resumption
13.5 months (IQR, 12.0-15.0 months)

FIG. 1. Screening and enrollment of IS withdrawal in the LT population.

Patients and Methods

Inclusion and exclusion criteria for the IS weaning ap-
proach have been previously well described.5® There
were 308 patients who were screened for potential en-
rollment. Out of these patients, 97 patients were ex-

cluded because they did not reach 3 years of follow-up
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from LT. Of the remaining 211 patients, 136 patients
did not fulfil the inclusion criteria because of medical
contraindications (n = 80) or for other reasons (n = 56;
Fig. 1).

There were 75 LT recipients (53 [70%] male) who
had a median age of 50.0 years (interquartile range
[IQR], 44.5-57.0 years) and who underwent LT at
University of Rome Tor Vergata during the period from
April 1998 to December 2015 (unpublished data).>)
Their median follow-up from LT was 193.0 months
(IQR, 143.0-241.0 months). Also, 32 (42.7%) patients
achieved COT following complete IS withdrawal; 41
(54.7%) patients had non—clinical operational toler-
ance (non-COT) as they developed a clinical and/or
biopsy-proven acute cellular rejection (BPAR) during
the tapering process needing resumption of IS. Finally,
2 (2.7%) patients developed clinical or BPAR after the
first drug reduction and needed immediate readjust-
ment of their IS (immediate non—clinical operational
tolerance [i-non-COTY).

Initial IS was based on calcineurin inhibitors (CNIs).
At the time of weaning, the IS regimen was as follows:
56 (74.7%) patients had CNI, 13 (17.3%) had myco-
phenolate mofetil (MMF), and 3 (4.0%) patients each
had mammalian target of rapamycin inhibitor (mTORi)
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and combined CNI or mTORi and MMF-based IS.
This study was approved by our local ethical committee
board. Authors declare no conflicts of interest.

STUDY ENDPOINTS

The primary endpoints of the study were the composite
endpoint comprising graft and patient loss, longterm
liver function, and BPAR. The secondary endpoint
was to identify the cost savings of such a strategy for
the Italian national health system. As the results of
the primary endpoints have already been reported pre-
viously, 10 this article focuses on the secondary eco-
nomic-related endpoint.

STUDY DESIGN

Primary Endpoint: Composite Survival and
Clinical Outcome

The longterm weaning of IS was assessed consider-
ing patient and graft status; liver tests; renal function;
lipid profile; glycemia; and the occurrence of BPAR.
All data were extracted from a prospectively collected
database and were retrospectively analyzed.

Secondary Endpoint: A Cost-Effectiveness
Calculation in the Context of IS Withdrawal

This cost evaluation took into consideration the cost
savings of IS minimization or withdrawal, the cost of
weaning protocol liver biopsies, and the cost of sup-
plementary protocol blood tests and outpatient visits.
All drug prices were recorded from the official site
of the Italian drug agency."® Data on the IS cost
before the start of weaning, during weaning, and for
each subsequent visit were adjusted for inflation using
the consumer price index for blue- and white-collar
worker households provided by the Italian National
Institute of Statistics (ISTAT).(® In particular, each
amount of money was converted to the 2015 currency
using annual coefficients of monetary re-evaluation.
Using this method is equivalent to using the percent-
age change in the consumer price index during the
studied period. From 2002 onward, final amounts were
obtained by computing the product of the original val-
ues and the described coefficients. For the period 1998-
2001, the original data were expressed in lira, being the
Italian currency until 2002; afterward, as suggested by
ISTAT, the re-evaluation coefficients were applied,
and the prices were converted to 2015 euros using the
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fixed currency rate of 1936.3 lira for €1. Notably, at
the time the empirical analysis was made, the official
statistics on 2016 annual consumer price index were
not available; hence, prices could not be converted to
the current currency. Still, we verified a posteriori that
in 2016, the percentage change in the consumer price
index from the previous year was —0.1%. Therefore,
we do not expect this minor variation to affect our
results.

IS Tapering—Related Cost. Since the start of the
weaning process until complete IS withdrawal (COT
group) or weaning stop (non-COT and i-non-COT),
the daily dose cost of each drug type, ie, cyclosporine
A (CsA; Sandimmun Neoral, Novartis, Basel,
Switzerland), tacrolimus (TAC; Advagraf or Prograf,
Astellas, Tokyo, Japan), everolimus (EVR; Certican,
Novartis), sirolimus (Rapamune, Pfizer, New York),
and MMF (CellCept, Roche, Basel, Switzerland,;
Myfortic, Novartis, Tokyo, Japan; and Myfenax,
Teva Petah Tigwa, Israel), and dose prescribed at
each outpatient visit were recorded and inflated
related to the current year (as stated previously). This
cost was multiplied for each patient by the number
of days elapsed between the start of weaning and
each outpatient (where the IS dose was progressively
reduced) until IS off (i.e. IS permanetly discontinued,
COT) or stop weaning (non-COT; Figs. 2 and 3).

COT IS Cost Savings. The cost of daily drugs
employed before the weaning start for each enrolled
patient was multiplied by the time (days) of IS off
stay. Namely, the saving evaluation was calculated
considering the cost of IS dose before the enrollment
since it represented the standard longterm dosage that
would otherwise have been given (lifelong).

Non-COT Patient IS Cost Savings. For the non-
COT group, the IS cost savings was evaluated based
on the difference, or A dose, between the daily dose of
IS before the start of weaning and the IS maintenance
daily dose after the resumption of the drug. Seven
patients switched to a different IS drug at the time
of IS resumption, so no cost benefit evaluation was
attempted.

I-Non-COT Patient IS Cost. The i-non-COT
patients (n = 2) showed liver test deterioration 1 week
after the drug reduction so that the IS resumption at
the preweaning start of the daily dose resulted in no
savings.
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>

% IS daily dose

100%
~ 83%
~ 67%
~ 50%
~ 33%

Cost Saving Cost Saving
€30,385.3 €627,567.2

Weaning timing

78.5 months (IQR, 22.5-99.3 months)

5.5 months (IOR, 3.0-8.3 months) |

Last

Start IS off
follow-up

weaning

% IS daily dose

Cost Saving . Cost Saving
€12,327.1 €72,7444

Weaning timing

92.0 months (IQR, 14.5-102.0 months)

5.0 months (IQR, 3.0-6.0 months) 2 months (IGR, 0-3.0 months)

Start 1S off Stop Last
weaning weaning follow-up

FIG. 2. Model of immunosuppressive drug management and cost-effectiveness in patients with cost savings. Continuous variables are
expressed as median and IQR; IS cost during tapering = ¥ ([IS daily dose cost] x [number of days between the start of weaning process
and complete IS withdrawal]); IS maintenance dose cost = ¥ ([daily cost of the lower IS dose at which no liver function test deterioration
was detected] x [number of days between weaning stop (non-COT) and the last follow-up]); A dose therapy = (IS preweaning start
daily dose) — (IS maintenance daily dose); cost savings = 3 ([IS pre-start weaning daily dose cost] x [number of days between the start
of weaning process and last follow-up]) — ([IS cost during tapering] + [IS maintenance dose cost]); A dose cost in non-COT patients
with postresumption dose 50% higher than the baseline = €53,969.1.

Liver Biopsy Cost. All patientsunderwentday-hospital The cost of each liver biopsy was evaluated according
liver protocol biopsies at the time of the enrollment, to the diagnosis-related group (DRG) classification
12 months after IS withdrawal (COT), and whenever = system of the Lazio area. This classification system
acute rejection was clinically suspected (non-COT). provides the principal means of reimbursing hospitals
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% 1S daily dose

Cost Saving
€6524.3

Weaning timing
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Cost Saving

€3132.0

Weaning timing

92.0 months (IQR, 14.5-102.0 months)

5.0 months (IQR, 3.0-6.0 months) 2.0 months (108, 0-3.0 months)
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Start 1S off Stop Last
weaning weaning follow-up

FIG. 3. Model of immunosuppressive drug management and cost-effectiveness in patients with no cost savings. Further explanation
is given in Fig. 2.
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for the acute inpatient. This payment system classifies recipients in this weaning project were not taken into
hospital cases into DRGs of patients with similar consideration as supplementary costs because they had
clinical characteristics and comparable costs, and it is  yearly routine liver biopsies to monitor HCV-disease
used to refund hospitals with a flat fee for each DRG  evolution.

that reflects the national average of treatment costs in
a same grouping care.1”) According to DRG, the cost
of a liver biopsy was €273.0 and €236.0 in 2009 and
2015, respectively. The costs of liver biopsies in the
group of 37 (49.3%) hepatitis C virus (HCV)—positive

Cost of Blood Tests and Outpatient Visits. Strict
follow-up of these patients is mandatory for early
diagnosis of rejection and eventual necessary
treatment. All patients were assessed every 4 weeks,
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and IS was gradually discontinued aiming at complete
withdrawal within 12 months from the beginning of
the IS withdrawal. The cost of each blood sampling
(including liver tests, renal function, lipid profile,
glycemia as well as blood trough levels of the
immunosuppressive drugs) and outpatient protocol
visit were collected because they represented an
additional financial burden. According to the DRG
system, the cost of blood tests changed from 2013
onward from €69.9 to €46.7; the outpatient protocol
visit costs increased from €12.9 to €26.9.

STATISTICAL ANALYSIS

Data were collected retrospectively from a prospec-
tive database (Microsoft Excel 2016, Microsoft
Corporation, Redmond, WA). The normal continuous
data were analyzed using a parametric test (Student #
test); categorical variables were evaluated according to

LIVER TRANSPLANTATION, September 2018

the nonparametric test (Fisher’s exact test). A P value
of <0.05 was considered significant.

Survival rates were calculated following Kaplan-
Meier. The program used for statistical analysis was

SPSS, version 13.0 (SPSS, Chicago, IL) for Mac.

Results
LONGTERM CLINICAL OUTCOME

Characteristics of the study population are displayed
in Table 1. The overall median follow-up from the
start of weaning was 95.0 months (IQR, 22.5-108.5
months). The overall composite survival rates in COT
and non-COT were 90.6% versus 86.0%, respectively
(log-rank, 0.5; Fig. 4). Among 43 (57.3%) patients who
had IS resumption (non-COT), 3 died due to recur-
rent HCV allograft disease at 3, 8, and 16 years after
LT, with 1 each dying of lung cancer, acute myocardial

TABLE 1. Characteristics of LT Patients Enrolled in Weaning Protocol

Variables Overall (n = 75) COT (n=32) Non-COT (n = 41) |-Non-COT (n=2) PValue
Age at LT, years 50.0 (44.5-57.0) 50.0 (45.8-56.0) 52.0 (43.0-57.0) 43.5 (42.3-44.8) 0.42
Age at weaning start, 61.0 (63.5-64.0) 62.0 (568.0-65.0) 58.0 (50.0-63.0) 53.5(50.8-56.3) 037
years
Sex, male 53(70.7) 24 (75.0) 28 (68.3) 1(50.0) 0.86
Indications to LT
Cirrhosis related to HCV 27 (36.0) 10 (31.3) 17 (41.5) 0(0.0) 0.59
Clrrhosis related to HBV 10 (13.3) 6 (18.8) 4(9.8) 0(0.0) 0.31
Hepofocellular 9(12.0) 6(18.8) 3(7.3) 0(0.0) 0.3]
carcinoma
Alcoholic cirrhosis 4(5.3) 3(9.4) 1(24) 0(0.0) 0.23
Cryptogenic cirrhosis 7(9.3) 5(15.6) 249 0(0.0) 0.31
Cirrhosis related to 8(10.7) 2(6.3) 6 (14.6) 0(0.0) 0.86
HBV-HDV-HCV
Cirrhosis related fo 2(27) 0(0.0) 2(4.9) 0(0.0) 0.35
HBV-HCV
Mixed etiology cirrhosis 2(2.7) 0(0.0) 1(2.4) 1 (50.0) 0.16
Fulminant hepatitis 3(4.0) 0(0.0) 3(7.3) 0(0.0) 0.59
Other diseases 3(4.0) 0(0.0) 249 1(50.0) 0.35
IS at weaning start
CsA 38 (50.7) 14 (43.8) 23 (56.1) 1(50.0) 0.83
TAC 18 (24.0) 5(15.6) 13 (31.7) 0(0.0) 0.25
EVR 3 4.0 1(3.1) 249 0(0.0) 0.16
ECMPS 13 (17.3) 12 (37.5) 1(24) 0(0.0) 0.75
TAC-ECMPS 227) 0(0.0) 249) 0(0.0) 0.35
EVR-ECMPS 1(139) 0(0.0) 0(0.0) 1(500) 0.34

NOTE: Data are given as n (%) and median (IQR).
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FIG. 4. Composite survival of the protocol IS-weaned patients versus those who required IS resumption.

infarction, and pancreatitis. Of the 32 COT recipi-
ents, 1 died from recurrent HCV allograft disease (12
years after LT and 5 years after complete withdrawal
of IS), 1 each died due to heart failure and heart and
end-stage renal failure. Participation with the weaning
off protocol did not result in any patient or graft loss.

As previously stated, all patients underwent liver
protocol biopsies at the start of weaning, at 1 year
after IS withdrawal (COT), or at weaning stop (non-
COT). Further biopsies were taken throughout the
study as a local policy (out of COT protocol) in order
to investigate any change in inflammation or fibrosis
score or to detect any subclinical rejection. At the last
biopsy available, none of COT or non-COT recipients
showed signs of acute or chronic rejection. All histo-
logical findings are reported in Tables 2 and 3.

At last follow-up, out of non-COT recipients, 26
(60.5%) experienced arterial hypertension (defined as
systolic blood pressure >140 mm Hg and/or diastolic
blood pressure >90 mm Hg under at least 2 antihy-
pertensive drugs); 24 (55.8%) were on insulin and/or
oral hypoglycemic agents due to new-onset diabetes
mellitus after transplant (NODAT). No difference in
terms of liver and renal function were seen between the
COT and non-COT group at last available follow-up
(Table 4).

TABLE 2. COT Group (n =32): Liver Histological Findings
1 Year After

Variables Baseline IS Off Last Follow-up P Values

Number of 32 32 25 —
biopsies
Grading 1.0 (1.0-4.0) (12.[.](2_)40) 1.5 (1.0-4.0) 0.40
Staging 1.0 (1.0-2.0) 1.0_ 1.0 (1.0-2.0) 0.83
(1.0-1.5)

Yearly FPR — — 0 _
BPAR None None None —

NOTE: Data are given as median (IQR).

Median follow-up (IQR), 77.0 (34.0-88.0) months.

In 7/32 (22%) LT recipients, the last biopsy available overlapped
with those of 1 year after IS off.

IS COST-EFFECTIVENESS
COT Recipients

The overall cost of IS during the discontinuation time
(median time, 5.5 months; IQR, 3.0-8.3 months) was
€19,291.9 instead of €49,677.2 (corresponding to the
cost of IS for a period 5.5 months) resulting in a sav-
ings of €30,385.3. The IS cost savings from IS off until
last clinical follow-up (median follow-up from IS off,
78.5 months; IQR, 22.8-99.3 months) was €627,567.2
(€95,933.8 per year; Fig. 2A).

ORIGINAL ARTICLE | 1205



MANZIAET AL. LIVER TRANSPLANTATION, September 2018
TABLE 3. Non-COT Group (n = 41): Liver Histological Findings
Variables Baseline IS-Resumption Last Follow-up PValue
Number of biopsies 41 41 33 —
Grading 2.0(1.0-4.0) 3.0(3.0-5.0) 3.0 (1.5-4.0) 0.88
Staging 1.0 (1.0-2.0) 1.0 (1.0-2.0) 3.0 (1.0-3.5) 0.01
Yearly FPR — — 0.3 —
Severity of BPAR
Mild None 4(9.8) None —
Moderate None 7(17.7) None —
Severe None 1(2.4) None —

NOTE: Data are given as n (%) and median (IQR).
Median follow-up (IQR), 92.0 (14.5-102.0) months.

In 8/41 (19%) recipients, the last biopsy available overlapped with those of 1 year after IS off.

TABLE 4. IS Weaning for LT Patients: Outcome at 95
Months Follow-Up

Variables at Last

Follow-up cot Non-COT PValue
AST, UL 225(200333) 320200515 016
ALT, UL 365(238-490) 360 (235605  0.34
GOT, IUL 115(220-665) 580(3681953) 008
Tofal bilirubin, mg/dl 0.8 (0.5-1.0) 07(0613) 066
GFR(MDRD). ML/ 593 503.670) 566 (@484747)  0.85

minute/1.73 m2

NOTE: Data are given as median (IQR).
Non-COT group includes all LT recipients who required IS re-
sumption (namely, i-non COT + non-COT).

There were 36 protocol liver biopsies performed,
representing a cost of €9162.0 ([€273.0 x 18 liver
biopsies performed] + [€236.0 x 18 liver biopsies
performed]). The cost of blood tests including serum
biochemistry and immunosuppressant blood trough
levels during the study period as well as the cost of the
increased number of outpatient visits was €24,600.2.
This amount included 157 protocol visits performed
during IS tapering ([€82.8 x 137 visits] [before 2013]
+ [€73.6 x 20 visits] [2013 onward]) and 179 ones
since IS off ([€66.6 x 161 visits] [before 2013] +
[€59.0 x 18 visits] [2013 onward]; these amounts did
not take into account the drug level tests since IS was

stopped).

Non-COT Recipients

As previously stated, a cost-saving evaluation could
be performed only for 34 (82.9%) of 41 patients
since 7 patients switched IS therapy at the time of IS
resumption.
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The IS decreasing-related cost from the start of
weaning up to its stop was €21,306.0 resulting in a cost
savings of €21,982.9.

The IS resumption resulted in a cost savings of
€31,984.9 (total amount of €4171.9/year); the IS main-
tenance dose cost was €609,020. The cost of 50 proto-
col liver biopsies summed up to a cost of €13,021.0
([€273.0 x 33 performed liver biopsies] + [€236.0 x
17 performed liver biopsies]). Protocol blood tests
and outpatient visits, consisting of 148 visits required
during IS tapering ([€82.8 x 106 visits] + [€73.6 x 42
visits]) and 139 after stopping the weaning process
([€82.8 x 100 visits] + [€73.6 x 39 visits]) amounted
to €23,018.4.

In 16 (47.1%) recipients, the IS resumption dose
was 33% lower than the dose given before IS weaning
was attempted (Fig. 2B), 10 (29.4%) returned at the
same dose (Fig. 3A), and 8 (23.5%) at 50% higher than
baseline (Fig. 3B).

I-Non-COT Recipients

Two patients presented clinical signs of rejection im-
mediately after the first IS reduction, so no cost sav-
ings could be observed since IS was resumed at the
preweaning daily drug dose. The amount of 3 liver
biopsies was €708.0 (€236.0 per biopsy). The cost of
blood tests and outpatient visits was €662.7; 2 protocol
visits were performed at the attempt of weaning and 7
after the IS uptake.

Screening protocol liver biopsies were taken in
119/308 patients. The cost of screening patients who
were ultimately not eligible to undergo IS weaning
was €10,532.0 ([€273.0 x 4 performed liver biopsies]
+ [€236.0 x 40 performed liver biopsies]).
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Discussion

The cost of medical care, including drug manage-
ment and hospitalization, nowadays represents a major
point of interest for health care managers and clini-
cians. The purpose is to give the best patient care at
the lowest possible cost, considering thereby the safety
on longterm survival.

Ten-year graft and patient survival after L'T" reaches
54% and 61%, respectively.1®) Hypertension, diabe-
tes, hyperlipidemia, cardiovascular diseases, infections,
renal failure, and de novo malignancy contribute to
longterm morbidity in patients taking IS. We believe
that in order to improve longterm outcome and QoL,1¥
minimization or even discontinuation of IS should be
always considered.(®1%20)

In 2006, the Tor Vergata Transplant Unit reported
the results of IS withdrawal in 34 longterm HCV-
positive liver recipients. Complete IS withdrawal was
obtained in 23.4% of patients. After 4 years of fol-
low-up, COT patients showed a stabilization of their
histological fibrosis and liver tests as well as reduced
necroinflammation. NODAT was seen in 50% of non-
COT patients, and infectious disease or cardiovascular
disorders in 63% of them.®) The beneficial effects of the
IS-free state in terms of fibrosis progression, NODAT,
infection, and cardiovascular disease were confirmed
after 10 years.1% In 2013, the European Consortium
of Transplant Tolerance identified longterm follow-up
after L'T" and older age at LT as the clinical predictors
of successful IS withdrawal, obtaining an IS-free rate in
almost 40% of these highly selected recipients.’®

Recently, an ongoing US trial reported the early
results of 275 adult liver recipients who tried early
discontinuation of IS therapy 12-24 months after L'T.
The authors showed that minimization was mostly
well tolerated, although complete weaning could only
be achieved in 13% of them.?!)

The lifelong IS therapy in transplantation represents
an important health cost. Even if the cost of longterm
IS has not been well established, it is estimated that the
cost covering the first 180 post-LT" days encompasses
over US $25,000.(22)

The Gordon et al. report revealed that the impact
of IS expenses is responsible for the financial strain in
almost one-third of transplanted patients and that more
than 30% reported that the IS-related expenses had a
great adverse impact on their lives. Recipients indeed
faced difficulties in affording their daily life necessities,
and they had to look at cost-cutting methods, such as
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buying generic instead of name brands, cutting hob-
bies, or avoiding restaurant visits, and so on.?® This
study suggests that IS therapy indeed negatively influ-
ences the lifestyle of the recipient due to costs itself.

It is obvious that one should also take into consid-
eration not only IS costs itself, but also their adverse
events. The incidence of NODAT reaches 20% of liver
recipients and 50% of kidney recipients.?*#2) In this con-
text particularly, corticosteroids and CNI therapy play a
considerable role.2526) Furthermore, diabetes itself is a
risk factor for developing complications such as hyper-
tension, metabolic syndrome, and cardiovascular disease;
all of them further increase costs and influence longterm
patient and graft survival rates.?”) In Italy, the average
yearly patient cost of diabetes is about €2300. This num-
ber further increases when complications occurred.?82%)

De novo tumor formation is raised by a factor of 2-4
compared with the general population.3%31 Skin can-
cer, posttransplant lymphoproliferative disorder, and
solid organ tumors®? still represent a great longterm
challenge both in terms of recovery and costs.(333%
Again, IS minimization or withdrawal may help to
reduce adverse events occurrences and thus costs.

This study showed that approximately 43% of
well-selected LT recipients can complete and per-
manently discontinue IS and that almost half of the
patients who required IS resumption received a lower
dose (33.3%) than before the weaning attempt (ie,
IS-minimized recipients).

In this scenario, IS weaning represented a €711,992.3
cost savings versus an expense of €80,333.6 (screening/
protocol liver biopsies and blood samplings) required
to achieve COT. This resulted in a cost savings of more
than €630,000 in a median period of 8 years. Thus, we
can argue that, in order to be economically favorable,
the minimum success rate for drug withdrawal should
be approximately 10% in order to reach a cost savings
of at least €80,000.

Although not investigated in the current study,
we believe IS reduction decreases costs by reduc-
ing IS-related complications!” both in COT and
IS-minimized patients.

Our study presents the tolerance follow-up results
of the longest reported clinical operation liver recipient
group, and it is the first study to address the economic
impact of longterm IS withdrawal. IS-free status
resulted in a 10-year composite survival rate of 90.6%
(versus 61% reported by the European Liver Transplant
Registry).('® Even if IS is not the only modifiable vari-
able that can lead to the improvement of longterm
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outcome after LT, we argue that longterm IS minimi-
zation or withdrawal will be the main postoperative
variable that could improve the results of LT and this

even at a lower cost.
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