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Introduction

Since the introduction of Cyclosporine

patients undergoing orthotopic

liver

Summary

The use of sirolimus (SRL) in orthotopic liver transplantation (OLT) has been
controversial after experimental data suggested an increased risk of hepatic
artery thrombosis (HAT). To assess the safety and efficacy of SRL as de novo
immunosuppression in OLT recipients. Outcomes of 252 OLT patients who
received SRL were compared with outcomes of 291 OLT recipients who
received calcineurin inhibitor in a retrospective study. Primary outcomes of
this study were: patient- and graft survivals, vascular, biliary, wound complica-
tions and rejection rates. Secondary outcomes were: postoperative infection
rate, bone marrow and renal function and changes of lipid levels. Patient- and
graft survivals, rejection and infection rates were similar. In the SRL group,
HAT occurred in 1.2%, biliary complications in 19.4%, and incisional hernias
in 9.1%. In the control group the incidence of HAT was 5.8% (P = 0.004), bil-
iary complications 18.5% (P = NS) and incisional hernias 7.2% (P = NS).
Patients on SRL experienced significantly higher levels of serum triglycerides
but fewer acute cellular rejections. Bone marrow and renal functions were
similar in both the groups. Our findings would suggest that SRL is safe and
effective for very selected OLT recipients. Randomized controlled trials are
necessary to confirm our results.

is an attractive drug for patients with renal impairment
or for individuals who are intolerant to calcineurin
inhibitors (CNIs) [8-10]. Despite the initial optimism,
the preliminary results of a multicentric phase II trial

(CyA) [1],
transplantation

(OLT) have achieved 5-year survival rates between 70 and
85% [2] and a long life-expectancy with consequent risk
of developing long-term side-effects of immunosuppres-
sion medications [3-5]. The introduction of more recent
compounds such as tacrolimus (TAC), mycophenolate
mofetil (MMF), and sirolimus (SRL), has allowed physi-
cians to choose from a larger number of medications
and tailor the immunosuppression drugs to minimize
their side-effects. Nevertheless, none of the immunosup-
pressive protocols has shown clear advantages over others
[6,7]. SRL has no effect on calcineurin, and therefore it
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showed an increased incidence of hepatic artery throm-
bosis (HAT), graft loss and inferior survival rate in the
SRL arm that led the Food and Drug Administration
(FDA) to place a black box label on SRL for OLT recipi-
ents [6,11-13]. Consequently, experience with SRL in
OLT has been very limited and there is a modest body
of literature on its effectiveness and safety in this setting.
The aim of this study was to analyse the outcomes of a
large cohort of patients (n = 252) who received SRL as
the primary immunosuppressant medication in two uni-
versity hospitals. Primary and secondary outcomes were
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compared with a cohort of OLT recipients who received
an OLT and were treated with CNI during a similar time
interval.

Patients and methods

Study design

A retrospective study on the effectiveness and safety of
the use of SRL in adult OLT recipients was performed by
comparing two cohorts of patients undergoing OLT at
the University of Alberta (December 1996-December
2003) and at the University of Colorado (February 1998
and May 2002). One cohort (n = 252) received de novo

Sirolimus patients

University of University of
Alberta: Colorado:

N. patients: 112 N. patients: 140
I I
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SRL and another cohort (n = 291) received CNI immu-
nosuppression during the same period (Fig. 1). Ethics
review committees of the two participating centers
approved this study. At the University of Alberta, written
informed consent was obtained from each participant
receiving SRL after the issuance by FDA of a ‘black box’
warning and at both centers, no patients refused SRL
therapy when recommended by their caregivers.

Primary and secondary outcomes of this study

Primary outcomes of this study were the following: (i)
5-year patient survival rate, (ii) 5-year graft survival rate,

Control patients

University of
Alberta:
N. patients: 111

University of
Colorado:
N. patients: 180

252 patients underwent a
total of 259 liver transplants

12 patients were excluded from
the analysis of long term
outcomes for at least one of the
following reasons:

1) Missing data: 1 patient

2) Duration of Sirolimus therapy
less than 6 months: 4 patients
3) Redo liver transplantation: 8
patients (3 patients for HAT; 4
patients for primary graft non
function: among them 1 patient

CNI immunosuppression was
used after the second liver

252 patients were included for the
analysis of the following outcomes:
1) Graft and patient survival rate
2) Vascular complications

3) Wound and biliary complications
4) Infection and rejection rates.

240 patients were included for the
analysis of the impact of SRL on:
1) Bone marrow function

2) Renal function

3) Lipid profile

had acute portal vein thrombosis).

291 patients urJderwent a
total of 309 liver transplants

291 patients were included in the
final analysis of the following
outcomes:

1) Hepatic artery thrombosis

2) Wound and biliary complications

111 patients from the University of
Alberta were included for the
analysis of the following
outcomes:

1) Graft and patient survival rate
2) Infection and rejection rates

108 patients from the University of
Alberta were included for the
analysis of the following
outcomes:

1) Bone marrow function

2) Renal function

3) Lipid profile

Among the 111 patients
transplanted at the
University of Alberta, 3
individuals were excluded
from the analysis of long
term outcomes for the
following reasons:

1) Redo liver transplantation
(2 Patients for HAT; 1 patient
for primary graft non
function). CNI
immunosuppression was
used after the second liver
transplant

Figure 1 Flow diagram of the study population treated with sirolimus and the control group. From December 1996 until December 2003, a total
of 252 patients underwent 259 cadaveric liver transplants at the University of Alberta and at the University of Colorado medical centers with sirol-
imus therapy used as primary immunosuppression. Twelve patients were excluded from the final analysis of long-term complications of sirolimus
because of the duration of sirolimus therapy was less than 6 months, because of retransplantation or missing data. The control group consisted
of 291 patients who underwent 294 cadaveric liver transplants at the University of Alberta from January 1997 until December 2002 and at the
University of Colorado from January 1997 until December 1999. Among the control group, patient- and graft survival analysis and evaluation of
long-term outcomes were possible only for the cohort of patients transplanted at the University of Alberta as data from the University of Colorado

were not available.
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(iii) graft rejection rates, (iv) incidence of vascular throm-
botic events, (v) incidence of biliary complications and
(vi) incidence of wound complications.

Similarly, statistical analysis was carried out to assess
any differences for the following secondary endpoints: (i)
the rate of postoperative infections, (ii) long-term bone
marrow function, (iii) long-term renal function measured
by variation of serum creatinine, and (iv) serum lipid
levels.

Sirolimus-based immunosuppression protocol

All 252 adult patients received SRL during the first 24 h
after surgery. At the University of Alberta, 112 individuals
received SRL in addition to reduced dosages of CNI
(TAC or CyA). The administration of intravenous steroid
(Solumedrol 500 mg) was used for induction immuno-
suppression and substituted by interleukin 2 receptor
antagonists (daclizumab 1 mg/kg IV on days 0 and 5)
during the last 3 years of this study. The oral dose of SRL
was adjusted to keep the blood levels in the range of 10—
15 ng/ml during the first 3-6 months and then in the
range of 5-10 ng afterwards. CNI and steroids immuno-
suppressive regimen were tapered off completely by the
end of 3—-6 months.

At the University of Colorado, a total of 140 consecu-
tive patients undergoing OLT received SRL (6 mg on day
0 followed by 2 mg/day) in addition to a 3-day course of
corticosteroid and CNI. Among them, three (2.1%)
patients received a graft from a living donor.

Primary indications for the use of sirolimus

At Denver, SRL-based immunosuppression was mainly
used for recipients with renal dysfunction or intolerance
to CNI. At the University of Alberta, SRL was prescribed
routinely for patients with hepatocellular carcinoma
(HCC) and for a cohort of 57 consecutive adults trans-
planted between July 2000 and October 2001 who were
enrolled in a pilot study to evaluate the effectiveness and
safety of de novo SRL therapy.

Inclusion and exclusion criteria for patients on sirolimus

The inclusion criteria for patients on SRL were the fol-
lowing: adult age, SRL therapy started in the first 24 h
after undergoing OLT, SRL therapy continued for at least
six continuous months.

On the other hand, patients under the age of 18, indi-
viduals who were enrolled in clinical trials that did not
allow the use of SRL and recipients of living donor grafts
(only at the University of Alberta Hospital) were excluded
from this study. In addition, 12 patients were excluded
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from the analysis of long-term outcomes for at least one
of the following other reasons:

1 missing data: one patient

2 duration of sirolimus therapy less than 6 months: four
patients

3 redo liver transplantation: eight patients (three patients
for HAT; four patients for primary graft nonfunction:
among them one patient had acute portal vein thrombo-
sis). CNI immunosuppression was used after all these
patients underwent a second OLT.

CNI-based immunosuppression protocol

At both transplant centers, a total of 291 individuals were
enrolled in the control group and received oral CNI
immunosuppression.

At the University of Alberta, 111 patients received CNI
immunosuppression: 13 (11.7%) patients who were trans-
planted during the period between 1996 and 1999
received CyA (blood trough level kept in the range of
150-200 ng/ml) while the remaining 99 patients (89.1%)
were transplanted between 2000 and 2003 and received
TAC (blood trough level kept in the range of 3-6 ng/ml).
Induction was effected by intravenous steroids (Solu-
medrol, 500 mg), with rapid postoperative tapering to
20 mg/day of prednisone by day 5 and complete discon-
tinuation by month 3 as tolerated.

At the University of Colorado, a total of 180 patients
received CNI-based immunosuppression. During the per-
iod between 1998 and 2002, CyA and TAC were used with
equal frequency according to individual clinician’s prefer-
ence. After 2002, CyA was discontinued altogether as a
change in practice at that center. As a consequence, 79
(43.8%) individuals were treated with CyA (blood trough
level kept in the range of 200-250 ng for month I,
175-200 ng for month 2 and 150 ng thereafter) and 101
(56.1%) with TAC (blood trough level kept in the range of
10-15 ng/ml for month 1, 8-12 ng/ml for month 2 and
5-8 ng/ml thereafter) plus 14-day corticosteroid taper with
or without mycophenolate mofetil [14]. Among them, two
participants (1.1%) received grafts from living donors.

Inclusion and exclusion criteria for patients
in the control group

The inclusion criteria for patients on CNI were the fol-
lowing: adult age, CNI therapy started in the first 24 h
after undergoing OLT, CNI therapy continued for at least
six continuous months.

On the other hand, patients under the age of 18 were
excluded from this study. In addition, among the 111
patients transplanted at the University of Alberta, three
individuals were excluded from the analysis of long-term
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outcomes as they underwent a second OLT: two patients
for HAT and one patient for primary graft nonfunction.

Supplemental drug therapies used for both cohorts
during the study period

At both transplant centers, supplemental drugs were simi-
larly used to prevent well-known infections and cardio-
vascular complications typical for immunosuppressed
patients.  Oral  Trimethoprim-sulfamethoxazole  was
administered (80 mg/400 mg three times a week) up to
3 months as prophylaxis for Pneumocystis carinii infection
[15]. Prophylaxis with oral ganciclovir was continued up
to 6 weeks for patients who were cytomegalovirus (CMV)
IgG negative prior to transplant and who received an
organ from a CMV IgG positive donor [16]. The use of
antihypertensive medications, lipid-lowering drugs, insu-
lin and oral hypoglycemic agents, among all the other
medications, were prescribed according to established
guidelines by the American Heart Association (AHA) and
American College of Cardiology (ACC) [17].

Data collection

Two independent investigators extracted data from digital
or paper files and entered in a computerized database.
Less than 5% of data was missing. MELD scores were cal-
culated retrospectively for each patient at the time of
transplantation as this study enrolled the majority of
patients prior to the use of MELD for organ allocation
[18]. After cross analysis of the data, all the discrepancies
were verified from the original documents and random
quality of data entry was performed until no further recti-
fications were necessary.

Data collected during the first 12 months after OLT

Perioperative wound complications and infections were
classified as early (<6 months) and late (>6 months) after
OLT. Body fluid cultures were obtained on clinical suspi-
cion and no protocol cultures were performed in asymp-
tomatic recipients.

Data collected during the 5-year period after OLT

Vascular complications, biliary ducts anastomotic compli-
cations, incisional hernias, rejections, graft and patient
survival rate were collected for the entire 5-year period of
follow-up. Blood trough levels of SRL [19], TAC, and
CyA, transaminases (AST, ALT, Total Bilirubin, ALP,
LDH), serum creatinine, bone marrow function tests
(white blood cell count (WBC), platelet count and
hematocrit) and lipid profiles (serum cholestertol and

Molinari et al.

triglycerides levels) were analysed at 1 month, 6 months,
12 months and then yearly until 5 years after OLT.

Definitions

Outcome definitions of this study have been previously
reported in the literature as they are frequent events in
critically ill patients:

Blood infections: Presence of two positive distinctive
cultures or a positive culture from the tip of central
venous catheters associated with one positive blood cul-
ture [20].

Urinary tract infections: Presence of more than 10° col-
ony forming units (CFU) in the urine samples of symp-
tomatic patients [21].

Pulmonary infections: Presence of at least two of the fol-
lowing findings: (i) positive sputum culture, (ii) gram
stain with dominant organism and presence of many
polymorphonuclear leukocytes in the sample obtained by
suctioning of the respiratory tract or by sputum, or (iii)
presence of radiologic infiltrate on chest radiograms or
CT scans [22].

Cytomegalovirus infections (CMV): Presence of CMV
immunoglobulin M antibodies in the blood or viral inclu-
sion bodies on liver biopsy specimens. CMV-DNA levels
were measured in all such patients to confirm the diagno-
sis. Immunohistochemical staining was performed on sus-
picious biopsy specimens [23].

Vascular complications: Presence of at least one of the
following findings diagnosed by imaging tests or during
exploratory laparotomy: (i) hepatic artery thrombosis, (ii)
portal vein thrombosis, (iii) critical stenosis of hepatic
artery resulting in graft ischemia, (iv) hepatic artery
pseudo-aneurysm or rupture or (v) any combination of
the above conditions [24].

Biliary complications: Presence of at least one of the
following findings diagnosed by imaging tests or during
exploratory laparotomy: (i) biliary duct stricture at the
anastomotic site or in any of the intra- and extra-hepatic
bile ducts, (ii) bile extravasation resulting from an inter-
ruption of continuity of the intra- or extra-hepatic bile
ducts, (iii) circumscribed collection of bile in the perito-
neal cavity (biloma), (iv) intra-abdominal abscess caused
by superinfection of bile collecting outside the biliary
tree and (v) any combination of the above conditions
[25].

Wound  complications: 'Wound
defined by any of the following: (i) superficial abscess or
fluid collection requiring drainage by opening of the
incision, (ii) presence of infected tissue necrosis along
the incision, (iii) skin or subcutaneous tissue dehiscence
along the incision in the presence of positive cultures or
gram stains obtained from the incision or (iv), skin and

complications were

© 2009 The Authors
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subcutaneous tissue infection with fascial dehiscence
[26].

Graft rejection: Rejections were diagnosed by liver
biopsy or by liver functions tests elevation (two or more
times the normal serum range) in the absence of other
causes graft dysfunction with normalization of their val-
ues after at least one of the following interventions:

1 increased dose of established immunosuppression regi-
men,

2 pulse steroid treatment or

3 anti-leukocyte antibody infusion therapy.

Investigations used for the diagnosis of vascular
and biliary complications

Suspected vascular or biliary complications (most com-
monly evidenced by rising liver function tests) were eval-
uated by Doppler ultrasound of the liver graft as a first
imaging test when clinically indicated; no protocol imag-
ing studies were performed at either transplant center for
the investigation of asymptomatic patients for potential
biliary or vascular adverse events. Triphasic contrast com-
puterized tomography (CT scan) or magnetic resonance
imaging/magnetic resonance cholangio-pancreatography
(MRI/MRCP), angiography, nuclear scintigraphy scans/
hydroxyiminodiacetic acid (HIDA) scan, and endoscopic
retrograde cholangiography (ERC) or percutaneous
transhepatic cholangiography (PTC) were obtained when-
ever appropriate if the Doppler ultrasound test was
abnormal.

Table 1. Demographic and clinical characteristics of the study population.

Outcome analysis of de novo sirolimus in liver transplantation

Statistical analysis

Student’s t-test was used for statistical analysis of contin-
uous variables and analysis was performed by
chi-squared test for binary data or Fisher’s exact test
when appropriate. Kaplan—-Meier technique was used for
survival analysis and the log-rank test was used to assess
differences between the two groups. All P values were
two-sided and considered statistically significant when
less than 0.05.

Results

Subjects

Demographic and clinical characteristics were comparable
between the two groups except for the median follow-up
that was longer for recipients treated with CNI immun-
osupression as SRL had been used more frequently in the
later period of this study (3.9 years vs. 7.1 years;
P =0.001) and for the fact that HCC was more fre-
quently observed in the group of patients on SRL (10.4%
vs. 0.3%; P = 0.003). On the other hand, autoimmune
disease was more prevalent in the cohort of patients on
CNI immunosuppression (8.5% vs. 0%; P = 0.002)
(Table 1). All the patients on CNI therapy remained on
CNI-based immunosuppression regimen while patients
started on SRL after OLT continued to be on the same
immunosuppressive regime in 70.5% at 1 year, 61.6% at
2 years, 66.7% at 3 years, 62.2% at 4 years and 69.3% at
5 years.

Variable Sirolimus group (n = 252) Control group (n = 291) P value
Age, years (mean, SD) 49.2 (£10.3) 48.5 (£11.5) NS
Follow-up period of the cohort, in years (mean, SD) 3.9 (+0.96) 7.1 (£3.8) P =0.001
Gender
Males, n (%) 167 (66) 170 (59) NS
Females, n (%) 85 (34) 121 (41) NS
MELD score at the time of transplantation (mean, SD) 15.6 (+4) 15.9 (£11) NS
Living donor graft recipients, n (%) 3(1.2) 2 (0.6) NS
Primary indication for transplantation, n (%)
HCV (22 patients had HCC in addition to HCV induced liver failure) 62 (24.6) 61 (20.9) NS
HCV and ETOH 39 (15.4) 34 (11.6) NS
ETOH 31(12.3) 36 (12.3) NS
PSC 30 (11.9) 37 (12.7) NS
HCC 29 (11.5) 1(0.3) 0.003
PBC 22 (8.7) 14 (4.8) NS
Cryptogenic 12 (4.7) 16 (5.4) NS
HBV - 8(2.7) NS
Fulminant hepatic failure - 9(3) NS
Autoimmune - 25 (8.5) 0.002
Other causes 10.7 (27) 50 (17.1) NS

HCV, hepatitis C Virus; ETOH, alcoholic cirrhosis; PSC, primary sclerosing cholangitis; PBC, primary biliary cirrhosis.

© 2009 The Authors
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Primary endpoints of the study

Patient survival rate

No statistical difference was seen in patients’ and grafts’
survival between the two groups. As represented in Fig. 2,
patient survival rates between SRL and CNI group were:
95% vs. 94% at 6 months, 92% vs. 91% at 12 months,
86% vs. 83% at 3 years and 84% vs. 81% at 5 years.

Graft survival rate

Long-term graft survival rate was similar in the two
groups as no grafts were lost because of acute or chronic
rejection in either cohort. Acute HAT requiring retrans-
plantation was more frequently observed in patients on
CNI-based immunosuppression regimen (5.8% vs. 1.2%;
P = 0.004) and only one patient underwent retransplanta-
tion for primary graft nonfunction in each group
(P =NS).

Survival Analysis

Q|
—— Sirolimus

>
2
28 RR = 1.11SE = 0.414 P-value = 0.77
s
T <
S o
o
[
oo

o

=3

= T T T T

0 20 40 60 80

Months after liver transplantation

Figure 2 Kaplan-Meier actuarial survival curve of the two cohorts of
patients: no statistical difference in the survival probability was
observed between the group on SRL-based immunosuppression and
the control.

Molinari et al.

Rejection episodes

Within the first year after OLT, 46.7% of patients on
SRL experienced at least one episode of acute cellular
rejection in comparison to 56.6% of the control group
(P =0.003; Table 2). Although no grafts were lost
because of rejection in either group, there was a statisti-
cal difference between the two cohorts as the average
number of episodes of acute cellular rejection per
patient were higher in the CNI group (0.5 vs. 0.7;
P =0.001).

Vascular complications

The overall incidence of vascular complications (5.5% vs.
9.2%) was similar in the two groups while HAT was
observed more frequently in patients on CNI (5.8% vs.
1.2%; P = 0.004) (Table 3). All the subjects who devel-
oped HAT underwent re-transplantation and survived.
Among all the 252 patients in the SRL group, portal vein
thrombosis (PVT) occurred in two recipients (0.8%).
One individual was managed conservatively by anticoagu-
lation therapy while the second patient required retrans-
plantation. Among patients in the SRL group, minor
pulmonary embolism occurred in four subjects (1.5%)
and were treated with systemic anticoagulation, one hepa-
tic artery pseudo-aneurysm required surgical repair
(0.4%) and one portal vein stenosis was successfully
dilated by percutaneous angioplasty. No statistical differ-
ence between the two groups was shown for these adverse

vascular events.

Wound complications

There was no difference in the overall incidence of wound
complications between the SRL (15%) and CNI group
(11.6%) as reported in Table 3. Severe perioperative
wound infections requiring debridement in the surgical
theater were observed in 14 individuals (5.5%) in the SRL

Table 2. Summary of all episodes of acute cellular rejection occurring during the first year after liver transplantation.

Variable

Sirolimus group (ratio, %) CNI group (ratio, %) P value

Rejection episodes during the first postoperative year
Total number of patient alive at 1 year

Percentage of patients who developed acute cellular rejection in the first year after OLT 102/218 (46.7)

Average number of episodes of acute cellular rejection per patient
Patients with biopsy proven rejection (percentage, number of patients)

Patients with rejection clinically diagnosed (percentage, number of patients)
Patients with only one episode of rejection (percentage, number of patients)
Patients with two episodes of rejection (percentage, number of patients)

Patients with more than two episodes of rejection (percentage, number of patients)
Patients with steroid-resistant rejection (percentage, number of patients)

Graft lost because of rejection (percentage, number of patients)

218/240 (90.8) 95/111 (85.6) NS
56/95 (58.9) 0.003
131/240 (0.545) 80/111 (0.720) 0.001
78/240 (32.5) 49/111 (44.1) 0.03
24/240 (10) 7/111 (6.3) NS
73/240 (30.4) 32/111 (28.8) NS
26/240 (10.8) 18/111 (16.2) NS
3/240 (1.25) 4/111 (3.6) NS
71240 (2.9) 5/111 (4.5) NS
0 0 NS

Data available only from the cohort of patients (n = 111) who underwent liver transplantation at the University of Alberta (percentages of all the
values were calculated respectively to the number of patients in this inception cohort).

© 2009 The Authors

160

Journal compilation © 2009 European Society for Organ Transplantation 23 (2010) 155-168



Molinari et al.

Outcome analysis of de novo sirolimus in liver transplantation

Table 3. Summary of vascular, bile duct anastomosis, wound complications and infections that occurred perioperatively in the group of patients

on SRL-based immunosuppression and in the control group.

Sirolimus group CNI group
Adverse events (ratio, %) (ratio, %) P value
Vascular adverse events 14/252 (5.5) 27/291 (9.2)* NS
Hepatic artery thrombosis 3/252 (1.2) 17/291 (5.8)* 0.004
Portal vein thrombosis 2/252 (0.8) 2/111 (1.8) NS
Pulmonary embolism 4/252 (1.5) 0 NS
Hepatic artery stenosis 4/252 (1.5) 5/111 (4.5) NS
Hepatic artery pseudoaneurysm 1/252 (0.4) 0 NS
Portal vein anastomotic stenosis 1/252 (0.4) 1/111 (0.9) NS
Hepatic vein thrombosis 0 1/111 (0.9) NS
Perioperative wound healing complications 38/252 (15) 34/291 (11.6)* NS
Wound infection requiring surgical revision in the operating room 14/252 (5.5) 0 0.004
Wound dehiscence requiring emergent surgical repair 2/252 (0.8) 2/111 (1.8) NS
Abdominal incisional hernia (within the first year after transplantation) 22/252 (8.7) 8/111 (7.2) NS
Abdominal incisional hernia requiring operative repair 50/252 (19.4) 16/111 (14.1) NS
within the first 5 years after transplantation
Bile duct complications (percentage, number of patients) 49/252 (19.4) 54/291 (18.5)* NS
Bile duct anastomotic leak 20/252 (7.9) 27/291 (9.2)* NS
Bile duct clinically significant anastomotic stenosis 29/252 (11.5) 43/111 (14.7) NS
Opportunistic infections occurring during the first 30 days 101/252 (40) 41/111 (36.9) NS
or during the same hospital stay after liver transplantation
Bacteremia 28/252 (11.1) 13/111 (11.7) NS
Pneumonia 26/252 (10.3) 11/111 (9.9) NS
Urinary tract infection 23/252 (9.1) 8/111 (7.2) NS
Clostridium difficile colitis 12/252 (4.7) 7/111 (6.3) NS
Candida albicans fungemia 1/252 (0.4) 1/111 (0.9) NS
Aspergillus pneumonia 0 1/111 (0.9) NS
Other infections 11/252 (4.3) 0 0.004
Late opportunistic infections (after discharge and within 42/226 (18.5) 13/100 (13) NS
the first 6 months after liver transplantation)
(total number of patients on Sirolimus: 226)
(total number of patients in the control group: 100)
Bacteremia 10/226 (4.4) 2/100 (2) NS
Pneumonia 6/226 (2.6) 4/100 (4) NS
Urinary tract infection 5/226 (2.2) 6/100 (6) NS
Clostridium difficile colitis 14/226 (6.1) 1/100 (1) 0.001
Other infections 7/226 (3.0) 0 0.02
Cytomegalovirus infection (within the first 6 months after liver transplant) 6/226 (2.6) 3/109 (2.7) NS
(total number of patients: 226)
(total number of patients in the control group: 109)
Herpes Virus pneumonia (within the first 6 months after liver transplant)t 0 0.9 (1/109) NS
(total number of patients: 226)
(total number of patients in the control group: 109) (percentage, number of patients)
Post-transplant lymphproliferative disease 1/252 (0.4) 2/111 (1.8) NS

*Data available for the entire cohort of patients in the control group (n = 291) who underwent liver transplantation at the University of Alberta
and at the University of Colorado. The remaining values of the control group are reported only for patients operated at the University of Alberta.

group versus none in the control group (P = 0.004). Fas-
cial dehiscences were observed with similar incidence in
two recipients (0.8%) receiving SRL immunosuppression
and two patients (1.8%) on CNI therapy. Within the first
5 years after OLT, symptomatic incisional hernias that
required repair were observed in 50 of the 252 patients
(19.4%) on SRL and in 16 of 111 patients (14.1%) trans-

© 2009 The Authors

planted at the UOA and on CNI immunosuppression
(P =NS).

Bile duct complications

Bile duct complications (stricture or leak) that required
interventions (ERC or PTC) occurred in 19.4% of
patients on SRL and in 18.5% of patients on CNI

Journal compilation © 2009 European Society for Organ Transplantation 23 (2010) 155-168 161
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Percent patients with
creatinine > or equal to
2.0 mg/dl

Serum creatinine and renal dysfunction
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Figure 3 Graphical representation of the
interval variations of serum creatinine levels
and the percentage of patients with serum
creatinine levels equal or above 2 mg/dl in
the study population during the time inter-
val of 5-year post liver transplantation. The
serum creatinine levels of patients who
developed post-transplantation renal failure

Serum creatinine level (mg/dl)

pre-tx 1 month 6 months 12 months 2years 3years 4years 5 years
Time
=== Percent Cr >2.0 mg/dl (Sirolimus) ezzzza  Percent Cr >2.0 mg/dl (Control)

- 4 - Median creatinine (mg/dl) (Sirolimus)

—o— Median creatinine (mg/dl) (Control)

requiring dialysis were excluded at the time
when renal replacement therapy was
started.

Table 4. Summary of interval variations of the levels of hematocrit, white blood cells and platelet count, cholesterol and triglycerides of the stud-
ied population during the 5-year post liver transplantation. Serum cholesterol levels were similar in the two groups except at the second year post-
operatively when patients on sirolimus experienced statistically higher levels of cholesterolemia. Similarly, patients on sirolimus had significant
higher levels of serum triglycerides in comparison to the control group during the entire period of follow-up. The gray color of cells represents val-
ues that reached statistical significant difference between the two groups (P < 0.05).

Parameter Group 1 month 6 months 12 months 2 years 3 years 4 years 5 years P value

Hct, % (SD) Sirolimus 31.9(5.2) 37.8 (6.0) 39.3 (6.4 40.8 (5.5) 42.1 (5.3) 41.7 (6.2) 39.7 (6.5) NS
Control 31.3 (4.6) 36.6 (4.7) 36.5 (5. 7) 37 6 (5.1) 38 7 (5.5) 39.1 (4.5) 38.9 (5.8)

WBC, 10%/ (SD) Sirolimus 6.1 (3.6) 4.7 (1.9) 5.1 (4.6) 2 (2.0) 4(1.8) 6.6 (2.8) 6.0(3.2) NS
Control 7.3 (3.0) 53 (2.1) 5.0 (1.8) 5 0 (1.7) 0(1.5) 5.6 (1.7) 5.6 (2.0)

Platelets, 10%/1 (SD) Sirolimus  250.0 (154) 178.9 (87) 186.7 (83) 191.6 (85) 191 8 (78) 198.2 (87) 193.0 (73) NS
Control 212.3(114) 174.0 (82) 174.6 (90) 189.9 (92) 198.8 (80) 213.6 (105) 215.4 (95)

Cholesterol, mg/dl (SD)  Sirolimus  163.7 (44) 182.2 (55) 178.1 (44) 180.8 (45) 184.5 (50) 190.1 (59) 182.1 (47) P < 0.05
Control 158.0 (47) 181.2 (47) 170.5 (44) 163.1 (39) 178.8 (43) 177.1 (40) 170.3 (47)

Triglycerides, mg/dl (SD)  Sirolimus  198.3 (112) 218.0 (182) 193.6 (117) 196.1 (127) 219.1 (144) 242.8 (163) 216.6 (175) P < 0.05
Control 1619 (57) 152.6 (94) 1459(82) 125.7 (74) 152.3(79) 152.2(81) 139.1 (68)

(Table 3). There was no statistical difference between the
two groups. The majority of strictures were treated by
endoscopic dilatation and stenting, while leaks were trea-
ted by percutaneous drainage and/or reconstruction with
hepaticojejunostomy.

Secondary endpoints

Opportunistic infections

The rate of opportunistic infections was similar in the
two groups (40% vs. 36.9%, P = NS) (Table 3). Symp-
tomatic cytomegalovirus infection with clinical manifesta-
tions was observed in six individuals (2.6%) in the SRL
group during the first 6 months period and in only one
additional patient after the first year post OLT. Post-
transplant Post-transplant lymphoproliferative disease in
the SRL group was observed in one patient more than
1 year postsurgery and no patient was diagnosed with

SRL-induced pneumonitis. In the control group, post-
transplant lymphoproliferative disease (PTLD) was diag-
nosed in one patient in the first 3 months after OLT and
one at 14 months after surgery.

Metabolic outcomes

Renal function

No statistical difference between the two groups was seen
during any of the time-intervals analysed (Fig. 3). Among
all 252 patients on SRL, three individuals (1.2%) devel-
oped acute renal failure prior to OLT and 21 patients
(8.8%) required temporary hemodialysis (HD) in the
perioperative period. Only five patients (2.2%) still
required HD at 6 months. After excluding these patients,
the preoperative mean serum creatinine level of patients
on SRL was 0.9 mg/dl (SD = 1.21) and 9.6% had serum

creatinine above 2.0 mg/dl. The prevalence of renal
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dysfunction (serum creatinine >2.0 mg/dl) among the
surviving patients declined from 9.8% at 1 month post
OLT to 4.8% at 6 months and then remained in the
range of 7% (12 months) to 9% (60 months). A similar
trend was observed for patients on CNI: three (1%)
patients required HD prior to OLT. After excluding these
patients, the mean preoperative serum creatinine level
was 1.0 (SD = 0.4) and five (1.7%) required temporary
HD during the first month after surgery. The prevalence
of renal dysfunction (serum creatinine 2>2.0 mg/dl)
among patients on CNI declined from 6.2% at 1 month
post OLT to 6% at 6 months and then remained in the
range of 5.4% (12 months) to 6.9% (60 months) during
the follow-up period.

Bone marrow function

Bone marrow function was similar for patients on SRL in
comparison to the control group (Table 4). Mean platelet
count declined during the first 6 months after OLT but
remained stable afterwards without any significant differ-
ence between the two groups. The mean white blood
count decreased during the first 6 months after OLT and
then remained stable in the range of 5-6 x 10° per liter.
Similarly, the hematocrit level progressively increased dur-
ing the first 3 years after OLT and then remained quite
constant with a mean value of 35% in both cohorts.
None of the patients required recombinant erythropoietin
or granulocyte stimulating factor injections beyond
3 months post OLT.

Lipid profile

Significant difference in the triglyceride profile was
observed between patients on SRL and the control group.
As represented in Table 4, patients on SRL had higher
blood levels of triglycerides although both groups were
equally exposed to medical therapy (statins and/or
fibrates) for hyperlipidemia as soon as the values of serum
lipid levels resulted abnormally high as recommended by

Percentage of patients on lipid lowering medications after liver
transplantation

—i— Sirolimus group

2 509, = Control group

J
8 10% ey

0 1 6 12 24 36 48 60
Months after liver transplant

Figure 4 Graphical representation of the percentage of patients on
lipid-lowering oral medications after liver transplantation. No statistical
difference was observed between patients on SRL-based immunosup-
pression and the control group except at the 12-month period.
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the American Association of Heart Diseases and the
American College of Cardiology [17] (Fig. 4). No statisti-
cal difference was noted for serum cholesterol levels
between the two cohorts except after 2 years when
patients on SRL had significantly higher levels of choles-
terol than the control group. With the appropriate intro-
duction of statins and/or fibrates, both groups had
similar serum lipid profiles during the 5-year follow-up.

Discussion

The use of SRL in OLT patients has not been approved
in the United States because a phase II controlled study
has suggested an increased risk of HAT, graft loss and
patient death. Nevertheless, up to 15% of OLT recipients
in the USA receive SRL within the first year after surgery
as it is often used as a CNI-sparing agent, especially in
cases of CNI toxicity [27]. Currently, the experience of
using SRL in OLT recipients early after surgery seems
limited to a few transplant centers and there is only a
modest body of literature on its effectiveness and safety as
a de novo immunosuppression medication in OLT
recipients.

The primary aim of this study was to assess the out-
comes of a large cohort of recipients who received SRL
in the first 24 h after OLT and continued for at least
6 months afterwards. The comparison of the results was
made with a control group of patients treated with stan-
dard CNI therapy at the same centers and during the
same period. To our knowledge, this is the largest obser-
vational study assessing the outcomes of de novo SRL
immunosuppression after OLT and most likely it would
not be repeated after the FDA issued the black box label
[7,13,14,28,29]. Watson [10] et al. were the first to
describe the use of SRL as primary immunosuppression
in OLT. Chang et al.subsequently explored the feasibility
of converting stable OLT recipients affected by CNI
toxicity from CyA or TAC to SRL and reported no
significant adverse events in the process [9]. Other
authors described similar experiences and observed bene-
fits of using SRL such as prevention of renal dysfunc-
tion, reduced neurotoxicity and reduced steroid-resistant
allograft rejections [30-33]. Nevertheless, the experience
with SRL in OLT recipients in many transplant centers
has been modest [34,35] with the majority of programs
in the United States, Europe and other countries viewing
the use of CNIs as essential for the success of OLT
[36,37]. TAC, and less so CyA, are the most commonly
used CNI immunosuppressant drugs for solid organ
transplant recipients and provide excellent graft- and
patient survival rates [38]. However, renal dysfunction
or failure [39], hypertension, diabetes, hyperlipidemia
and osteoporosis are major side-effects directly related to
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the time of exposure and blood concentration of these
drugs [39-41].

At the University of Alberta and the University of Col-
orado, the use of SRL was implemented in a substantial
number of patients undergoing OLT prior to the FDA
black box label and in selected patients thereafter to
reduce side-effects related to CNI therapy, or as an anti-
tumor agent in those with hepatocellular carcinoma
[28,42,43]. As SRL has a different safety profile than
CNI, the possible advantages of its use must be weighed
against a range of other side-effects such as peripheral
swelling, joint pain, wound infections, hyperlipidemia,
oral and gastrointestinal ulcerations [44], dermatitis,
interstitial pneumonitis [45-47] and possibly vascular
thrombosis.

In our experience, patients on SRL had survival and
rejection rates, graft functions and infection rates compa-
rable to the control group and confirmed the results of
other previous smaller observational studies [14,34,48,49].
One of the most controversial aspects of using SRL in
OLT recipients is the potential higher risk of graft loss
because of HAT [14]. Our findings did not confirm an
increased thrombotic risk for these patients and sup-
ported the results reported by other investigators who
used SRL after OLT [14,28,50]. It is known that HAT
complicates 4-15% of OLT and occurs more frequently
after pediatric OLT [51,52]. Several technical and congen-
ital conditions have been found to increase the risks of
HAT: dissection of the hepatic arterial wall, technical
imperfections with the anastomosis, celiac artery stenosis,
hypercoagulable state, transplantation for primary scleros-
ing cholangitis, aberrant arterial anatomy, back table arte-
rial reconstruction of the allograft, and high-resistance
microvascular arterial outflow caused by rejection or
severe ischemia-reperfusion injury (IRI) [53-56]. In our
experience, thrombotic vascular complications occurred
in 5.5% of patients on SRL and in 9.2% of patients on
CNI (P =NS). Contrary to our expectations, HAT
occurred in 1.2% of patients on SRL and in 5.8% of
patients on CNI (P = 0.004). One of the possible explana-
tions of these findings is that the group treated with CNI
had a significantly higher percentage of patients with
autoimmune diseases that are well known to be associated
with hypercoagulability and risk of thrombosis. Unfortu-
nately, the small number of patients who developed this
complication in each group did not allow us to perform
any further statistical analysis to explore this hypothesis
further [56].

Over the last two decades, patient- and graft survival
rates have improved significantly. Recent literature reports
that 75-85% of all individuals undergoing OLT are alive
at 5 years independent of the immunosuppression regi-
men used [57-59]. The longer life-expectancy of these
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patients demand a careful evaluation of the spectrum of
all the long-term side-effects of immunosuppression as
they have become the main cause of death with function-
ing grafts. Epidemiological studies have shown that
chronic kidney disease is a predisposing factor for higher
morbidity and mortality in transplant recipients [60,61]
as well as in the general population [62]. Therefore,
immunosuppressive medications without renal toxicity
are very attractive. Published clinical studies indicate
improved renal function after conversion from CNI to
SRL in the first 1-6 months after renal or OLT
[33,63,64]. In our study, both groups experienced
improved renal function during the first year after trans-
plant and relative stability during the following years
possibly because of the resolution of preoperative hepato-
renal syndrome. It is important to note that these
outcomes were seen in patients transplanted in the pre-
MELD era, a time when renal dysfunction was much less
common in OLT recipients, and perhaps partially
explaining the excellent long-term renal function observed
in both groups of patients.

Sirolimus (SRL) has been associated with a negative
effect on wound healing [65-68] because of its antifibrot-
ic effects [69]. As in previous reports [70,71], we observed
a rather high incidence of incisional hernias requiring
surgical revision associated with the use of SRL. Severe
perioperative wound infections occurred in 5.8% of
patients and wound dehiscences in 0.8%. Symptomatic
incisional hernias requiring surgical repair occurred in 50
of 252 patients (19%) during the first 5-year post OLT
vs. 14% in the control group. At both transplant centers,
it was felt that there was no need to discontinue SRL
therapy in the pre- and postoperative period for incision-
al hernia repairs. Although this difference did not reach
statistical power, the results of this study support the
finding of other authors who have reported up to 15—
17% of patients with incisional hernias requiring surgical
therapy after OLT [34,51,52] and some delayed wound
healing with SRL [65].

There is limited knowledge regarding the incidence of
bile duct complications because of poor healing in
patients undergoing OLT and treated with SRL. In this
study, the rate of bile duct anastomotic complications
was 19.4%, which is comparable to patients treated with
CNI [34]. More importantly, few of the adverse events
involving the bile duct anastomosis had long-term effects
that contributed to graft failure.

In contrast to the previous clinical trials of OLT recipi-
ents treated with SRL-based immunosuppression, we saw
no increased risk of infection in this group. Overall, the
rate of infection in patients on SRL was quite low: bacter-
emia 11%, pneumonia 10.3%, fungal infection 0.4%,
CMV 2.6%, and PTLD 0.4%. None was higher than the
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CNI-treated control group, nor do the infections rates
appear higher in comparison to published experience
[70]. These findings might be attributable to the lower
level of SRL used at our transplant centers, or the combi-
nation of lower SRL blood levels and the fact that other
immunosuppressive medications such as steroids were
tapered relatively quickly. Contrary to other observational
studies of solid organ transplant recipients where the inci-
dence of SRL-induced pneumonitis ranged from 2% [72]
to 11% [73,74], we did not observe any case. We suspect
that this might be as a result of several possibilities. One
possible explanation is attributable to the difficulty of
diagnosing interstitial pneumonitis resulting from SRL in
the early postoperative period as the clinical and radiolog-
ical presentations are similar to infective pneumonia that
occurs much more frequently [75]. Another explanation
might be that during the period of this study, the associa-
tion between exposure to SRL and interstitial pneumoni-
tis had not yet become established and therefore the
clinical diagnosis of this condition might have been mis-
interpreted as infective pneumonia.

Dyslipidemia is perhaps the most common metabolic
side-effect of SRL and it may not be dose-dependent
[76]. Clinical studies in renal transplantation have dem-
onstrated that up to 80% of patients on SRL have hyper-
cholesterolemia [77,78]. Similar to the renal transplant
literature, in OLT recipients treated with SRL, the inci-
dence of hypercholesterolemia has been reported to be as
high as 44% [29]. In comparison to previous studies, the
lipid profile of our patients showed modest levels of
hyperlipidemia that might have been attributable to the
combination of maintaining lower blood levels of SRL,
and/or the reduced use of steroids in addition to the
introduction of statins and/or fibrate medications for all
patients with elevated serum lipid profile.

Sirolimus (SRL)-associated bone marrow suppression is
attributable to inhibition of specific cytokines and vascu-
lar growth factors [68,79,80]. In our study, SRL did not
significantly affect platelet or white blood counts; they
remained in the range of 160-190 000/mm’ and 4000—
6000/mm” respectively over time without frequent need
for granulocyte stimulating growth factor injection. Simi-
larly, the level of hematocrit remained quite stable (31—
40%) although oral iron supplementation was prescribed
for all patients who had shown evidence of suppressed
erythropoietic function. Anemia was less commonly a
problem in Denver, likely a result of the altitude-induced
higher baseline level of hematocrit.

As in many retrospective observational studies, there
are several inherent weaknesses of this study mostly
attributable to the lack of randomization of patients.
Although the immunosuppression protocols used for sub-
jects treated with SRL were similar at both medical cen-
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ters, selection and treatment bias could not be avoided
without random allocation. As in every retrospective anal-
ysis there is the risk of introducing sampling, selection
and other bias as the groups of patients assembled for the
study differ in ways other than the factors under investi-
gation. Although, no significant baseline differences were
seen between recipients on CNI-based immunosuppres-
sion or SRL-based one, there was heterogeneity in etiol-
ogy of cirrhosis, pre- and postoperative care provided at
the two participating medical centers. For example, in
both centers, the protocols employed for the use of SRL
were started early after OLT and continued for at least six
consecutive months. On the other hand, the use of ste-
roids and the blood level of immunosuppressive medica-
tions were not uniform. Another important limitation of
this study is that the majority of patients were enrolled
prior to the introduction of the MELD scoring system for
the allocation of cadaveric grafts. The mean MELD score
at the time of transplantation for patients enrolled in this
study was only 15, this being the average MELD score for
patients transplanted in the pre-MELD era and this value
is significantly lower than the average score of patients
undergoing OLT in recent years [81,82]. Higher MELD
scores are associated with more advanced liver and other
organs dysfunction. Therefore, the incidence of pre- and
post-transplant renal insufficiency, infections, and wound
healing problems observed in these two cohorts may
apply only to patients with relatively preserved hepatic
and renal function.

Despite these limitations, our study has the strength of
being one of the largest observational studies on the use
of SRL in OLT recipients treated in North America. After
the black box label, the experience of SRL in OLT has
been quite modest and most likely a similar study will
not be feasible any time in the near future. Our findings
can not overturn the results of randomized trials, but
they suggest that for patients with moderate MELD scores
at the time of OLT, the use of SRL alone or in conjunc-
tion with low-dose CNI may be safe and effective as rejec-
tion rates, graft losses and patient survivals were similar
in both the groups. Nevertheless, we recognize the limita-
tions of our study, and wish that new randomized con-
trolled trials are performed to test the effectiveness and
safety of promising new m-TOR inhibitors for OLT recip-
ients.
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