
D
ow

nloaded
from

http://journals.lw
w
.com

/transplantjournalby
BhD

M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

1y0abggQ
ZXdgG

j2M
w
lZLeI=

on
05/13/2021

Downloadedfromhttp://journals.lww.com/transplantjournalbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdgGj2MwlZLeI=on05/13/2021

Efficacy and Safety of Basiliximab with a Tacrolimus-
Based Regimen in Liver Transplant Recipients

Ignazio R. Marino,1,5 Cataldo Doria,1 Victor L. Scott,2 Carlo Scotti Foglieni,3 Augusto Lauro,4

Tommaso Piazza,3 Davide Cintorino,3 and Salvatore Gruttadauria3

Background. Induction with monoclonal antibodies for prevention of acute cellular rejection (ACR) may avoid many
of the adverse events associated with polyclonal antibodies. Basiliximab, a chimeric monoclonal antibody directed
against the �-chain of the interleukin 2 receptor (CD25), has been extensively evaluated as an induction therapy for
kidney transplant recipients, more frequently in combination with a cyclosporine-based regimen. In this study, we
assessed the efficacy and safety of basiliximab in combination with a tacrolimus-based regimen after liver
transplantation.
Methods. Fifty consecutive liver transplants (47 cadaveric donors; 3 living donors) were analyzed. All patients received
two 20-mg doses of basiliximab (days 0 and 4 after transplantation) followed by tacrolimus (0.15 mg/kg/day; 10 –15
ng/mL target trough levels) and a tapered dose regimen of steroids. Follow-up ranged from 404 to 1,364 days after
transplantation (mean 799.89 days, SD�257.37; median 796 days).
Results. A total of 88% of patients remained rejection-free during follow-up with an actuarial rejection-free probability
of 75% within 3 months. The actuarial patient survival rate at 3 years was 88%, and the graft survival rate was 75%.
Twelve (24%) patients experienced one episode of sepsis, requiring temporary reduction of immunosuppressive ther-
apy. There were no immediate side effects associated with basiliximab and no evidence of cytomegalovirus infection or
posttransplant lymphoproliferative disorder.
Conclusions. Basiliximab in combination with a tacrolimus-based immunosuppressive regimen is effective in reducing
episodes of ACR and increasing ACR-free survival after liver transplantation. In addition, basiliximab does not increase
the incidence of adverse effects or infections.
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(Transplantation 2004;78: 886 –891)

Orthotopic liver transplantation (OLTx) has become the
standard treatment for both chronic and acute end-

stage liver disease. However, despite advances in immuno-
suppression, acute cellular rejection (ACR) remains an im-
portant risk factor. Antibody induction is a means of
reducing the risk of ACR in the early posttransplantation pe-
riod while simultaneously attempting to avoid adverse effects
such as nephrotoxicity.

Antibodies may be either polyclonal or monoclonal.
Polyclonal antibodies have been associated with numerous
adverse effects including anti-antibody formation, serum
sickness, leukopenia, cytokine release syndrome, and an in-
creased risk of infection and malignancy (1, 2). Monoclonal
antibodies specifically targeting the interleukin 2 receptor
(IL-2R) were developed to reduce these adverse effects (2).
IL-2 receptor antibodies include the chimeric IL-2R antibody
basiliximab (Simulect) and the humanized IL-2R antibody

daclizumab (Zenapax). Both are directed against the �-chain
(CD25), which is expressed on activated T cells. As inhibitors
of IL-2 binding, they prevent ACR by inhibiting IL-2– driven
T-cell proliferation. A meta-analysis of randomized trials
with anti–IL-2R antibodies showed that in kidney transplant
recipients the addition of IL-2R antibodies to cyclosporine-
based immunosuppression reduced the risk of ACR at 6
months by 49% without increasing the overall incidence of
infection including cytomegalovirus (CMV) infection, mor-
tality, or risk of malignancy at 1 year (3).

Randomized trials of basiliximab in kidney transplan-
tation have shown its safety and effectiveness as an induction
agent (4 –7). Patients in these studies had a reduction in ACR
when compared with patients receiving placebo. In addition,
the incidence of infection and other adverse effects was com-
parable between recipients of basiliximab and placebo.

Experience with basiliximab in OLTx has been less ex-
tensive than in KTx. Furthermore, basiliximab has been eval-
uated more frequently with a cyclosporine-based than with a
tacrolimus-based regimen. This is the first study evaluating
the efficacy and safety of basiliximab and tacrolimus as stan-
dard immunosuppression in adults undergoing OLTx.

MATERIALS AND METHODS
A prospective study was conducted in consecutive re-

cipients of primary orthotopic liver transplants from January
2000 to November 2002 at Ismett, a transplant program
started in July 1999. Recipients of either cadaveric-donor or
living-donor grafts were eligible for the analysis. Standard
immunosuppression was used for all primary OLTx for the
study period, which included 20 mg of basiliximab and 1 g of
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methylprednisolone at the time of liver reperfusion; both
were given by intravenous (IV) bolus. An additional 20-mg
dose of basiliximab was administered by IV bolus on day 4
after transplantation. Tacrolimus (Prograf) was administered
at 0.15 mg/kg per day by mouth or through a nasogastric tube,
starting not earlier than 24 hr after the OLTx but always
within 48 hr from liver reperfusion, and adjusted to achieve
trough levels in the range of 10 to 15 ng/mL. At 30 days after
transplantation, the target trough level was lowered to 5 to 10
ng/mL. Corticosteroids were administered in a standard
rapid taper regimen for the first month (methylprednisolone
at 50 mg IV every 6 hr on day 1; 40 mg IV every 6 hr on day 2;
30 mg IV every 6 hr on day 3; 20 mg IV every 6 hr on day 4; 20
mg IV every 12 hr on day 5; 20 mg of prednisone by mouth or
through the nasogastric tube on days 6 through 15, and then
10 mg/day for 1 week and 5 mg/day for 1 additional week).

In case of ACR, the protocol comprised a 1,000-mg IV
bolus of methylprednisolone, followed by the 5-day taper reg-
imen of IV corticosteroids described above. Simultaneously,
the tacrolimus target level was increased to 15 to 20 ng/mL.
The protocol also included a second liver biopsy if the liver
parameters were not improving by day 5; in case of steroid-
resistant ACR, the protocol included 5 mg of OKT3, given IV
daily for 5 to 10 days.

CMV pp65 antigenemia-guided preemptive therapy
was used for CMV prophylaxis: surveillance for CMV anti-
genemia was performed at weeks 2, 4, 6, 8, 12, and 16 after
transplantation. If positive, oral ganciclovir was used for 6
weeks as previously reported (8).

Follow-up ranged from 404 to 1,364 days after trans-
plantation, with a mean of 799.89 days (SD�257.37) and a
median of 796 days. Parameters evaluated included graft fail-
ure, need and indication for retransplantation, and number
of retransplants. Patient survival/death, ACR-free time, num-
ber of ACRs per month, and infection rate were also mea-
sured. The diagnosis of ACR was always biopsy proven.

Statistical Analysis
Continuous variables are presented as the mean � SD,

and categorical variables are shown as rates. For continuous
variables, paired sample t tests determined whether there was
a difference between groups. For survival, the Kaplan-Meier
method was used. The analyses were performed using SPSS
(SPSS Inc., Chicago, IL).

RESULTS
Patient demographics are shown in Table 1. Fifty pa-

tients were included in the analysis; 47 received cadaveric
livers and 3 received livers from living donors. The cohort
included 35 men and 15 women; patients ranged in age from
15 to 64 years, with a mean age of 49.78 years. The most
common CMV status was donor-positive/recipient-positive
(31 patients); however, all combinations of CMV status were
represented (Table 1). The liver diseases leading to OLTx are
also listed in Table 1. All patients received tacrolimus at a
median time of 48 hr after OLTx (mean, 45.6 hr). The mean
total ischemia time from the time of cross-clamping during
the donor operation to liver reperfusion was 10 hr and 42 min
(SD�0.13). Of 50 OLTx, 16 were performed with a standard
hepatectomy with the use of venous-venous bypass, 15 with a

standard hepatectomy without the use of venous-venous by-
pass, 12 with the so-called “piggyback” technique without
venous-venous bypass, and 7 with the “piggyback” technique
with the use of venous-venous bypass. All 47 cadaveric livers
were perfused with University of Wisconsin solution,
whereas the 3 live donor grafts were perfused with histidine-
tryptophan-ketoglutarate solution (to prevent the need for
flushing before reperfusion during the recipient operation).

The majority of patients experienced a successful out-
come. The actuarial patient survival rate at 3 years was 88%
and the graft survival rate was 75% (Figs. 1 and 2). Graft loss
occurred in nine patients (18%). Two patients underwent
retransplantation as a result of hepatic artery thrombosis and
one patient as a result of late graft dysfunction; five patients
underwent retransplantation for primary nonfunction. In
addition, one patient underwent two retransplantations for
prolonged primary graft dysfunction. There were six deaths:
four as a result of late graft failure and two as a result of sepsis.

Forty-four (88%) patients were free of ACR episodes
during the follow-up period. Five patients (10%) had one
ACR episode: one within 3 months (mild in severity); two
within 3 to 6 months (one mild, one moderate in severity);
and two within 6 to 12 months (one mild, one moderate in
severity). One patient (2%) had three ACR episodes (severe,
moderate, and mild in severity), two of which occurred at 6 to
12 months after transplantation. OKT3 or other antibody
therapy was never required to treat rejection. The mean ACR
episodes per month were 0.15 (�0.21; range, 0 to 0.58). Re-
jection-free probability was 75% within the first 3 months
after transplantation.

Basiliximab was well tolerated by all patients. No acute

TABLE 1. Patient demographics

Baseline patient characteristics n�50

Mean age (range) 49.78 (15–64)

Male/female, n 35/15

Race/ethnicity 100% Caucasian

Mean baseline creatinine level (mg/dL) 0.9 (SD�0.6)

CMV status, n

Donor �/recipient � 31

Donor �/recipient � 4

Donor �/recipient � 12

Donor �/recipient � 3

Cadaveric donor, n 47

Living donor, n 3

Primary liver disease n�50

HCV-related cirrhosis 21

HBV/HDV-related cirrhosis 10

HCC 6

Alcohol-related cirrhosis 5

PBC 3

Autoimmune hepatitis 2

Cryptogenic cirrhosis 2

Sclerosing cholangitis 1

CMV, cytomegalovirus; HCV, hepatitis C virus; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; PBC, primary biliary cirrhosis.

© 2004 Lippincott Williams & Wilkins 887Marino et al.



side effects were noted, including acute infusion reactions.
The mean baseline creatinine level in the 50 primary recipi-
ents was 0.9 mg/dL (SD�0.6). The mean creatinine level at
day 10 after transplantation was 1.3 mg/dL (SD�0.7), statis-
tically different from the preoperative value (P�0.0037).
Thrombocytopenia was seen in the early postoperative pe-
riod, as usually observed after OLTx and described by us else-
where (9). The mean baseline platelet count was 68,080/mm3

(SD�42,077). Mean platelet count at day 10 after transplan-
tation was 104,700/mm3 (SD�53,317), statistically different
from the preoperative value (P�0.0002).

Twelve patients experienced at least one episode of in-
fection, whereas four experienced more than one episode. In
case of infection, immunosuppression was always reduced.
Respiratory infection occurred in seven patients: three related
to Klebsiella pneumoniae, four to Pseudomonas aeruginosa.
Bronchoalveolar lavage (BAL) was positive for Xanthomonas
in two patients. Four patients had one episode of CMV anti-

genemia diagnosed by pp65. Three patients had a wound in-
fection from Escherichia coli, one patient had a positive Esch-
erichia coli culture in the ascites fluid, one patient had
Escherichia coli urinary tract infection, one patient had a pos-
itive Escherichia coli culture in the bile and blood, and one
patient had a positive Escherichia coli culture simultaneously
in wound, ascites, and bile. Among the hepatitis C virus
(HCV)-positive recipients, 42% (9/21) developed biopsy-
proven HCV recurrence within the follow-up period. None
of the patients in this study experienced posttransplant lym-
phoproliferative disorder. No recurrent or de novo malig-
nancies have occurred in any patient to date.

DISCUSSION
This study showed that basiliximab in a tacrolimus-

based immunosuppression regimen is well tolerated and ef-
fective in both reducing episodes of ACR and increasing

FIGURE 1. Kaplan-Meier es-
timates of patient survival (n�50).

FIGURE 2. Kaplan-Meier es-
timates of graft survival (n�50).
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ACR-free survival after OLTx. Our results may be compared
with those of a large retrospective analysis using data from 15
Italian liver transplant centers in which 3,026 orthotopic liver
transplant recipients of similar demographics received im-
munosuppression with a calcineurin inhibitor and either my-
cophenolate mofetil or azathioprine (10). A total of 12% of
patients in the current study experienced at least one episode
of ACR, representing a substantial improvement compared
with the 43.5% rejection rate seen in the Italian multicenter
study, in which monoclonal antibodies were not used. The
addition of basiliximab to the immunosuppression regimen
also seems to improve actuarial graft and patient survival
rates at 3 years. In the current study, actuarial graft and pa-
tient survival rates at 3 years were 75% and 88%, respectively.
This compares favorably with the results seen in the Italian
multicenter study, in which 3-year graft and patient survival
rates were 70.2% and 72.3%, respectively (10). The results of
our study might also represent an improvement compared
with nationwide data provided by the United Network for
Organ Sharing Transplant Liver Registry, which found graft
and patient survival rates at 3 years to be 71.5% and 77.9%,
respectively (11).

Our results may also be compared with literature data
related to tacrolimus-steroids protocols. The 12% ACR rate
of our study compares favorably with the 38% 1-year rejec-
tion rate recently reported by Boillot et al. (12) as well as the
45.2% 1-year rejection rate reported by Jain et al. (13) from
the Pittsburgh group. The difference is even more dramatic
when our results are compared to the U.S. and European
multicenter FK506 liver study groups, in which the 1-year
rejection rates with steroids and tacrolimus were 68%, and
40.5%, respectively (14, 15).

Although our study was not designed to evaluate the
pharmacokinetics and immunodynamics of basiliximab, we
want to mention these topics. As previously reported by Ko-
varik et al. (16, 17), basiliximab was measurable in drained
ascites fluid and clearance by this route was about 20% to
29% of the total body clearance. Patients with more than 5 L
of posttransplantation ascites fluid drainage tended to have
CD25 saturation duration in the lower adult distribution
quartiles (17). However, although ascites fluid drainage and
postoperative bleeding are potential sources of basiliximab
loss, these events did not seem to jeopardize the maintenance
of immunoprophylactic drug concentration (16). Con-
versely, it was suggested that an additional dose of basiliximab
may be considered on a case by case basis depending on the
volume of the ascites drained (17). However, in this study we
never felt that the fluid or blood loss was so significant to
justify an extra basiliximab dose.

The use of monoclonal antibodies in OLTx has been
less studied than in KTx. However, recent studies (mostly
pediatric) have demonstrated that the addition of basiliximab
to tacrolimus- or cyclosporine-based regimens could reduce
ACR rates in OLTx (18 –21).

Reding et al. (21) recently reported on their experience
with a steroid-free tacrolimus-basiliximab protocol in 20 pe-
diatric orthotopic liver transplant recipients. In these chil-
dren, the 12-month rejection-free survival rate was 75%, sta-
tistically better (P�0.05) than a similar population treated
with tacrolimus and steroids. Furthermore, growth in the first
year after transplantation was significantly better in the ta-

crolimus-basiliximab group than in the steroid group. This
finding may also encourage new studies to further assess the
efficacy and safety of a steroid-free tacrolimus-basiliximab
regimen in adults. However, the current study is the first to
show that the addition of basiliximab to a standard tacroli-
mus-based immunosuppressive regimen is effective and well
tolerated in adults undergoing OLTx. The effects of basilix-
imab on ACR and patient survival in OLTx have been more
extensively studied in standard cyclosporine-based regimens
(22–25). In a phase III study involving 381 orthotopic liver
transplant recipients, the addition of basiliximab to cyclo-
sporine- and steroid-based immunosuppression reduced the
overall rate of biopsy-confirmed ACR at 6 months from
43.5% to 35.1%. Rates of death, graft loss, or first biopsy-
confirmed ACR decreased from 52.8% to 44.1%, represent-
ing a 19% relative reduction (22). Although both HCV-pos-
itive and -negative patients treated with basiliximab had
reduced ACR rates compared with recipients of placebo, this
reduction was most evident in HCV-negative patients (22).
Some of this difference may have been caused by elevated
baseline levels of immune system activity in the HCV-positive
patients. Standard immunosuppression may have been insuf-
ficient to overcome this elevated activity in HCV-positive pa-
tients, therefore resulting in higher ACR rates.

It has been shown that basiliximab is well tolerated in
pediatric orthotopic liver transplant recipients, including
HCV-positive recipients (18 –25). Basiliximab did not seem
to increase opportunistic infection rates or CMV or post-
transplant lymphoproliferative disorder (18 –25). Consistent
with data previously reported, this was confirmed in the cur-
rent study.

HCV recurrence developed in 42% of HCV-positive
recipients during the 3-year follow-up. This rate compared
favorably with that previously observed in Pittsburgh (42–
53%) (26, 27). Although the intensity of immunosuppression
has been shown to correlate with recurrent HCV hepatitis
after OLTx (27), the addition of basiliximab to baseline im-
munosuppression in our study did not increase the HCV re-
currence rate. This is particularly relevant because patients
with recurrent HCV hepatitis show a higher incidence of late-
occurring infections, mostly as a result of pathogens associ-
ated with depressed cell-mediated immunity (27). It is also
interesting to note that, as reported by Kato et al. (28) from
the Miami group, tacrolimus along with another IL-2R anti-
body— daclizumab—and a steroid-free regimen resulted in
fewer HCV infection recurrences after OLTx. In their study,
biopsy-proven recurrent HCV was 0% at 3 months, whereas
the control arm (patients not treated with daclizumab and
receiving steroids) had a 27% HCV recurrence rate. A litera-
ture meta-analysis on daclizumab induction in organ trans-
plantation confirmed this finding; this salutary effect could be
related to the steroid-sparing immunosuppression allowed
by IL-2R antibody induction (29). This is similar to our study
in which patients underwent an early (1 month) steroid with-
drawal. A second possible mechanism justifying a lower HCV
histologic recurrence rate may be related to an immuno-
modulatory role of basiliximab and daclizumab in HCV-pos-
itive subjects. In fact, in this population it seems that the mean
serum IL-2 soluble receptor (sIL-2R) concentration corre-
lates with the Knodell histology index and therefore with the
impaired liver function (30). In other words, the presence of

© 2004 Lippincott Williams & Wilkins 889Marino et al.



viral replication is not sufficient to induce the release of large
amounts of sIL-2R, which, instead, correlates with the degree
of liver damage related to HCV. Therefore, it would be inter-
esting in future studies to investigate the role of IL-2R anti-
bodies and sIL-2R to prove beneficial effects and reductions
of HCV histologic recurrence in HCV-positive liver recipi-
ents, independently from a steroid-free immunosuppression.

Our data support the use of basiliximab in adult OLTx
treated with tacrolimus-based immunosuppression as a strat-
egy for decreasing ACR in OLTx while avoiding the serious
adverse effects associated with broad T-cell depletion. How-
ever, monoclonal antibodies may also be beneficial to pa-
tients when used in calcineurin inhibitor–sparing regimens.
In such regimens, monoclonal antibodies could facilitate the
early withdrawal of calcineurin inhibitors, thus reducing the
risk for nephrotoxicity, and neurotoxicity. Favorable results
using monoclonal antibody therapy in calcineurin inhibitor–
sparing regimens have already been observed in small series
of kidney transplant patients with delayed graft function (31–
34). Our previous use of basiliximab in selected patients, par-
ticularly those with a rising serum creatinine level, prompted
us to include it in our standard immunosuppression proto-
col. Therefore, we believed it unethical to conduct the present
study in a randomized manner and deny potential benefits to
patients.

The improved rates of ACR and patient survival with-
out malignancies or significant adverse events seen during 3
years of follow-up in the current study support the further
investigation of basiliximab as an agent that facilitates the
withdrawal of cyclosporine or tacrolimus over time. Based on
the positive results obtained in this study thus far, plans are
underway to start weaning our patients from immunosup-
pression at year 4 after transplantation. This approach has
previously been explored in a prospective study of liver trans-
plant recipients, in which 19% of patients could be main-
tained drug-free with low ACR rates from 10 months to 4.8
years (35). Kidney transplant recipients treated before trans-
plantation with antithymocyte globulin and with posttrans-
plantation tacrolimus monotherapy have also been success-
fully weaned from tacrolimus (36). These results suggest that,
through the avoidance of early posttransplantation overim-
munosuppression, a degree of partial tolerance may develop
that is sufficient to allow for dose reduction (36, 37). The role
of nondepleting monoclonal antibodies in achieving a toler-
ant state remains to be explored.

CONCLUSION
This study demonstrated that basiliximab, a chimeric

monoclonal antibody directed against the IL-2R (CD25), was
effective in reducing the number of ACR episodes and in-
creasing the probability of remaining rejection-free after
OLTx, which could potentially result in improved long-term
outcomes. In addition, the study showed that basiliximab was
safe and did not increase the adverse event profile or rate of
infection. Investigation of the potential of this regimen for
allowing later weaning from maintenance immunosuppres-
sants is needed. Based on the favorable outcome observed in
our patient population reported here, we believe that it would
be appropriate to test a steroid-free immunosuppressive reg-
imen based on tacrolimus and basiliximab in adult liver re-

cipients, similarly to what has been performed in children by
Reding (21), with particular attention to HCV recurrence in
this subgroup of recipients.
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