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ABSTRACT

Background: Long-term efficiency of attenuated immunosuppressive therapies is not well characterized 
in pediatric liver transplantation (LT).

Objective: To assess the efficiency of tacrolimus once daily (TAC-OD) and sirolimus once daily (SLR-OD) 
immunosuppression in pediatric LT.

Methods: We retrospectively evaluated 59 children who underwent LT in our center during 2002 to 2016. 
Those including children who underwent planned decrease in immunosuppressant dose (stable clinical 
conditions after 2 years of LT), and those who underwent unplanned decrease in immunosuppressant 
dose (because of complications such as post-transplant lymphoproliferative disorder [PTLD] and renal 
failure). 

Results: 25 of 59 children underwent planned decrease in immunosuppressant dosage (mean±SD du-
ration of 4.5±1.8, range: 3–11 years); 34 had unplanned decrease (mean±SD of 1.3±0.6, range: 0.5–2.6 
years). 19 of 25 children with planned conversion received TAC-OD; 6 received SLR-OD (22 with 1 mg/
day dose, and 3 with 1 mg every two days). Of 34 children with unplanned conversion, 27 received TAC-
OD, 7 SLR-OD (25 children with 1 mg/day, 7 with 1 mg every two days, 1 with 0.5 mg/day TAC, and 1 with 
0.5 mg TAC every two days). We found no adverse events including acute or chronic graft rejection, renal 
insufficiency, infections, PTLDs, or cardiovascular thrombotic events after initiation of the modified im-
munosuppression in none of the groups. 

Conclusion: TAC-OD or SLR-OD monotherapies are safe and effective for long-term management of LT 
children with either stable clinical conditions or those with LT complications. 
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INTRODUCTION

Liver transplantation (LT) is the stan-
dard therapy for end-stage liver diseas-
es. Long-term survival in LT patients 

necessitates suitable administration of immu-

Original Article

nosuppressive to achieve acceptable survival 
[1, 2].

Traditionally, calcineurin inhibitors (CNIs)—
cyclosporine or tacrolimus (TAC)—have been 
used as immunosuppressant agents in solid or-
gan transplantation. TAC has been used as the 
main maintenance immunosuppressive thera-
py in the majority of organ transplant centers. 
Using CNIs, including TAC, has significantly 
attenuated the risk of acute graft rejection [3]. 
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CNIs administration has reduced the occur-
rence of life-threatening infections, metabolic 
complications, drug cytotoxicity, and develop-
ment of neoplasms in transplant recipients. 
Nevertheless, using CNIs is hindered due to 
the associated risk of acute and chronic neph-
rotoxicity [4, 5]. 

A common strategy to avoid CNIs adverse ef-
fects is conversion of TAC twice daily (TAC-
TD) approach to TAC once daily (TAC-OD) 
post-transplantation. TAC-OD strategy can 
further promote the compliance rate toward 
long-term immunosuppression therapy [6]. 
Another approach in reducing CNIs exposure 
is to recruit substitutes such as mechanistic 
target of rapamycin (mTOR) inhibitors—
everolimus and sirolimus (SLR). SLR was first 
introduced in 1999 and has been used in many 
solid organ transplantations thereafter [7-9]. 
SLR triggers biological functions such as an-
tiproliferative effects toward lymphocytes, fi-
broblasts, and neoplastic cells. In comparison 
to TAC, SLR is mainly known as a non-neph-
rotoxic agent with lower rate of side-effects 
such as hypertension and diabetes [7]. 

There is limited knowledge on the long-term 
effects of TAC and SLR low-dose immunosup-
pressive therapies in children who underwent 
LT. We conducted this study to assess the 
long-term effects of TAC-OD and SLR-OD 

monotherapy on children who underwent LT 
in Namazi Hospital, Shiraz.

PATIENTS AND METHODS

Population
The study population included children (<18 
years) who received LT in Namazi Hospital, 
Shiraz, Iran. There were two groups of the pa-
tients based on the planned or unplanned dose 
decline in immunosuppressive therapy. The 
study was performed from 2002 to 2016. In-
formed written consent was obtained from the 
parents. Our study followed ethical guidelines 
set in the Helsinki Declaration. 

Conversion to OD Immunosuppressive 
Therapy 
The inclusion criteria for minimizing immu-
nosuppressant drugs included non-immune 
liver diseases, no history of other organ trans-
plantation, liver enzymes less than two times 
the upper limit of normal value, survival of >2 
years after LT, no increase in immunosuppres-
sion dose in the precedent year, and no episode 
of rejection during the past year. Children with 
autoimmune hepatic disorders, and those with 
poor adherence to the immunosuppressive 
therapy were excluded. Patients met the above 
criteria for immunosuppressant minimization 

Table 1: The underlying etiologies for two groups of studied children

Cause Planned immunosup-
pressive (n=25), n (%)

Unplanned immunosup-
pressive (n=34), n (%)

Biliary atresia 8 (32) 6 (18)

Tyrosinemia 5 (20) 6 (18)

Neonatal hepatitis 3 (12) —

Familial progressive intrahepatic cholestasis 2 (8) 6 (18)

Crigler-Najjar syndrome 2 (8) 5 (15)

Cryptogenic cirrhosis 2 (8) 1 (3)

Fulminant hepatitis 1 (4) —

Bailer 1 (4) 2 (6)

Familial hypercholesterolemia 1 (4) 3 (9)

Wilson’s disease — 3 (9)

Alpha-1 antitrypsin deficiency — 1 (3)

Hepatocellular carcinoma — 1 (3)

Total 25 (100) 34 (100)
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were placed on TAC-OD or SLR-OD with 
close monitoring of liver enzymes and drug 
levels. In those in whom liver enzymes elevat-
ed >2 times the upper limit of normal values, 
an abdominal ultrasonography with Doppler 
assessment of graft vessels was performed for 
the diagnosis of obstruction of hepatic biliary 
ducts. In those with normal sonography re-
sults, biopsy of liver was obtained to evaluate 
biopsy proven rejection. Graft rejection was 
decided based on histological examination and 
according to Banff criteria. These patients 
were then treated with short-term pulse-
therapy with corticosteroids and increased 
immunosuppressant dose. Long-term success-
ful minimization was defined as patients who 
have been maintained on once daily immuno-
suppressant monotherapy without rejection 
episodes for over three years.

Statistical Analysis
SPSS® for Windows® ver 19 was used for data 
analysis. Normality of data was assessed with 
one-sample Kolmogorov-Smirnov test. χ2 and 
Student’s t test for independent samples were 
used for statistical inference. 

RESULTS

Overall, there were 59 liver transplanted 
children (<18 years old) who had been under 
immunosuppressive regimen of TAC-OD or 

SLR-OD (or once every two days). Of these, 
25 had long-term successful minimization of 
immunosuppressant. In 34 patients, minimiza-
tion of immunosuppressants was done unpre-
dicted because of medication side-effects such 
as renal failure and post-transplant lymphop-
roliferative disorder (PTLD).

From the 25 children with stable clinical con-
ditions during the first two years of LT, 18 
(72%) were boys. Boys constituted 59% (18/34) 
of the group of children with unplanned im-
munosuppressive minimization. Living LT 
was performed in 17/25 (68%) and 11/34 (32%) 
of these groups, respectively. 

Biliary atresia was the most common rea-
son (32%) for LT in patients with successful 
planned immunosuppressant minimization. 
On the other hand, biliary atresia, familial 
progressive intrahepatic cholestasis, and ty-
rosinemia constituted the main reasons (each 
with 17.6%) in the second group of children 
(Table 1). The most prevalent complications 
before LT were cholestasis-related symptoms 
including jaundice and hepatosplenomegaly, 
as well as paresthesia and ascites in the both 
groups (Table 2).

Table 3 indicates post-transplantation compli-
cations in our patients. Overall, infections had 
constituted the most commonly encountered 
post-transplantation complications (22/59, 

Table 2: Pre-transplantation complications in the studied children

Complications Planned immunosuppressive 
(n=25), n (%)

Unplanned immunosuppressive 
(n=34), n (%)

Jaundice 19 (76) 27 (79)

Hepatosplenomegaly 12 (48) 6 (18)

Ascites 10 (40) 4 (12)

Paresthesia 10 (40) 13 (38)

FTT 10 (40) 3 (9)

Encephalopathy 6 (24) 3 (9)

Gastrointestinal bleeding 4 (16) 4 (12)

Hepatomegaly 4 (16) 3 (9)

Coagulopathy 3 (12) 1 (3)

Infection 3 (12) 2 (6)

Spontaneous bacterial peritonitis 2 (8) —

Hepatorenal syndrome 1 (4) —

Low-dose Immunosuppression in Pediatric LT
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37%); 13 (22%) patients developed PTLD. 
These were successfully treated with either 
immunosuppressant minimizing or rituximab 
and chemotherapy. Acute graft rejection was 
observed in 13 of 59 (22%) patients. All the cas-
es were responsive to short-term pulse-thera-
py (n=11), as well as anti-thymocyte globulin 
(ATG) therapy (n=2). Two patients showed el-
evated creatinine levels following LT. One of 
them had urinary reflux to the ureter in the 
right kidney with complete deterioration of re-

nal cortex. Creatinine levels were normalized 
after initiation of TAC-OD. Bone-marrow 
suppression was detected in one patient. All of 
these complications had occurred and resolved 
before initiation of immunosuppressant mono-
therapy. 

In all the patients, laboratory tests showed 
normal range for selected variables after ini-
tiation of TAC-OD and SLR-OD (Table 4).

Table 3: Post-transplantation complications in the studied children

Complications* Planned immunosuppressive
(n=25), n (%)

Unplanned immunosuppressive
(n=34), n (%)

Infections 10 (40) 12 (35)

PTLD† 5 (20) 8 (24)

Acute graft rejection 4 (16) 9 (26)

Biliary complications 2 (8) 3 (9)

Portal vein thrombosis 2 (8) 3 (9)

Seizure 2 (8) 3 (9)

Hepatic arterial thrombosis 1 (4) —

Ascites 1 (4) 1 (3)

Renal complication — 2 (6)

Bone-marrow suppression — 1 (3)
*Complications occurred and resolved before initiation of the modified immunosuppressive therapy 
†Post-lymphoproliferative disorder

Table 4: Pre- and post-transplantation laboratory findings of the studied children. Values are mean±SD.

Parameter
Planned immunosuppressive (n=25) Unplanned immunosuppressive (n=34)

Pre-transplant Post-transplant Pre-transplant Post-transplant

WBC (103/µL) 8.3±4.2 6.8±2.5 8.4±3.9 7.6±3.4

Hemoglobin (g/dL) 10.5±1.8 13.8±1.5 11.1±2.4 13.4±1.7

Platelet (106/µL) 206±150 228±66 207±97 213±67

AST (IU/mL) 238±212 33±13 136±159 33±16

ALT (IU/mL) 161±183 25±13 84±80 26±19

ALP (IU/mL) 1187±684 704±401 1359±968 599±274

TB (mg/dL) 8.5±10.6 0.7±0.4 9.8±12.2 1.0±1.0

DB (mg/dL) 3.3±5.1 0.2±0.2 2.2±4.0 0.3±0.2

Albumin (mg/dL) 4.0±0.6 4.2±0.4 4.0±0.6 4.4±0.4

Na (mg/dL) 141±4 138±2 140±4 139±3

K (mg/dL) 4.2±0.4 4.1±0.3 4.3±0.4 4.2±0.4

INR 1.6±1.4 1.1±0.2 1.6±1.1 1.1±0.1

Cr (mg/dL) 0.5±0.3 0.7±0.2 0.4±0.2 0.6±0.2

PELD score 13.5±6.3 — 16.3±10 —

CHILD score 6.3±1.5 — 6.9±2.4 —
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From the 25 children underwent planned im-
munosuppressant minimization, 19 received 
TAC-OD; six received SLR-OD (mean±SD 
duration of 4.5±1.8 years). Of these, 22 chil-
dren received 1 mg/day TAC or SLR. One pa-
tient received 1 mg TAC therapy every two 
days; another, 1 mg SLR therapy every two 
days. Form 34 children with unplanned im-
munosuppressant minimization, 27 received 
TAC-OD; 7, SLR-OD (mean±SD duration of 
1.3±0.6). From the patients under TAC ther-
apy, 22 received 1 mg/daily; one, 0.5 mg/day; 
one, 0.5 mg every two days; and three, 1 mg 
every two days. From seven children under 
SLR therapy, three received 1 mg/day; and 
four, 1 mg every two days (Table 5). We found 
no adverse events including acute or chronic 
graft rejection, renal insufficiency, infections, 
PTLDs, or cardiovascular thrombotic events 
after immunosuppression conversion.

DISCUSSION 

In the present study, we retrospectively as-
sessed 59 children who were treated with 
TAC-OD and SLR-OD. Of these, 25 children 
received these drugs for at least three years 
(mean±SD of 4.5±1.8 years); 34 children re-
ceived the drugs for a mean±SD of 1.3±0.6 
years. Our results indicated that all 59 chil-
dren who received either TAC-OD or SLR-
OD, had normal range for main laboratory 
findings post-LT. None of the patients showed 
signs of acute or chronic graft rejection in 
the course of monotherapy with these drugs. 

It seems that these two drugs render excel-
lent prognostic value for LT children with 
either stable clinical condition with planned 
long-term (as we observed for those received 
4.4-year therapy) or complicated unplanned 
short-term (as we observed for those received 
1.3-year therapy). 

In a study on 50 children who underwent LT 
and had stable clinical condition, changing 
TAC-BD to TAC-OD regimen was safe and 
effective [10]. Only one patient who experi-
enced chronic rejection following three years 
of TAC dose manipulation, recovered follow-
ing pulse-therapy with 10 mg/kg/day corti-
costeroids [10]. In another study in adult LT 
patients under TAC-BD and TAC-OD, rejec-
tion was observed in 15.2% and 0% of patients, 
respectively [11]. Similar results have been 
reproduced regarding TAC-BD and TAC-OD 
by Weiler, et al [12], and Song, et al [13], in 
adult LT patients. Data from a large European 
study indicated a better prognosis regarding 
both graft and patient survival in LT patients 
who received TAC-OD [14]. In a short-peri-
od of three months following administration 
of TAC-OD regime, all the grafts preserved 
at the end of three months with no increase 
in complications rates and liver enzyme [15]. 
Long-term treatment with mTOR inhibitors 
was associated with no increase in rejection 
rates in adult [16, 17] and pediatric [18] LT 
patients. In another study, Jimenez, et al, re-
ported acute graft rejection in 2/10 children 
under SLR maintenance therapy [19]. Never-
theless, we did not encounter any rejections in 

Table 5: Characteristic of the studied children under planned or unplanned tacrolimus once-daily or sirolimus 
once-daily

Parameter
Planned immunosuppressive 

(n=25)
Unplanned immunosuppressive 

(n=34)

Mean±SD Range Mean±SD Range

Age (yrs) 12.2±5 5–26 10.5±5 2–21

Monotherapy duration (yrs) 4.5±1.8 3–11 1.3±0.6 0.5–2.6

Age at liver transplantation (yrs) 4.5±3.5 0.5–15 5.5±4.3 1–17

Donor age (yrs) 25.8±4 16–32 26±13 2–48

Immunosuppressant drugs (mg/dL)

Tacrolimus 4.34±2.74* 1.3–10.3 4.1±1.7† 1.5–7.9

Sirolimus 6.84±4.63** 1.2–14 3.1±1.3†† 1.8–5.3

*n=19; **n=6; †n=27; ††n=7

Low-dose Immunosuppression in Pediatric LT
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our patients under SLR or TAC therapy. Gen-
erally, both TAC-OD and SLR-OD regimens 
seem to be safe modalities in long term with 
the least risk of graft rejection in pediatrics. 

Renal toxicity is a main concern in TAC-based 
immunosuppressive therapies in LT patients. 
In our survey, we did not identify any evidence 
of renal insufficiency during TAC-OD or SLR-
OD protocols. Nevertheless, creatinine level 
increased significantly at the end of the three 
months (1.1±0.4 mg/dL) in comparison to the 
baseline pre-transplant levels (0.8±0.3 mg/dL) 
in a report by Charco, et al [15]. In parallel to 
our results, renal function preserved follow-
ing three years of TAC-OD administration in 
50 LT children who had stable clinical condi-
tions at the baseline [10]. Occurrence of re-
nal insufficiency may necessitate withdrawing 
TAC-OD protocol in LT patients, as reported 
in 21.8% of patients in a study by Gastaca, et al 
[20]. Accordingly, renal function can also be 
preserved with a reduction in the dose of drug 
in TAC-OD approach [10]. In comparison to 
TAC, which is known to have high nephrotox-
icity, SLR-based therapies are considered safe 
strategies regarding renal heath [16]. Initia-
tion of SLR-based therapy can restore renal 
dysfunction in considerable ratio of children 
and adults with TAC-induced compromised 
renal function [5, 18]. Renal failure is a major 
challenge in TAC-based immunosuppressive 
therapy during post-LT period. Accordingly, 
starting a SLR-based therapy seems to pro-
vide an acceptable long-term modality for pre-
serving renal function in patients. 

Development of PTLDs is another poten-
tial dilemma in organ transplant recipients, 
including LT. Following initiation of either 
TAC-OD and SLR-OD therapeutic regimes, 
we found no new cases of PTLD in our pa-
tients. In a previous report of ours, 40 (6.2%) 
and 13 (1.1%) incidents of PTLDs have been 
reported in pediatric and adult LT patients 
during 2004–2015 [21]. In a recent study, 
we described a negative association between 
TAC serum level and development of post-
transplant PTLD in pediatrics [21]. Overall, 
our findings indicated that either of TAC-OD 
or SLR-OD immunosuppressive regimens are 

not linked to increased risk of PTLDs in one- 
and three-year follow up. However, a strict 
conclusion on this requires monitoring LT pa-
tients for longer periods. 

As immunosuppressive drugs impede the func-
tionality of the immune system, particularly T 
lymphocytes, organ transplant recipients are 
at risk of various infectious diseases [22]. A re-
cent study shows that a higher membrane ex-
pression of inhibitory receptors, Programmed 
Death 1 (PD-1) and T-cell Ig- and mucin-do-
main molecule 3 (Tim-3), in T-lymphocytes 
of LT recipients at pre-operation period is 
associated with higher infectious episodes in 
post-transplantation period [22]. These re-
searchers further show that T lymphocytes 
with high expression of PD-1 and Tim-3 have 
lower capacity for production of INF-γ [22]. 
Nevertheless, a promising feature of TAC can 
be its differential impacts on the function of 
innate and adaptive immunities [23]. In fact, 
it has been demonstrated that TAC can tar-
get cellular activities of T-lymphocytes (i.e., 
cytokine production and cell-mediated im-
munity); however, TAC exerts no significant 
impact on the activities of the innate immu-
nity (myeloid-derived cell and macrophages) 
[23]. Upon optimization of the dose of TAC, 
this feature may role as a corn stone to achieve 
both the least risk of rejection rate by inducing 
immune tolerance and high levels of protec-
tion against pathogens post-transplantation. 
Viral infectious episodes (i.e., cytomegalovi-
rus) post-transplantation can signify the risk 
of chronic graft rejection [24].

A practical procedure toward optimization 
of immunosuppressive therapy can be adjust-
ing the drug dose in the post-transplantation 
period based on mathematical calculations 
(parabolic personalized dosing [PPD]) [1, 
25]. This approach has been applied for TAC 
monotherapy regimen by Zarrinpar, et al [25]. 
On the other hand, personalized dose opti-
mization may also require to consider some 
inter-individual variations such as genetic 
polymorphism affecting TAC metabolism (i.e., 
CYP 3A5 [26, 27], IL-18 [28], or other possi-
ble and unknown genetic modifiers). Further-
more, age and sex of recipients should also be 
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considered in dose adjustment [26]. 

As with other studies on efficiency and safety 
of TAC-OD regime [10, 11], our results may 
not be generalizable to those patients with 
post-transplantation unstable clinical condi-
tions. 

In conclusion, prognosis of TAC-OD and 
SLR-OD monotherapy immunosuppressive 
approaches are excellent and should be re-
garded a possibility for deterring or even 
omitting immunosuppression therapy in or-
gan transplant recipients. This was achieved 
without any signs of acute or chronic graft re-
jections or other adverse complications in our 
experience. Nevertheless, it is a conundrum to 
determine a suitable dose of immunosuppres-
sant for each patient, hindering total omission 
of immunosuppression in LT children. 
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