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SUMMARY
The planned nature of live donor kidney transplantation allows for
immunosuppression to be initiated in the pretransplant period. The aim of
this study was to determine the effect of pre-emptive immunosuppression
on acute rejection rates after live donor kidney transplantation. In two
consecutive cohorts of live donor kidneys transplants, 99 patients received
pre-emptive immunosuppression with tacrolimus monotherapy for 2 weeks
prior to transplantation (PET group – first era) and 100 patients received
tacrolimus-based immunosuppression commencing on the day of transplantation (control group – second era). The main outcome measure was
the incidence of biopsy-proven acute rejection (BPAR) in the first
3 months post-transplantation. Tacrolimus levels were significantly higher
in the PET group at day 4 post-transplant (PET 9.08  4.57 vs. control
5.92  3.64 ng/ml; P < 0.0001), but there were no significant differences
in tacrolimus levels at day 7 (PET 8.22  3.58 vs. control 7.63  3.56 ng/
ml; P = 0.2452). BPAR was numerically higher in the PET group, but this
difference did not reach statistical significance (PET 13/99 vs. control 6/
100; P = 0.097). There were no differences in allograft function measured
by serum creatinine at 1 year (PET 130  36 vs. control 142  69 lmol/l;
P = 0.6829). Graft survival at 1 year was equivalent in both groups (PET
96.9 vs. control 97.0%; P = 0.9915). This study suggests that there is little
role for the use of pre-emptive tacrolimus monotherapy in ABO blood
group and HLA-compatible live donor kidney transplantation in patients
on triple maintenance immunosuppression.
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Introduction
The planned nature of live donor kidney transplantation
allows for a period of pre-emptive immunosuppression,
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and the recent Kidney Disease: Improving Global Outcomes (KDIGO) guidelines advocate this approach [1].
The aim of pre-emptive immunosuppression is to
reduce the rate of early acute rejection, and whilst it
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seems intuitively logical to perform transplantation in
patients who already have therapeutic levels of
immunosuppression, there is no evidence base to support this strategy [2]. A number of different pre-emptive immunosuppressive strategies are possible. In this
study, the use of tacrolimus monotherapy was chosen as
calcineurin inhibitors are the mainstay of modern
immunosuppressive regimens.
Acute rejection in renal transplantation is associated
with reduced graft and patient survival as well as an
increased rate of interstitial fibrosis and tubular atrophy
[3]. Accordingly, the transplant community continues
to strive for therapeutic measures that minimize acute
rejection rates. The incidence of acute rejection in the
first 6 months post-transplant varies according to the
specific immunosuppressive regimen used, with quoted
figures ranging from 3.8% for immunosuppression with
a combination of tacrolimus and mycophenolate mofetil
(MMF), 10.1% for low-dose cyclosporine and 35.3% for
low-dose sirolimus [4–6]. There is good evidence to
support the use of tacrolimus-based immunosuppression in renal transplantation [6], and by 2003, 67% of
new kidney transplant recipients in the United States
were receiving tacrolimus [7].
The aim of this study was to compare the outcome
of live donor kidney transplantation in patients treated
with (PET group) or without (control group) pre-emptive immunosuppression using tacrolimus monotherapy.
The primary end point of the study was biopsy-proven
acute rejection (BPAR) in the first 3 months post-transplant defined by the Banff criteria [8]. Secondary outcomes were tacrolimus levels, allograft function and
allograft survival at 1 year.

Patients and Methods
This was a single-centre nonrandomized comparative
cohort study of living-related and unrelated adult kidney
transplants. The study involved retrospective analysis of
data that were collected using a prospective computerized
database that included demographic, biochemical, haematological, histopathological and graft survival information. Patients receiving pre-emptive immunosuppression
with tacrolimus were reviewed twice per week by a live
donor co-ordinator, and any adverse effects of the therapy
were recorded prospectively.

Inclusion criteria
1. Patients undergoing kidney transplantation from a
live donor.

2. Patients aged ≥18 years old.
3. Patients immunosuppressed with a regimen that
included tacrolimus as the calcineurin inhibitor.
4. Patients receiving induction therapy with basiliximab.

Exclusion criteria
1. Patients who were already receiving immunosuppression for a failing renal transplant.
2. Patients immunosuppressed with cyclosporine as the
initial calcineurin inhibitor.
3. HLA-incompatible renal transplantation because of
pretransplant donor-specific antibodies with mean fluorescence index >1500 and/or a positive flow cytometric
cross-match.
All patients underwent pretransplant HLA antibody
screening at 3 monthly intervals, and pretransplant
immunological cross-matches were performed by flow
cytometry and where necessary using Luminex. Tacrolimus blood levels were performed onsite using an
immunoassay technique (Dimension Xpand, Siemans).
Trough levels were measured immediately before
patients received their 10 a.m. dose of tacrolimus. For
the purposes of this study, the therapeutic range for
tacrolimus was defined as 6.0–12.0 ng/ml. Levels
<6.0 ng/ml were considered subtherapeutic and levels
>12.0 ng/ml were considered to be potentially toxic.
During the study period, a consecutive series of 218
patients received a live donor kidney transplant. In the
first half of the series, the unit policy was to provide
pre-emptive immunosuppression with tacrolimus. The
unit policy then changed to performing live donor renal
transplants with tacrolimus being introduced on the day
of transplantation. Of the initial 218 patients, there were
19 exclusions as follows: seven patients in the PET and
5 in the control group were already receiving immunosuppression for a failing kidney transplant; two patients
in the PET group and five patients in the control group
did not receive tacrolimus in the initial post-transplant
period. The study groups therefore consisted of a series
of 99 patients receiving PET immunosuppression (first
era) and 100 patients in the control group (second era).

Immunosuppressive protocol
In the PET group, tacrolimus was commenced 2 weeks
prior to transplantation and was administered at a dose
of 0.1 mg/kg/day in two divided doses. Tacrolimus
trough blood levels were checked three times per week,
and the therapeutic range was defined as 6.0-12.0 ng/ml.
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In the control group, tacrolimus was commenced on
the day of transplantation at the same dose and with
the same target trough blood levels.
There was no immunological risk stratification in this
series, and the immunosuppressive drug regimen was the
same for patients in the PET and control groups. All
patients received induction therapy with basiliximab
20 mg IV given on the day of transplantation and on the
fourth post-transplant day. All patients also received
500 mg of methylprednisolone IV at induction of anaesthesia. MMF (CellCept, Roche, Welwyn Garden City, UK)
was administered to both groups of patients, starting on
the day of transplantation at a dose of 500 mg bd. Both
groups of patients also received prednisolone at a dose of
20 mg daily in the first post-transplant month, 15 mg
daily in the second post-transplant month, 10 mg daily in
the third post-transplant month and 5 mg daily thereafter.
Cytomegalovirus (CMV) prophylaxis was identical in
both groups throughout the study. Valganciclovir was
used for 100 days if the recipient was CMV-negative
and had received a kidney from a CMV-positive donor.

Graft function and survival
Primary nonfunction was defined as permanent lack of
graft function from the time of transplantation because
of any cause. Initial graft function was defined as ≥10%
fall in serum creatinine on the first postoperative day.
Allograft function was assessed using measurements of
serum creatinine recorded pretransplant, on the first
postoperative day and at 1 week and 1, 3, 6 and
12 months post-transplant. Graft failure was defined as
loss of transplant function necessitating re-transplantation or a return to haemodialysis or peritoneal dialysis.
Patients who died with a functioning graft were censored from the graft survival data.

Biopsy-proven acute rejection
Episodes of acute allograft dysfunction (serum creatinine rise of ≥10% or ≥30 lmol/l) and those patients
who had an early plateauing of creatinine between 120
and 200 lmol/l were investigated by percutaneous needle core biopsy under ultrasound guidance. Surveillance
biopsies were performed routinely at 1 week post-transplant. All transplant biopsies were examined by one of
two experienced consultant histopathologists, and acute
rejection was defined using the Banff criteria [8]. All
BPAR episodes up to 3 months were recorded, as this
was felt to best illustrate any difference in the use of
pre-emptive tacrolimus.
1756

Cost analysis
The acquisition cost of providing pre-emptive tacrolimus therapy was calculated using data obtained from
the hospital renal pharmacy department. The direct
costs of performing tacrolimus trough levels in the preemptive period were also calculated using data from the
in-house tissue typing laboratory. The indirect costs of
pre-emptive immunosuppression, including medical and
laboratory staff time and overheads, were not calculated.

Statistical analysis
Results are presented as mean  standard deviation (SD).
Normality testing was performed using the Kolmogorov–
Smirnov test. For continuous variables, differences
between groups were evaluated using either the Student’s
t-test or the Mann–Whitney U-test as appropriate. Categorical variables were analysed using the chi-squared test
or Fisher’s exact test. Graft survival was estimated using the
Kaplan–Meier method, and differences between groups
were compared using the log-rank statistic. All tests were
two-tailed, and P ≤ 0.050 was considered significant. Bonferroni’s correction was applied to the multiple comparisons (n = 5) of serum creatinine. Each difference in serum
creatinine was therefore tested at a = 0.01.

Results
Demographics
The two study groups were well-matched for patient
demographic details, although there were more HLA
class I mismatches in the control group (Table 1). In
addition, there were more 0-0-0 HLA mismatches in
the PET group (15/99 vs. 5/100; P = 0.0192). There was
no significant difference in the number of parental
donors in the two groups (PET n = 27 vs. control
n = 34; P = 0.3569). There were no differences in the
overall level of antibody sensitization between the two
groups (mean  SD cRF was 7  15 vs. 8  13% for
the PET and control groups, respectively). In the PET
group, 89 recipients were White and 10 were Black or
Asian. In the control group, 87 recipients were White
and 13 were Black or Asian (P = 0.6584; Fisher’s exact).
Kidney weight was significantly higher in the PET
group, but the absolute difference was only 10 g. Anastomosis time was also significantly longer in the PET
group, but the mean time in both groups was ≤30 min
and the absolute difference was only 3 min (Table 2).
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Table 1. Donor and recipient demographics.
Parameter

PET

Control

P value

Donor age (years)
Donor gender (M/F)
Recipient age (years)
Recipient gender (M/F)
Recipient BMI (kg/m2)
Dialysis status (Y/N)
Previous transplant
HLA A + B mismatches
HLA DR mismatches

47  11
43/56
42  12
52/47
25  5
56/43
5
1.5  1
0.8  0.6

48  11
37/63
45  13
59/41
26  4
48/52
6
2.0  1.0
1.0  0.6

0.5159
0.3875
0.2185
0.3933
0.2023
0.2026
0.7674
0.0046
0.0576

Table 2. Transplant details.
Parameter

PET

Control

P value

Kidney weight (g)
Warm ischaemic time (min)
Cold ischaemic time (min)
Anastomosis time (min)
Graft function* (initial/slow)

173  45
43
207  40
30  6
94/5

162  32
42
208  52
27  6
98/2

0.0428
0.0874
0.6979
0.0013
0.2790

*Initial graft function defined as ≥10% fall in serum creatinine on the first postoperative day.

Tacrolimus levels
In the PET cohort of patients, the mean tacrolimus level
at the time of transplantation was 9.5  3.9 ng/ml.
Seventy-six of these patients had therapeutic levels at
the time of transplant (6–12 ng/ml), 19 patients had
levels higher than the therapeutic range (>12 ng/ml)
and only four patients had a subtherapeutic level of
tacrolimus (<6 ng/ml). At 1 week post-transplantation,
there were no differences in mean tacrolimus levels or
the number of patients with levels in the therapeutic
and nontherapeutic ranges (Tables 3 and 4).
Pre-emptive immunosuppression led to a number of
tacrolimus-related side effects in the 2 weeks pretransplant treatment period. Twenty-two patients reported
tremor, and 15 noted warm peripheries. There were no
abnormalities in pretransplant serum potassium or
Table 3. Tacrolimus levels.
Time post-transplant

PET

D1
D4
D7
6/52

9.53
9.08
8.22
8.96

Values are mean  SD.






3.88
4.57
3.58
3.22

Control

P

N/A
5.92  3.64
7.63  3.56
8.50  2.20

–
<0.0001
0.2452
0.2403

blood glucose, and no operations were cancelled or
delayed because of drug side effects.

Biopsy-proven acute rejection
The incidence of BPAR at 3 months was numerically
higher in the PET group, but this did not reach statistical significance (13/99 vs. 6/100; P = 0.097; Table 5).
There were also no significant differences in the incidence of borderline acute rejection, and the overall
rejection rate in the two groups was very similar in the
first 3 months (Table 5). There was only one episode of
antibody-mediated acute rejection, and this occurred in
the PET group (Table 5). The rates of rejection in kidneys from parental and nonparental donors were not
significant in either group (PET: parental kidney BPAR
2/27 vs. nonparental kidney BPAR 11/72, P = 0.5050;
and control: parental kidney BPAR 2/34 vs. nonparental
kidney BPAR 4/66, P = 1.000).
Tacrolimus levels in the first post-transplant week
were not predictive of the development of BPAR in the
first 3 months post-transplantation. In the PET group,
one of 19 patients with BPAR (including borderline
rejection) had subtherapeutic drug levels (<6 ng/ml) in
the first post-transplant week compared with one of 80
patients without BPAR (including borderline rejection)
in the first 3 months (P = 0.3486, Fisher’s exact test).
Similarly, in the control group, subtherapeutic drug
levels in the first week were noted in 4/17 vs. 13/83
patients with or without BPAR in the first 3 months,
respectively (P = 0.4808, Fisher’s exact test).

Post-transplant CMV disease and BK nephropathy
Despite the use of CMV prophylaxis with valganciclovir,
CMV disease developed in two patients in the PET
group and one in the control group (P = 0.612). These
were treated by a reduction in immunosuppression and
intravenous ganciclovir and did not result in any graft
losses. BK viraemia (PCR >5000 copies) was detected in
two patients in the PET group and 5 in the control
group (P = 0.4448). There were no graft losses because
of BK nephropathy.

Graft function and survival
There were no episodes of primary nonfunction, but one
patient in the PET group suffered early graft loss because
of recurrence of focal segmental glomerulosclerosis in the
first week post-transplant. There were no episodes of allograft thrombosis in either group. Initial graft function
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Table 4. Number of patients with subtherapeutic, therapeutic and supra-therapeutic tacrolimus levels.
Time posttransplant

Subtherapeutic
<6.0 ng/ml

Therapeutic
6.0–12.0 ng/ml

Supra-therapeutic
>12.0 ng/ml

4
9
44
14
22
5
2

76
78
50
73
66
86
94

19
12
6
12
12
8
4

D1 pre-emptive
D4 pre-emptive
D4 control
D7 pre-emptive
D7 control
6/52 pre-emptive
6/52 control

Table 5. Biopsy-proven acute rejection (BPAR) episodes in
first 3 months post-transplantation.

BPAR (excl. borderline)
Borderline
BPAR (all types)
Banff 1A
Banff 1B
Banff 2A
Banff 2B
Antibody-mediated rejection

PET

Control

P value

13
6
19
3
3
6
0
1

6
11
17
4
0
1
1
0

0.0970
0.3106
0.7161
1.0000
0.1212
0.0649
1.0000
0.4975

Fisher’s exact test.

occurred in 94/99 patient in the PET group and 98/100
patients in the control group (P = 0.2790; Table 2).
Serum creatinine fall over the first postoperative day was
similar between the two groups (Table 2). There were no
differences in the serum creatinine levels at 1, 3, 6 and
12 months (Table 6) and also no differences in 12-month
allograft survival (PET 96.9 vs. control 97.0%;
P = 0.9915; Fig. 1).

Cost analysis
Patients in the PET group required an average of 3.8
hospital visits to measure tacrolimus levels. The total
additional cost of pre-emptive immunosuppression, in
Table 6. Creatinine levels (lmol/l) post-transplantation.
Creatinine lmol/l
(mean  SD)

PET

1
1
3
6
1

143
129
126
136
130

week
month
months
months
year

1758

Control






83
37
33
39
36

154
136
142
153
142







107
90
63
76
69

P value
0.5020
0.4045
0.1761
0.1562
0.6829

P value
Pre-emptive vs. control
–
–
<0.00001
–
0.3455
–
0.2265

terms of drug and assay expenses, was £287  90 per
patient.

Discussion
This study shows that pre-emptive immunosuppression
with tacrolimus monotherapy for a period of 2 weeks
does not confer any advantages to the recipients of live
donor kidney transplants. A period of pre-emptive
immunosuppression achieved therapeutic tacrolimus
drug levels at the time of transplantation in all but four
of 99 patients, but this did not reduce the rate of BPAR
in the first 3 months post-transplant. This may be
related to the fact that by 1 week post-transplant therapeutic immunosuppressive drug levels were achieved in
a large proportion of the recipients and there were no
statistically significant differences between the two
groups. Although subtherapeutic tacrolimus levels were
present on day 4 post-transplant in significantly more
patients in the control group compared with the preemptive group, this did not influence acute rejection
rates. The use of 500 mg of methylprednisolone administered at induction of anaesthesia provides a potent
level of immunosuppression for a number of days and
this allows sufficient time to achieve therapeutic levels
of tacrolimus, even when these are first administered on
the day of transplantation. Similarly, the use of basiliximab in the first week is likely to have had a protective
effect such that early tacrolimus levels are not predictive
of acute rejection. In a small randomized controlled
trial, Griffin et al. [9] demonstrated that calcineurin
inhibitors do not need to be given for the first 24 h
post-transplant. This delayed administration would further extend the time necessary to reach therapeutic drug
levels, but this did not cause any increase in rejection
episodes.
The triple maintenance immunosuppressive regimen
used in this study included a higher and more
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Probability of Survival

Two groups
Control

100

PET

50

0
0

100

200

300

400

Days elapsed
Control
Treated

0
91
93

3
93

21
91

28
90

35
92

83
89

90
88
91

163

180

89

88

240
87

248
86

270

310

87

86

365
85
85

Number at risk
Figure 1 Renal allograft survival in patients with pre-emptive immunosuppression with tacrolimus (PET;n = 99) and patients starting immunosuppressive therapy on the day of transplantation (control;n = 100). Ticks represent censored events.

prolonged dosage of steroids than is used by some other
units. Prednisolone was maintained at 20 mg daily for
the first post-transplant month and only reduced to the
baseline level of 5 mg daily by 3 months post-transplant. It is possible that pre-emptive tacrolimus
monotherapy is useful in patients where steroids are
withdrawn early, and this might form the basis of further study or a clinical trial in the future. The MMF
dosage of 500 mg b.d. in this study was lower than the
commonly used dosage of 1 g b.d. employed in many
units. This was chosen against the background of using
a more prolonged steroid taper in an attempt to balance
the overall burden of immunosuppression.
We were surprised to find a paucity of literature in this
field. We carried out MEDLINE, EMBASE and Cochrane
Library searches up to 26 April 2020 using the search
terms ‘pre-emptive’, “pre emptive” “immunosuppression”, “immunosuppressive” “immunosuppressant”
“tacrolimus” “living donor” “kidney transplantation” and
“renal transplantation” but did not identify any relevant
clinical studies. In a nonsystematic literature search, one
xenotransplantation animal study suggested a beneficial
effect of pre-emptive tacrolimus on the incidence of
hyperacute rejection [10]. Several in vitro studies have
suggested beneficial effects of pre-emptive tacrolimus on
T-cell activity [11] and glucose metabolism [12], but
these studies lack clinical correlation.
The administration of tacrolimus pre-emptively for a
sustained period of 2 weeks may theoretically have a

negative impact on initial graft function, owing to its
nephrotoxic properties, if supra-therapeutic levels are
achieved. Nonetheless, using the criterion of fall in
serum creatinine by 10% in the first 24 h [13], we did
not observe any difference in the rates of initial or slow
graft function.
Pre-emptive immunosuppression has been used routinely in ABO blood group-incompatible patients and
those with HLA antibody-incompatible kidney transplants [14–16]. In addition, some centres have reported
starting immunosuppressive agents the day before or
administering two doses orally prior to transplantation
[17,18], but we were unable to find comparative studies
of pre-emptive immunosuppression for a period of
2 weeks prior to routine live donor kidney transplants.
The series described here is a comparative cohort
study from a consecutive series of transplants other than
the exclusions described. Although patients were not
randomized to pre-emptive immunosuppression or standard treatment, the numbers of patients studied should
be sufficient to make valid conclusions. Data collection
was complete for all patients, and selection bias was
minimized because the two cohorts were consecutive
series. The two study groups were well-matched for
demographic and donor details, and although there were
differences in HLA mismatching, if this had any effect, it
should have been to bias against the control group not
receiving pre-emptive immunosuppression. Moreover,
the effect of HLA matching in live donor kidney
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transplantation is still debated. A comprehensive study,
undertaken on behalf of the Kidney Advisory Group of
NHS Blood and Transplant, demonstrated that HLA
matching was not a significant factor in graft survival
after living donor kidney transplantation [19]. In contrast, data from the international collaborative transplant
study suggest that HLA compatibility does affect the
outcome of live unrelated kidney transplants [20].
Modern immunosuppressive therapy was used in the
patients in this study, with tacrolimus as the primary
immunosuppressant for the prevention of graft rejection. The addition of induction with basiliximab, along
with MMF and steroids, represents one of the most
common regimens used in transplantation in the UK
and is in line with the recommendations of the National
Institute of Clinical Excellence [21]. The use of triple
immunosuppressive therapy achieves good patient and
graft survival with a lower incidence of BPAR (44% vs.
27%) compared with dual immunosuppression using
tacrolimus and prednisolone alone [22].
Tacrolimus has a narrow therapeutic index and a
highly variable oral bioavailability among individuals
[23]. Pre-emptive administration might improve optimization and efficacy, but there was no evidence for this
in the current study. The use of pre-emptive immunosuppression does have its disadvantages, including an
increased workload for unit staff and increased costs for
drugs and drug assays. In this study, the mean increased
cost of tacrolimus monotherapy for 2 weeks was just
under £290.
The rate of BPAR in the control group not receiving
pre-emptive immunosuppression was extremely low at

6%. The biopsy regimen employed in the unit was rigorous, and it is unlikely that clinically significant episodes of acute rejection were missed. A limitation of
the study is that it only examined the effect of
immunosuppressive monotherapy with tacrolimus.
Whilst it is theoretically possible that full immunosuppression with tacrolimus, MMF and steroids might
have had a greater effect, in reality it would be difficult to improve on the very low incidence of BPAR in
the control group. In conclusion, this study suggests
that there is little role for the use of pre-emptive
immunosuppression with tacrolimus monotherapy in
patients receiving triple maintenance immunosuppression after ABO- and HLA-compatible live donor kidney transplantation.
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