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Background.Nonadherence to immunosuppressants is associated with rejection and allograft loss. Intrapatient variability (IPV)
of immunosuppression levels is a marker of nonadherence. This study describes the impact of IPV of tacrolimus levels in patients
receiving a tacrolimus monotherapy immunosuppression protocol.Methods.We retrospectively analyzed the outpatient tacro-
limus levels of kidney-only transplant patients taken between 6 and 12 months posttransplant. IPV was determined using the co-
efficient of variance.Results.Six hundred twenty-eight patients with amean number of 8.98 ± 3.81 tacrolimus levels and amean
follow-up of 4.72 ± 2.19 years were included. Multivariate analysis showed death was associated with increasing age (1.04 [1.01-
1.07], P = 0.0055), diabetes at time of transplant (2.79 [1.44-5.41], P = 0.0024), and rejection (2.34 [1.06-5.19], P = 0.036). Var-
iables associatedwith graft loss included the highest variability group (2.51 [1.01-6.27], P = 0.048), mean tacrolimus level less than
5 ng/mL (4.32 [1.94-9.63], P = 0.0003), a high clinic nonattendance rate (1.10 [1.01-1.20], P = 0.03), and rejection (9.83 [4.62-
20.94], P < 0.0001). Independent risk factors for rejection were de novo donor-specific antibody (3.15 [1.84-5.39], P < 0.0001),
mean tacrolimus level less than 5 ng/mL (2.57 [1.27-5.19], P = 0.00860, and a high clinic nonattendance rate (1.11 [1.05-1.18],
P = 0.0005). Conclusions. This study shows that high tacrolimus IPV and clinic nonattendance are associated with inferior al-
lograft survival. Interventions tominimize the causes of high variability, particularly nonadherence are essential to improve long-term
allograft outcomes.

(Transplantation Direct 2017;3: e192; doi: 10.1097/TXD.0000000000000710. Published online 7 June, 2017.)
Nonadherence to immunosuppressive medication is as-
sociated with transplant rejection and allograft loss.1,2

Nonadherence can start at any time after transplantation,
sometimes within weeks but also after many months or
years.3-5 A prospective cohort study by Massey and col-
leagues5 identified that self-reported nonadherence to immu-
nosuppression medication increased significantly between
6 weeks, 6 months and 18 months posttransplant from 17%
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at 6 weeks to 27% at 6 months and to 31% at 18 months.
Therefore, it is likely that nonadherence to immunosuppres-
sion is identified too late in many cases, especially given its
often-insidious onset and difficulty in measurement.

There are many methods of assessing patient adherence to
prescribed immunosuppressive medications, and in clinical
practice, a combination of different methods need to be used
to accurately determine adherence.3,6-8 The method most
commonly used is the monitoring of immunosuppression
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trough levels. The variability of serial trough levels in any
1 patient, defined as intrapatient variability (IPV), can be af-
fected by a number of factors including nonadherence; there-
fore, it may allow the assessment of adherence over a given
period withmore accuracy.9-14 Objectively measuring outpa-
tient clinic nonattendance in addition to the variability of a
patient’s immunosuppression levels could provide 2 simple,
cheap and effective tools easily used by transplant clinicians
to identify a patient at risk of nonadherence. Immunosup-
pression levels are usually maintained within a transplant
unit's protocol range; however, patients’ levels may lie out-
side of this range for various reasons, including clinician non-
adherence to protocol. The variability of levels in association
with the protocol range may allow assessment of clinician
nonadherence in addition to patient nonadherence.

Tacrolimus monotherapy regimens have been used as
simple and cheap immunosuppression regimens to im-
prove patient adherence and reduce the incidence of ad-
verse effects associated with more complex dual or triple
immunosuppression regimens. However, it could make pa-
tients more vulnerable to the adverse outcomes of nonadher-
ence because they are not offered any protection by other
immunosuppressants if a dose of tacrolimus is missed. To
our knowledge, there are no previously reported studies ana-
lyzing the clinical impact of IPVof tacrolimus in patients re-
ceiving tacrolimus monotherapy regimens. Thus, the aim of
this study is to determine the effect of IPV, mean tacrolimus
levels, and outpatient clinic nonattendance on allograft out-
comes in a cohort of patients receiving a tacrolimus mono-
therapy maintenance immunosuppression protocol.
MATERIALS AND METHODS

We retrospectively analyzed patients who received a
kidney only transplant between November 2005 and
December 2012. All patients included in this study received
their kidney transplant and maintained their regular follow-
up outpatient appointments at the Imperial College Renal
and Transplant Centre. Antibody incompatible, early techni-
cal failures and patients who received induction with an
interleukin-2 receptor blocker were excluded. Patients had to
be transplanted for at least 1 year to be included in the analy-
sis. Clinical data were extracted from a prospectively collected
transplant database. Data on clinic nonattendance were ob-
tained from the integrated computerised hospital information
system. Patients were followed up until graft loss, patient
death, or time of data analysis up to a maximum of 8 years.

Seven hundred twenty-nine patients were included in the
preliminary analysis. The patient cohort was then further re-
fined, and the following patients were excluded: patients who
died or lost their graft within the first 6 months and patients
who transferred out of the unit or had no outpatient levels in
6 to 12months posttransplant (16 patients); patients who de-
veloped rejection in the first 6 months (85 patients). Six hun-
dred twenty-eight patients remained for the final analysis.

All patients received alemtuzumab induction (30 mg
postoperatively) and tacrolimus monotherapy (Prograf or
Adoport) with a steroid sparing protocol. Methylpredniso-
lone 500 mg intravenously was administered before surgery
and tacrolimus was started at a dose of 0.05 mg/kg twice a
day to achieve a target level of 5 to 8 ng/mL. Tacrolimus
levels were measured by the Imperial College Renal and
Transplant Centre therapeutic drug monitoring laboratory
using the liquid chromatography with tandem mass-
spectrometric detection technique. Patients received steroids
for 1 week only (hydrocortisone 100 mg twice a day intrave-
nously until able to swallow then prednisolone 30mg twice
a day until day 4, reduced to 30 mg once a day until day 7,
then stopped). Patients maintained on oral prednisolone
before the transplant reverted to their original maintenance
dose at day 7.

All out-patient tacrolimus trough levels measured between
6 and 12 months posttransplant were included in the analysis.
Patients who developed rejection during the 6- to 12-month
period of analysis only had their tacrolimus levels before the
rejection episode included in the analysis (they were censored
at this point as tacrolimus levels are increased to achieve a tar-
get level of 8 to 12 ng/ml with the addition of mycophenolate
to treat the rejection). IPVwas determined using the coefficient
of variance (COV) which is defined as9:

IPV ¼ COV ¼ Standarddeviation
Mean

� 100

When comparing the IPVof tacrolimus trough levels to allo-
graft outcomes, the “highest variability” (HHV) patients,
“high variability” (HV) patients, “low variability” (LV)
patients, and “lowest variability” (LLV) patients were de-
termined by the median COV and corresponding inter-
quartile range (IQR) where HHV > third quartile of COV,
HV>medianCOV< thirdquartile ofCOV,LVwas≤median
COV > first quartile of COV, and LLV < first quartile of
COV, as shown below:

When analyzing the effect of IPV and mean tacrolimus
trough levels or outpatient clinic nonattendance on allo-
graft outcomes, HV was defined as COV > median of the
overall cohort, and LV was defined as COV ≤ median of
the overall cohort.

All rejection episodes were biopsy proven and were classi-
fied by Banff '07 criteria.15 Transplant glomerulopathy (TG)
was defined as the presence of double contours by LM in the
absence of immune complex deposition by immunofluores-
cence and/or electron microscopy. De novo donor-specific
antibodies (DSA) were tested for on both routine screening
and at times of allograft dysfunction. A de novo DSA with
anMFI greater than 500 on 2 separate occasions was consid-
ered positive. Graft loss was defined as a loss of kidney func-
tion requiring dialysis or retransplantation.
Statistical Analysis

All statistics were performed using the MedCalc statisti-
cal software package version 14.10.2 (Medcalc software,
Belgium). Comparisons of means and frequencies of nor-
mally distributed variables were calculated using t tests and
the χ2 test; nonparametric variables were analyzed by the
Mann-Whitney U test. Kaplan-Meier survival analysis was
used to calculate time of event from transplant, and signifi-
cance was determined by log rank testing. Multivariate
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TABLE 1.

Patient demographics by COV group

“Highest” COV HHV,
N = 157 (%)

“High” COV HV,
N = 157 (%)

“Lowest” COV LLV,
N = 157 (%)

“Low” COV LV,
N = 157 (%) P

Sex Male 105 (66.88) 104 (66.24) 109 (69.43) 95 (60.51) 0.40
Female 52 (33.12) 53 (33.75) 48 (30.57) 62 (39.49)

Ethnicity African-American 29 (18.47) 25 (15.92) 17 (10.83) 24 (15.29) 0.51
White 66 (42.04) 61 (38.85) 81 (51.59) 68 (43.31)

Indoasian 55 (35.03) 61 (38.85) 51 (32.48) 56 (35.67)
Other 7 (4.46) 10 (6.37) 8 (5.10) 9 (5.73)

Age Mean, y 49.88/13.40 49.98/13.31 48.33/13.35 48.53/13.68 0.58
Cause of ESRD APKD 16 (10.19) 25 (15.92) 25 (15.92) 23 (14.65) 0.63

DM 32 (20.38) 24 (15.29) 20 (12.74) 27 (17.20)
GN 38 (24.20) 34 (21.66) 36 (22.93) 45 (28.66)
Other 14 (8.92) 18 (11.46) 10 (6.37) 13 (8.28)

Unknown 47 (29.94) 46 (29.30) 53 (33.76) 38 (24.20)
Urological 10 (6.37) 10 (6.37) 13 (8.28) 11 (7.01)

Diabetes Yes 41 (26.11) 33 (21.02) 28 (17.83) 37 (23.57) 0.33
No 116 (73.89) 124 (78.98) 129 (82.17) 120 (76.43)

Preemptive Yes 26 (16.56) 27 (17.20) 44 (28.03) 46 (29.30) 0.0059
No 131 (83.44) 130 (82.80) 113 (71.97) 111 (70.70)

Graft number First 141 (89.81) 149 (94.90) 143 (91.08) 139 (88.54) 0.34
≥Second 16 (10.19) 8 (5.10) 14 (8.92) 18 (11.46)

Graft type Living donor 70 (44.59) 59 (37.58) 78 (49.68) 82 (52.23) 0.048
Deceased donor 87 (55.41) 98 (62.42) 79 (50.32) 75 (47.77)

Sensitized Yes 42 (26.75) 29 (18.47) 34 (21.66) 34 (21.66) 0.36
No 115 (73.25) 128(81.53) 123 (78.34) 123 (78.34)

HLA mismatch Median (IQR) 3 (2-4) 4 (2-4) 3 (2-4) 3 (2-4) 0.40

ESRD, end stage renal disease.

APKD, adult polycystic kidney disease; DM, diabetes mellitus; GN, glomerulonephritis.
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analyses were performed using Cox regression methods. A
P value less than 0.05 was deemed statistically significant.
RESULTS

Six hundred twenty-eight patientswith a combined total of
5638 outpatient tacrolimus levels were used for the final
analysis. The mean number of tacrolimus levels for each pa-
tient studied was 8.98 ± 3.81, with an overall mean trough
tacrolimus level of 6.95 ± 1.53 ng/mL. The mean follow-up
of all patients included in the study was 4.72 ± 2.19 years.

The median COV of the trough tacrolimus levels for the
whole group was 18.15% (IQR, 13.45-25.27%). Patients
in the upper quartile with a COV greater than 25.27%, were
defined as having theHHV, whereas patients whose COV fell
between the median and the upper quartile with a COV be-
tween 18.15%and 25.27%were defined as having aHV. Pa-
tients whose COV fell between the median and the lower
quartile with a COV between 13.45% and 18.15%were de-
fined as having LV and patients in the lower quartile with a
TABLE 2.

Mean tacrolimus levels for the HHV, HV, LLV and LV groups

HHV

Maximum tacrolimus level (absolute) 33.2
Minimum tacrolimus level (absolute) 1.00
Mean tacrolimus level 7.09 ± 1.98
Mean number of samples (per patient) 9.97 ± 4.26
COV less than 13.45% were defined as having the LLV.
Table 1 shows the patient demographics of the 4 different
COV groups. There were no differences between the HHV,
HV, LV, and LLV groups. There was a higher percentage of
patients in the LV and LLV groups compared with those in
the HV and HHV groups who received a preemptive trans-
plant (LLV, 28.03%; LV, 29.30% vs HV, 17.20%; HHV,
16.56%; P = 0.02). Table 2 shows the minimum, maximum,
and mean tacrolimus levels for each of the groups. Similar
mismatch scores at HLA A, B, Cw, DR, and DQ were found
between the HHV, HV, LV, and LLV groups, and there was
no significant difference in the overall DQ DSA-free survival
of those patients with 1 or more DQ antigen mismatch be-
tween the variability groups (P = 0.47). Tables showing the
HLA mismatch scores and DQ DSA-free survival can be
found in the SDC, http://links.lww.com/TXD/A48.

Patient and Allograft Outcomes by COV

Patient survival was inferior in the HHV group compared
with those in the LV group at 83.2% and 92.7%, respectively
HV LLV LV

22.0 14.2 15.20
2.30 2.70 2.20

6.82 ± 1.42 6.91 ± 1.27 7.00 ± 1.35
9.69 ± 4.12 7.24 ± 2.72 9.02 ± 3.36
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FIGURE 1. Patient survival by COV group. Patient survival was infe-
rior in the HHV group compared with those in the LV group at 83.2%
and 92.7%, respectively (P = 0.017), with a trend to inferior survival
compared with both the HV and LLV groups with a survival of
93.2% (P = 0.053) and 91.6% (P = 0.08), respectively.

FIGURE 3. Rejection-free survival byCOVgroup.Overall rejection-free
survival was inferior in the HHV group compared with the LLV group
at 77.7% and 89.7%, respectively (P = 0.023). There was no statisti-
cal difference in rejection-free survival between the HHV group and
either of the HV or LV groups at 85.0% (P = 0.11) and 85.4%
(P = 0.22), respectively.
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(P = 0.017), with a trend to inferior survival compared with
both the HV and LLV groups with a survival of 93.2%
(P = 0.053) and 91.6% (P = 0.08), respectively, as shown in
Figure 1. There were no significant differences in the causes
of death between the 4 groups. Censored allograft survival
was significantly reduced in patients in the HHV group.
Figure 2 shows that allograft survival was 77.2% in the
HHV group, 89.5% in the HV group (P = 0.011), 89.4%
in the LV group (P = 0.051), and 93.4% in the LLV group
(P = 0.042). There were no significant differences in the
causes of allograft loss between the 4 groups. Detailed tables
showing the causes of death and allograft failure are shown
in the SDC, http://links.lww.com/TXD/A48.

Overall rejection-free survival was inferior in the HHV
group compared with the LLV group at 77.7% and 89.7%,
respectively (P = 0.023) as shown in Figure 3. Antibody-
mediated rejection (AMR)-free survival was no different
between the groups. However, acute cellular rejection
(ACR)-free survival was inferior in the HHV group at
FIGURE 2. Death-censored allograft survival by COV group.
Censored allograft survival was significantly reduced in patients
in the HHV group. Compared with an allograft survival of 77.2%
in the HHV group, patients in the HV group had an 89.5% survival
(P = 0.011) and in the LV and LLV group allograft survival was
89.4%, P = 0.051 and 93.4%, respectively (P = 0.042).
80.4% compared with either the HV group at 89.6%
(P = 0.057) and the LLV group at 92.6% (P = 0.01).
HHV patients were more likely to develop a de novo
DSA than LLV patients, with a de novo DSA-free survival
of 73.0% and 88.3%, respectively (P = 0.042).

Effect of IPV and Mean Tacrolimus Levels
on Allograft Outcomes

The impact of mean tacrolimus level in conjunction with
variability was subsequently analyzed. Five hundred twenty-
eight (84.1%) of 628 patients had a mean tacrolimus level
within our target range of 5-8 ng/mL, 248 (47.0%) of these
528 patients were classified as having HV, as shown in
Table 3. Fifty-two (8.3%) of 628 patients had a mean ta-
crolimus level less than 5 ng/mL and 34 (65.3%) of these
52 patients were classified as HV. Forty-eight (7.6%) of
628patients had amean tacrolimus level greater than 9ng/mL,
of which 32 (66.7%) 48 were HV. There were no differences
between the less than 5 ng/mL, 5 to 8 ng/mL, and greater than
9 ng/mL groups, with the exception that there were more pa-
tients who had diabetes at the time of transplant in the greater
than 9 ng/mL group compared with the other 2 groups. The
analysis is shown in the SDC, http://links.lww.com/TXD/A48.

Allograft outcomes by mean tacrolimus level and variabil-
ity are shown in Tables 4 and 5. There was no difference in
overall patient survival between the groups. A detailed table
showing the cause of death in each group is shown in the
SDC, http://links.lww.com/TXD/A48.

Allograft survival in the LV less than 5 ng/ml was signifi-
cantly lower than the LV 5 to 8 ng/mL group, 49.6% com-
pared with 94.6% (P < 0.0001) and independently lower
than allograft survival in the LV greater than 9 ng/mL group
at 100.0% (P = 0.019), as shown in Figure 4. A significant
majority of patients in the less than 5 ng/mL group lost their
graft due to rejection at 9 (17.31%) of 52, compared with 12
(2.27%) of 528 of the 5- to 8-ng/mL group, P < 0.0001 and 1
(2.08%) of 48 of the greater than 9 ng/mL group (P = 0.017).
Allograft survival was also significantly lower in the HV less
than 5 ng/mL group at 60.8% compared with HV 5 to
8 ng/mL group at 88.3% (P = 0.0032). Details of the causes
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TABLE 3.

Number of patients by mean tacrolimus (FK) level group

Mean tacrolimus group <5 ng/mL 5-8 ng/mL >9 ng/mL

No. patients in each “mean tacrolimus group” 52 528 48
Mean tacrolimus level within group 4.37 ± 0.61 6.91 ± 0.98 10.22 ± 1.35
Significance of difference in mean tacrolimus levels between the groups <0.001
Variability within each “mean tacrolimus group” HV < 5 LV < 5 HV5-8 LV5-8 HV > 9 LV > 9
No. patients in each “mean tacrolimus/variability” group 34 18 248 280 32 16
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of allograft failure in each of the subgroups are shown in the
SDC, http://links.lww.com/TXD/A48.

Rejection-free survival in the LV less than 5 ng/mL group
at 61.9% was inferior compared with the LV 5 to 8 ng/mL
group at 89.0% (P = 0.0003). AMR-free survival was also in-
ferior in the LV less than 5 ng/mL group compared with the
LV 5 to 8 ng/mL group, with an AMR-free survival of
77.8% and 97.6%, respectively (P < 0.0001) and indepen-
dently inferior to AMR-free survival in the LV greater than
9 ng/mL group at 100% (P = 0.049), as shown in Figure 5.
In de novo DSA-free survival, the HV greater than 9 ng/ml
group were more likely to develop DSA compared with the
LV greater than 9 ng/mL group, with a DSA-free survival of
52.6% and 93.8%, respectively (P = 0.0499). There also ap-
peared to be a higher risk of DSA development in the HV
greater than 9 ng/mL group compared with the HV 5 to
8 ng/mL group, with a DSA-free survival of 52.6% and
78.8%, respectively (P = 0.041) as shown in Table 4.
TG-free survival in the LV less than 5 ng/mL group at
70.8% was inferior to the LV 5 to 8 ng/mL group at 97.7%
(P < 0.0001) as shown in Table 4.

Multivariate Analysis of Factors Associated With
Patient Death, Allograft Failure and Rejection

To determine if mean tacrolimus levels and COV were in-
dependent risk factors for death and allograft loss, a multi-
variate analysis was performed. Variables considered in the
model included: age, ethnicity, gender, diabetes at time of
transplant, transplant type, preemptive status, the total mis-
match (ABDR), degree of presensitization, de novo DSA,
TABLE 4.

Comparison of allograft outcomes by variability (HV/LV) and mea

Outcomes LV < 5 (%) LV 5-8 (%) LV > 9 (%)

Patient survival 81.0 94.1 85.1
Graft survival 49.6 94.6 100.0
Rejection-free survival 61.9 89.0 87.5
ACR-free survival 81.0 90.4 87.5
AMR-free survival 77.8 97.6 100.0
TG-free survival 70.8 97.7 92.9
DSA-free survival 72.2 82.9 93.8

HV < 5 (%) HV 5-8 (%) HV > 9 (%)
Patient survival 79.7 90.6 81.7
Graft survival 60.8 88.3 91.4
Rejection-free survival 68.6 82.3 92.0
ACR-free survival 78.5 85.4 92.0
AMR-free survival 89.2 96.0 100.0
TG-free survival 88.8 94.4 100.0
DSA-free survival 71.6 78.8 52.6
rejection, mean tacrolimus levels, COV and frequency of
clinic nonattendance. Donor-related factors were not in-
cluded in the analysis because our exclusion criterion of al-
lograft failure and rejection in the first 6 months
posttransplant appeared to diminish their impact on allo-
graft survival, as shown in the SDC, http://links.lww.
com/TXD/A48.

The independent variables shown to be associated with
death were increasing age (1.04 [1.01-1.07], P = 0.0055), dia-
betes at time of transplant (2.79 [1.44-5.41], P = 0.0024), and
rejection (2.34 [1.06-5.19], P = 0.036), whereas mean tacroli-
mus level greater than 9 ng/mL (2.29 [0.95-5.48], P = 0.06)
and sensitized patients (2.07 [0.94-4.54], P = 0.069) showed
a trend toward an increased risk of death.

The factors which were retained in the model and signif-
icantly associated with graft loss are shown in Table 6
and include: the HHV group (2.51 [1.01-6.27], P = 0.048),
mean tacrolimus level less than 5 ng/mL (4.32 [1.94-9.63],
P = 0.0003), a high clinic nonattendance rate (1.10 [1.01-
1.20], P = 0.03), rejection (9.83 [4.62-20.94], P < 0.0001),
increasing age (1.03 [1.00-1.06],P = 0.024), live donor trans-
plant (2.33 [1.04-5.24], P = 0.04), and diabetes at the time of
transplant (2.19 [1.02-4.70], P = 0.044), whereas female sex
(0.37 [0.16-0.85], P = 0.019) appeared to be protective. Pres-
ence of de novo DSA (2.12 [0.97-4.62], P = 0.0598) showed
a trend towards an increased risk of graft loss and being
nonsensitized [0.29(0.08-1.11), P = 0.0703] showed a trend
toward protecting against the risk of graft loss.

A further multivariate analysis was performed to deter-
mine independent risk factors for rejection. Variables
n FK (<5, 5-8, >9 ng/mL) groups

P, LV < 5 v LV5-8 P, LV5-8 v LV > 9 P, LV < 5 v LV > 9

0.17 0.23 0.99
<0.0001 0.38 0.019
0.0003 0.74 0.17
0.60 0.60 0.99

<0.0001 0.55 0.049
<0.0001 0.09 0.10
0.059 0.35 0.086

P, HV < 5 v HV5-8 P, HV5-8 v HV > 9 P, HV < 5 v HV > 9
0.19 0.066 0.64
0.0032 0.75 0.19
0.25 0.18 0.085
0.80 0.29 0.36
0.12 0.31 0.10
0.19 0.29 0.11
0.34 0.041 0.43
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TABLE 5.

Comparison of allograft outcomes by variability (HV/LV) and
mean FK (<5, 5-8, >9 ng/mL) groups

Outcome LV < 5 (%) LV 5-8 (%) LV > 9 (%)

Patient survival 81.0 94.1 85.1
Graft survival 49.6 94.6 100.0
Rejection-free survival 61.9 89.0 87.5
ACR-free survival 81.0 90.4 87.5
AMR-free survival 77.8 97.6 100.0
TG-free survival 70.8 97.7 92.9
DSA-free survival 72.2 82.9 93.8

HV < 5 (%) HV 5-8 (%) HV > 9 (%)
Patient survival 79.7 90.6 81.7
Graft survival 60.8 88.3 91.4
Rejection-free survival 68.6 82.3 92.0
ACR-free survival 78.5 85.4 92.0
AMR-free survival 89.2 96.0 100.0
TG-free survival 88.8 94.4 100.0
DSA-free survival 71.6 78.8 52.6

P, LV < 5 v HV < 5 P, LV 5-8 v HV 5-8 P, LV > 9 v HV > 9
Patient survival 0.83 0.17 0.56
Graft survival 0.46 0.34 0.27
Rejection-free survival 0.26 0.058 0.50
ACR-free survival 0.92 0.11 0.50
AMR-free survival 0.13 0.34 0.26
TG-free survival 0.12 0.23 0.25
DSA-free survival 0.55 0.55 0.05

FIGURE 5. AMR-free survival by mean tacrolimus and variability
level. AMR-free survival was also inferior in the LV less than 5 ng/mL
group compared with the LV 5 to 8 ng/mL group, with an AMR-free
survival of 77.8% and 97.6%, respectively (P < 0.0001).
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considered in the analysis are as described for the allograft
loss model. We subsequently found that the factors associ-
ated with allograft rejection included: presence of a de novo
DSA (3.15 [1.84-5.39],P < 0.0001), mean tacrolimus level less
than 5 ng/mL (2.57 [1.27-5.19], P = 0.0086) and a high clinic
nonattendance rate (1.11 [1.05-1.18], P = 0.0005).

Outpatient Clinic Attendance

Themean number of clinic nonattendanceswas 3.79 ± 3.61,
and the median was 3 (range, 0-22). Patients with a HVof
tacrolimus levels were significantly more likely not to
FIGURE 4. Allograft survival by mean tacrolimus and variability level.
Allograft survival in the LV less than 5 was significantly lower than the
LV 5 to 8 ng/mL group, 49.6% compared with 94.6% (P < 0.0001),
and independently lower than allograft survival in the LV greater than
9 ng/mL group at 100.0% (P = 0.019).
attend their outpatient appointments as shown in
Figure 6; the median number of nonattendances was 4
(range, 0-22) in the HV group and 2 (range, 0-17) in the
LV group (P < 0.0001).

Patients who developed rejection, a DSA, or lost their
graft had a significantly higher number of outpatient non-
attendances than those patients who did not develop rejec-
tion, a DSA or lose their graft as shown in Table 7.
DISCUSSION

This study shows that patients with HV of tacrolimus
trough levels and clinic nonattendance are at increased risk
of rejection and graft loss when maintained on a tacrolimus
monotherapy immunosuppressive regimen after kidney trans-
plantation. This adds to the now significant evidence that high
IPVs, regardless of etiology, are associated with adverse
outcomes in both cyclosporin and tacrolimus treated pa-
tients.9,11-14,16 In a study using cyclosporin, Kahan et al13

found the incidence of chronic rejection was less in patients
with a low IPVat 24% compared with 40% in patients with
a high IPV. Waiser et al12 found that patients with a higher
cyclosporin IPV experienced a greater incidence of acute re-
jection, reduced 5-year graft survival and worse serum creat-
inine levels. In addition, patients with low cyclosporin levels
TABLE 6.

Multivariate analysis of factors associated with allograft
failure

Covariates OR 95% CI P

Age 1.0312 1.0041-1.0591 0.0239
Diabetes at time of transplant 2.1932 1.0231-4.7017 0.0435
De novo DSA 2.1174 0.9695-4.6247 0.0598
HHV tacrolimus group 2.5135 1.0073-6.2716 0.0482
Mean tacrolimus level <5 ng/ml 4.3208 1.9380-9.6335 0.0003
Nonsensitized 0.2918 0.0769-1.1076 0.0703
Recipient gender female 0.3651 0.1571-0.8482 0.0191
Rejection 9.8297 4.6152-20.9357 <0.0001
Total visits nonattended 1.1013 1.0097-1.2014 0.0295
Live donor transplant 2.3318 1.0373-5.2416 0.0405

http://www.transplantationdirect.com


FIGURE 6. Comparison of clinic nonattendances by HV and LV. Pa-
tients with a HV of tacrolimus levels were significantly more likely not
to attend their outpatient appointments; the median number of non-
attendances was 4 (range, 0-22) in the HV group and 2 (range, 0-17)
in the LV group (P < 0.0001).
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experienced higher rates of acute rejection and inferior 5-year
allograft survival, and they suggested that improving long-
term allograft survival required a sufficiently high mean cyclo-
sporin level in conjunction with a low IPV. Studies on the IPV
of tacrolimus levels have also been published in renal trans-
plantation, with Borra et al9 showing that high IPVof tacroli-
mus levels was associatedwith graft failure andWhalen et al14

showing that high IPVof tacrolimus levels was associated with
increased risk of rejection and graft loss. Patients in the Borra
study also received long termmycophenolate and 3months of
prednisolone, whereas patients in the Whalen study received
long-term mycophenolate and prednisolone. As both studies
reported inferior graft survival in association with a HV
of tacrolimus levels, mycophenolate does not confer sig-
nificant protection in the presence of high tacrolimus var-
iability. High IPV has also been shown to be associated
with late acute rejection and allograft loss in the paediat-
ric literature.10,16

We also show that patients are at increased risk of develop-
ing rejection or losing their graft if their mean tacrolimus levels
are low (<5 ng/mL). There are no randomized controlled trials
comparing different therapeutic ranges of tacrolimus trough
levels postkidney transplant. The Symphony Study team17 re-
ported superior outcomes in the low dose tacrolimus arm (tar-
get range, 3-7 ng/mL) of their studywhen used in combination
with mycophenolate mofetil (MMF) compared with those pa-
tients receiving either cyclosporin or sirolimus; however, the
mean tacrolimus levels at month 12 were 6.4 ± 2.4 ng/mL
and at month 36 were 6.5 ± 2.3 ng/mL which would not be
considered particularly low. A provisional report published
TABLE 7.

Allograft outcomes by frequency of clinic nonattendance

DNAs and cancellations GL No GL

Range 0-13 0-22
Median 5 3
IQR 2.5-8.5 1-6
P 0.0007

GL, graft loss.
by theCollaborative Transplant Study showed that in a cohort
consisting of over 8000 renal transplant recipients having
a mean trough tacrolimus level less than 5.0 ng/mL at
1 year posttransplant resulted in significantly inferior allo-
graft survival.18 MMF did not appear to confer significant
protection.18 This suggests that tacrolimus levels as well as
IPV are important determinants of outcome, as is the case
with cyclosporin.12 There are clinical indications where ta-
crolimus trough levels do need to be minimized for exam-
ple in the presence of infection or malignancy. However,
analysis of those patients with mean tacrolimus levels less
than 5 ng/ml in this study showed that 77.4% of them were
maintained on low levels for no documented reason which
implicates clinician nonadherence to protocol. We would
therefore advocate maintaining tacrolimus trough levels
greater than 5 ng/mL unless there are good mitigating clin-
ical reasons.

There are manymethods tomeasure nonadherence includ-
ing the direct observation of the consumption of a medicine,
assays of drug levels or their metabolites in serum or urine;
patient self-reporting or collateral reporting from family,
friends and physicians; pill counts, prescription refill records
and attendance at clinic appointments.3,8,19,20

Attendance at clinic appointments tends to be a subjec-
tive measure of adherence used by transplant clinicians
which is often not measured objectively using electronic
patient records. In this study, we have shown objectively
that patients with HV of their tacrolimus levels are signifi-
cantly more likely not to attend their outpatient appoint-
ments and that a high nonattendance rate is associated with
a significantly increased risk of development of DSA, rejec-
tion, and graft loss.

In clinical practice, a combination of different methods
should to be used to accurately assess a patient’s adherence.
Measuring the IPV of serum immunosuppressant trough
levels has the potential to allow assessment of a patient’s ad-
herence pattern over a given period.9,11,13,16 A high IPVof ta-
crolimus trough levels puts a patient at risk of both
underimmunosuppression and overimmunosuppression with
the respective clinical consequences of rejection in the former
and calcineurin inhibitor toxicity, infection, and malignancy
in the latter.9,11 There are many factors that can contribute
to a high IPV of an immunosuppressant medicine, these in-
clude fluid shifts in the early posttransplant period, interacting
medicines, pharmacokinetic factors affecting drug absorption
or metabolism, and clinician-led changes in drug doses to en-
sure appropriate immunosuppression.11,21-24 Conversely, cli-
nicians may fail to change drug doses to ensure appropriate
immunosuppression which can be categorized as clinician
nonadherence to protocol leading to patients running uninten-
tionally subtherapeutic or supratherapeutic immunosuppression
Rejection No rejection DSA No DSA

0-17 0-22 0-17 0-22
4 3 4 3
2-8 1-6 1-7 1-6

0.0001 0.022
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levels (as opposed to intentional subtherapeutic levels in the
presence of malignancy or infection or higher levels in the
presence of rejection). Given the retrospective nature of this
study, we acknowledge that it cannot be assumed that a high
IPV is due solely to a patient’s nonadherence. However, the
addition of clinic nonattendance as a second surrogate
marker of adherence does build upon the current evidence
that a key factor that affects high IPV is nonadherence. We
therefore support IPV being considered as a tool for
assessing nonadherence and helping identify patients who
may be at risk while recognizing that further prospective
work is required to elucidate other causes of high IPV.

A limitation of this study is that the immunosuppression
regimen used is not in widespread use. However, we have
previously shown that alemtuzumab induction, followed by
tacrolimus monotherapy postkidney transplant, gives equiv-
alent results to themore common regimen of interleukin-2 re-
ceptor monoclonal antibody induction with a combination
of tacrolimus andMMFpostkidney transplant25 and that pa-
tients benefit from an immunosuppression regimen that is
simple, cheap, and avoids long-term steroids. The regimen
is also steroid sparing and steroid sparing regimes are now
commonly used with various forms of induction therapy. It
is also acknowledged that tacrolimus monotherapy could
make patients more vulnerable to the adverse outcomes of
nonadherence because patients are not offered any protection
by other immunosuppressants if a dose of tacrolimus is
missed. It has become increasingly apparent that nonadher-
ence is an important problem for the transplant community
given the adverse effect it has on allograft and patient out-
comes.1,2,7,26 A recent study by Sellares et al1 demonstrates
the risk of nonadherence succinctly. They reported on the
causes of allograft failure in a large cohort of renal transplant
patients and were able to show that 67% of all allograft fail-
ures were due to rejection, and 47% of these were as a conse-
quence of nonadherence.1 A potential bias of this study is
that patients who developed early rejection within the first
6 months posttransplant were excluded because early rejec-
tion can be caused by several confounding factors. Treatment
of the rejection episode would have required enhanced im-
munosuppression including increased target trough levels of
tacrolimus of 8 to 12 ng/mL which would have affected the
IPV measured for those patients during 6 to 12 months
posttransplant period of study.

An agreed definition for nonadherence to immunosup-
pression, adopted by KDIGO,3 is “a deviation from the pre-
scribed medication regimen sufficient to adversely influence
the regimen's intended effect.”20 It is likely that the preva-
lence of nonadherence is underestimated in renal transplant
recipients as it is often difficult to measure and multifactorial
in etiology.7,27 An estimate of the incidence of nonadherence
in solid organ transplant patients was described in a meta-
analysis, and nonadherence to immunosuppression medi-
cation was shown to be the highest in the renal transplant
recipients.7 The potential reasons for the highest rate of
nonadherence in renal transplant recipients were proposed
by the authors to be due to the more serious consequences
on health after failure of other solid organ transplants and
more stringent psychosocial selection criteria in place for
other organs.7 There are a number of risk factors that have
been identified for predicting patients at higher risk of non-
adherence.7,8,27 The meta-analysis by Dew et al7 found that
nonwhite ethnicity, poorer social support and poorer perceived
health were significantly associated with greater immuno-
suppression nonadherence in transplant patients. Other fac-
tors identified include a previous tendency to nonadherence,
adverse effects to medication, psychiatric illness, inadequate
education about the prescribed medications, illicit drug use,
adolescence, time since transplant, a higher education, and
complex medication regimens.7,19,26,27 Identifying patients
within our clinical practice at risk of nonadherence is essen-
tial if poor outcomes are to be avoided although the optimum
management to improve adherence is not yet known.

In conclusion, this study adds to the growing evidence base
that both mean tacrolimus trough level and variability im-
pact on allograft outcomes even in the short term, and it is
the first study to report on the consequences of IPV in pa-
tients receiving a tacrolimus monotherapy regimen. Measur-
ing the variability of a patient’s tacrolimus trough levels and
outpatient clinic attendance are 2 simple tools that can be
used in the clinic to assess nonadherence to immunosuppres-
sivemedication.Optimizing patient adherence to their immu-
nosuppressive medication and physician adherence to target
therapeutic ranges could lead to a significant improvement
in long-term renal allograft outcomes. Other healthcare pro-
fessionals are well placed to support physician colleagues in
identifying nonadherent patients, assessing the barriers to
adherence and making appropriate interventions. Nonad-
herence is a dynamic process which can change over time;
therefore, it is likely that measuring the variability of immu-
nosuppression levels in 6 to 12 months before the current
outpatient clinic attendance would be beneficial in identify-
ing patients currently at most risk of nonadherence. Prospec-
tive studies are required to fully determine the effect of any
interventional measures undertaken on those patients identi-
fied as being nonadherent.
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