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Background. High intrapatient variability (IPV) of tacrolimus (Tac) is increasingly recognized as a risk factor for poor graft
outcomes in kidney transplantation. The timing of onset of its impact on kidney histologic lesions has not been investigated.
Methods. We analyzed the adverse effect of Tac IPV using the coefficient of variability from 6 to 12 months posttrans-
plantation on long-term outcomes in a cohort of 671 kidney recipients and on the evolution of chronic histologic lesions in
a cohort of 212 recipients for whom paired protocol biopsies at 10 days and 1 year were available. Results. High IPV of
Tac (cutoff value of coefficient of variability = median of 20.5%) was associated with an increased risk of graft loss (hazard
ratio, 3.28; 95% confidence interval, 1.090-9.849; P=0.035) in the entire cohort. At 1 year, the high Tac IPV group showed a
significantly deteriorated chronicity score (F=5.912, P=0.016) compared with the low Tac IPV group in the Histology cohort
after controlling for the 10-day scores. In a multivariate analysis, a high IPV of Tac was predictive of the chronicity score
(odds ratio, 1.91; 95% confidence interval, 0.215-1.075; P=0.003) at 1 year posttransplant. Conclusions. These data
indicate that high IPV of Tac is associated with early deterioration of chronic histologic lesions as well as poorer long-term

outcomes. Large prospective studies of Tac IPV usage as a clinical monitoring tool are needed in the future.

(Transplantation Direct 2019:5:e455; doi: 10.1097/TXD.0000000000000899. Published online 22 May, 2019.)

acrolimus (Tac) is widely used as a foundation of immu-
nosuppressive therapy for renal transplant recipients
(RTRs). Since its introduction in the early 1990s, significant
improvement in short-term outcomes has been observed, while
long-term survival of kidney allografts remains relatively stag-
nant.'* Tac has a narrow therapeutic window and significant
variability in its pharmacokinetics in the general population.’
Tac has a typical concentration-effect relationship, and there-
fore Tac doses are routinely determined by therapeutic drug
monitoring to reach predefined target concentrations.®!?
A further complication of Tac usage in clinics is that the Tac
trough concentration within an individual patient often fluctu-
ates considerably over time. This intrapatient variability (IPV)
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may be related to biological causes, such as changing hemato-
crit, liver dysfunction, and diarrhea, changes in concomitant
medications, and CYP3A4 activity—altering food intake but
also has been reported to be strongly associated with medi-
cation nonadherence.!®'S Regardless of the cause of the IPV,
studies have shown that IPV in Tac concentration is clearly
correlated with poor graft and patient outcomes. Borra et al'®
first reported the importance of Tac IPV in outcomes of kid-
ney transplantation. In this study, a high Tac IPV (cutoff value:
median of 14.9%) between 6 and 12 months posttransplan-
tation was significantly correlated with a composite endpoint
of graft failure in the subsequent 12 months. In a previous
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study, we have also shown that RTRs with a high IPV of Tac
had a significantly higher risk of a biopsy-proven acute rejec-
tion than patients with a low Tac IPV (odds ratio [OR], 2.6535;
95% confidence interval [CI], 1.394-5.056; P=0.003)."7
Others have reported associations of a high Tac IPV with late
allograft rejection, the coexistence of human polyomavirus 1
nephropathy and acute rejection, the development of donor-
specific antibodies, and graft loss.'®2° The clinical importance
of high Tac IPV has also been reported in pediatric kidney
transplant patients as well as adult liver recipients.?!2?

However, few studies have investigated the association of
a high IPV with the evolution of histologic changes of kidney
allografts. This prompted us to investigate how early histo-
logic changes develop in patients with a high Tac IPV. Using
paired protocol biopsies at 10 days and 1 year after trans-
plantation, the relationship of Tac IPV with the evolution of
histologic lesions was assessed.

MATERIALS AND METHODS

Study Population

This was a retrospective single-center cohort study. RTRs
who were transplanted at Seoul National University Hospital,
Korea, between January 2007 and December 2014 were ana-
lyzed. For the entire cohort, inclusion criteria were (1) age
>18 years; (2) recipients of single kidney transplantation; (3)
recipients treated with twice-daily Tac formulation (Prograf,
Astellas Pharma) for >1 year after transplantation; and (4)
availability of 3 or more Tac trough concentrations between
6 and 12 months posttransplantation to calculate the coef-
ficient of variability (CV). Only outpatient Tac concentrations
from whole blood taken just before the morning dose were
considered for analysis. Erroneously, high Tac concentrations
resulting from taking morning doses before blood sample was
collected were excluded. Recipients with donor-specific anti-
body or positive flow cytometry crossmatch at the time of
transplantation and ABO-incompatible transplantation were
excluded. For the Histology cohort, recipients with paired
protocol biopsies at 10 days and 1 year posttransplantation
were selected from the entire cohort. Estimated glomerular
filtration rate (eGFR) was calculated using the modified modi-
fication of diet in renal disease equation.?

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Seoul National
University Hospital Institutional Review Board (H-1701-117-
82). Informed consent was waived for this study by the Board.

Immunosuppression

All patients received a triple immunosuppressive regi-
men consisting of Tac, mycophenolate mofetil or sodium
mycophenolic acid, and steroid with basiliximab induction.
The dose of Tac was adjusted to achieve a trough blood con-
centration of 8-12ng/mL in the first 3 months, 6-8ng/mL
until 1 year after transplantation, and 4-6 ng/mL thereafter.
Nonadherent patients to immunosuppressive medications
were detected by reviewing the medical charts. The attending
physicians recorded nonadherence if the physician suspected
that the patient had not taken medication regularly through
inquiry during the outpatient clinic. Tac concentrations were
determined using high-performance liquid chromatography
tandem mass spectroscopy with a Waters 2795 Alliance HT
system (Micromass, Manchester, United Kingdom).** The
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intraday CV ranged from 5.2% to 9.3% and the accuracy
was from 96.0% to 104.0%. The interday CV varied from
3.6% to 9.6%. The lower limit of quantitation for Tac was
0.8 ng/mL.

Tac IPV

Tac IPV was estimated by calculating the CV according to
the following equation: CV (%) = (SD/mean Tac trough con-
centration) x100. Mean concentrations were calculated using
all outpatient Tac concentrations between 6 and 12 months.
Recipients were separated into 2 groups, low IPV and high
IPV, according to the cutoff of CV =20.5% (which is a median
value of CV in the entire cohort). The Histology cohort was
also divided into 2 groups, H-low IPV and H-high IPV, based
on the same cutoff value of CV.

Histology

Kidney allograft biopsies were obtained as per protocol
(postoperative day 10 and at 1 y posttransplantation) or when
indicated for suspicion of acute rejection. The severity of his-
tologic lesions was semiquantitatively recorded in accordance
with the Banff 07 classifications.” The acute score was defined
as the sum of t, i, v, g, and ptc. Microvascular inflammation was
defined as the sum of g and ptc. The chronicity score was defined
as the sum of ci, ct, cg, cv, ah, and mm. Fibrosis with inflamma-
tion was defined as the sum of ci and i. Interstitial fibrosis and
tubular atrophy (IFTA) was defined as the sum of ci and ct.

Statistical Analysis

Statistical analyses were performed using the SPSS (version
21.0 for Windows; SPSS Inc., Chicago, IL). The data were
expressed as means = SD values or numbers and percentages.
All tests were 2 tailed and differences at P values <0.05 were
considered statistically significant. Mean values were com-
pared using Student’s #-test or paired-samples #-test for the
variables between both time points. Noncontinuous variables
were compared by chi-square test or Fisher exact test. Kaplan-
Meier survival analysis was performed to calculate the time to
event from transplant and the log rank test was used for com-
parison. Recipients with acute rejection and graft failure after
1 year posttransplantation were included in these analyses
to prevent reverse causation bias. To examine whether high
IPV was a risk factor for graft survival, univariate and multi-
variate analyses with Cox regression were used. The IPV was
analyzed as a dichotomous variable as well as a continuous
variable. To test the hypothesis that lower Tac exposure with
high IPV would have more significant impact on graft survival,
interaction term of IPV and mean Tac concentration subgroup
was added as a covariate in the multivariate Cox regression
model. The mean Tac concentration subgroup was defined
by using the quartiles of mean Tac concentration between 6
and 12 months after the transplantation. For the Histology
cohort, a one-way ANCOVA was conducted to determine
a statistically significant difference between IPV groups on
histologic scores at 1 year, controlling for scores at 10 days.
To analyze the effect of IPV on the progression of histologic
scores, independent factors with P <0.2 in univariate analysis
were entered into a multivariate linear regression model using
a stepwise selection method. To prevent Type 1 error inflation,
6 different chronic outcome variables were tested at an alpha
level of 0.0083 (0.05 + 6). The factors included in univariate
and multivariate analyses were donor age, donor sex, donor
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type (living or deceased donor), primary kidney disease, panel
reactive antibody level, recipient age, recipient sex, preemp-
tive transplantation, retransplant, cold ischemic time, warm
ischemic time, occurrence of biopsy-proven acute rejection,
total combined mismatch of human leukocyte antigen-A,
-B, and -DR, concomitant use of mycophenolate, mean Tac
trough concentration, individual histologic scores at 10-day
biopsies, and IPV groups.

RESULTS

Entire Cohort

Among 1000 recipients who had received renal transplan-
tation during the study period, 671 recipients were included
in this study as the entire cohort. Those recipients who were
younger than 18 years (n=134), received multiorgan trans-
plants (n=51), received ABOi or donor-specific antibody
(DSA) (+) transplants (n=36), used generic Tac formulation
(n=105), and had graft failure or death within 1 year after
transplantation (n=3) were excluded. The mean follow-up
of the entire cohort was 58.5 = 26.0 months. The baseline
characteristics of the entire cohort are summarized in Table 1.
Distribution of CV of Tac for outpatient trough concentra-
tions is shown in Figure S1, SDC, http://links.lww.com/TXD/

Baseline demographics and clinical characteristics of the
entire cohort

Low IPV High IPV
group group
Characteristics (n=335) (n =336) P
Recipient’s sex, male (%) 195 (50.9) 188 (49.1) 0.555
Recipient’s age, y 454 +121 479+127 0.009
Type of dialysis
Preemptive transplantation (%) 39 (11.6) 31(9.2 0.176
Hemodialysis (%) 236 (70.4) 258 (76.8)
Peritoneal dialysis (%) 60 (17.9) 47 (14.0)
F/U length, mo 57.7+263 59.3+257  0.436
Retransplant 24 (7.2) 37 (11.0) 0.083
Hypertension 293 (87.5) 292 (86.9) 0.829
Diabetes mellitus 73 (21.9) 79 (23.5) 0.594
Causes of ESRD 0.488
Hypertension 23 (6.9) 24.(7.1)
Diabetes mellitus 65 (19.4) 68 (20.2)
ADPKD 31(9.3) 27 (8.0)
Glomerulonephritis 64 (19.1) 45 (13.4)
IgA nephropathy 51(15.2) 54 (16.1)
Focal segmental glomerular sclerosis 13.3) 3(3.9
Vesicoureteral reflux 6(1.8) 4(1.2)
Alport’s syndrome 4(1.2) 1(0.3
Others 21 (6.3) 24 (7.1)
Unknown 59 (17.6) 76 (22.6)
Deceased donor 144 (43.1) 176 (52.5) 0.015
Donor’s sex, male (%) 187 (55.8) 202 (60.1) 0.259
Donor’s age 426+129 444+129 0.069
Total HLA mismatches 3.0+16 3417 0.058
No. Tac concentration samples per patient 6.9 1.7 74+20 <0.001
Mean of Tac concentration (ng/mL) 65+12 6.7+15 0.086
Mean CV of Tac concentration (%) 149+37 31.4+146 <0.001

ADPKD, autosomal domoninant polycystic kidney disease; CV, coefficient of variability; ESRD,
end-stage renal disease; F/U, follow-up; HLA, human leukocyte antigen; IPV, intrapatient vari-
ability; Tac, tacrolimus.
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A210. The median of CV was 20.5% and recipients were
divided into either the low IPV group (CV < 20.5%) or high
IPV group (CV 2 20.5%). Mean CV was 14.9 = 3.7% in
the low IPV group and 31.4 = 14.6% in the high IPV group
(P<0.001). Mean Tac concentrations in these groups were 6.5
+ 1.2 and 6.7 = 1.5ng/mL, respectively (P=0.086). The num-
ber of outpatient Tac concentration blood samples in the study
period was 6.9 = 1.7 in the low IPV group and 7.4 = 2.0 in the
high IPV group (P<0.001). In this study, 37 patients had <§
Tac concentrations; 20 (54.1%) out of these patients were in
the low IPV group and 17 (45.9%) were in the high IPV group.

Clinical Outcomes of Entire Cohort

Overall acute rejection-free survival after 1 year posttrans-
plantation was inferior in the high IPV group as compared
with the low IPV group at 98.3% and 95.3%, respectively
(Log Rank, P=0.041), as shown in Figure 1. Throughout
the follow-up period, 21 recipients (3.1%) lost their kidney
grafts. The high IPV group showed significantly inferior graft
survival as compared with the low IPV group with a survival
of 94.9% and 98.8%, respectively, as shown in Figure 2A
(P=0.006). In multivariate Cox regression analysis, high IPV
was a significant risk factor for poorer graft survival (haz-
ard ratio [HR], 3.28; 95% CI, 1.090-9.849; P=0.035) with
acute rejection episodes (HR, 5.456; 95% CI, 2.281-13.050;
P<0.001). Also using the IPV as a continuous variable, multi-
variate Cox regression analysis demonstrated a 1.9% increase
in the hazard of graft failure for every 1% increase of the
IPV (HR, 1.019; 95% CI, 1.002-1.036; P=0.030). There
was no effect modification when the interaction term of
mean Tac concentration subgroup (group 0: mean Tac con-
centration<5.70ng/mL; group 1: 5.7<mean Tac concentra-
tion<6.55; group 2: 6.55 <mean Tac concentration<7.5ng/
mL; group 3: mean Tac concentration>7.5ng/ml) and IPV
was added as a covariate in the multivariate Cox regression
model (P=0.641). Exclusion of patients with <5 Tac concen-
trations did not modify the effects of IPV on the development
of acute rejection and graft failure (data not shown). Death-
censored kidney graft survival analysis showed an inferior
survival in the high IPV group (96.7%) compared with the
low IPV group (99.1%) with a P value of 0.038 (Figure 2B).
There was a trend of difference in the cause of graft loss
between groups (P=0.057). In the low IPV group, 4 recipients
lost their graft by antibody-mediated rejection (n=1), human
polyomavirus 1 nephropathy (n=1), antibiotic nephrotoxicity
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FIGURE 1. Acute rejection-free survival after 1-y posttransplantation
by Tac IPV group in the entire cohort. IPV, intrapatient variability; Tac,
tacrolimus.
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FIGURE 2. Graft survival (A) and death-censored graft survival (B) by Tac IPV group in the entire cohort. IPV, intrapatient variability; Tac, tacrolimus.

(n=1), and death with functioning graft (n=1). In contrast,
the high IPV group showed 17 graft losses with causes includ-
ing nonadherence to immunosuppressive medication (n=7),
antibody-mediated rejection (n=3), T-cell-mediated rejec-
tion (n=2), and death with functioning graft (n= 5). There
was no statistically significant difference in the patient sur-
vival rate between the groups (P=0.232). During the study
period, 2 recipients (0.6%) died of infection in the low IPV
group, while 6 recipients (1.8%) in the high IPV group died;
causes included malignant disease (n=3), infection (n=2), and
refusal to initiate dialysis after graft loss (n=1).

Histology Cohort

We selected 212 recipients as a Histology cohort for whom
paired protocol biopsies at 10 days and 2 years were avail-
able to evaluate the correlation of the IPV with the evolu-
tion of histological scores. Recipients of the Histology cohort
were classified into the H-low IPV (n=110) and the H-high
IPV (n=102) groups based on the median value of CV of the
entire cohort (cutoff value of CV=20.5%). Table 2 shows the
baseline characteristics of the Histology cohort. Patients in
the H-high IPV group were older (49.8+11.9 vs 43.9x12.4 y,
P=0.001) and had a higher number of total human leukocyte
antigen mismatches (3.4=1.7 vs 3.0« 1.6, P=0.035) than the
H-low IPV patients. There were more recipients with preemp-
tive transplantation in the H-high IPV group (P=0.036). By
1 year, there were no differences in the clinical outcomes
between groups in the Histology cohort. There was a similar
acute rejection rate by one year (16.7% in the H-high IPV
group vs 12.7% in the H-low IPV group, P=0.443). Average
eGFR at 1 year was 61.2+13.2mL/min for the H-low IPV
group and 60.1=16.8 for the H-high IPV group (P=0.859).

Correlation of Histological Scores With Renal
Function

At 1 year, as shown in Figure 3, the eGFR was significantly
correlated with the calculated chronicity score (R=0.284;
P<0.001), scores of fibrosis with inflammation (R=0.276;
P<0.001), scores of IFTA (R=0.205; P<0.001), scores of
microvascular inflammation (R=0.178; P=0.01), scores of
vascular intimal thickening (R=0.151; P=0.03), scores of
arterial hyalinosis (R=0.172; P=0.013), and calculated acute
scores (R=0.253; P<0.001).

Baseline demographics and clinical characteristics of the
Histology cohort

H-low H-high
IPV group IPV group
Characteristics (n=110) (n=102) P
Recipient’s sex, male (%) 75 (68.2) 62 (60.8) 0.314
Recipient’s age, y 439+124 49.8+11.9 0.001
Type of dialysis
Preemptive transplantation (%) 20(18.2) 7(6.9) 0.036
Hemodialysis (%) 69 (62.7) 77 (75.5)
Peritoneal dialysis (%) 21 (19.1) 18 (17.6)
F/U length, mo 48.8 +20.0 52.3+19.9 0.214
Retransplant 10(9.1) 9(8.8) 0.946
Hypertension 78 (70.9) 83(81.4) 0.080
Diabetes mellitus 20(18.2) 22 (21.6) 0.606
Causes of ESRD 0.531
Hypertension 1(10.0) 9(8.8)
Diabetes mellitus 3(11.8) 15(14.7)
ADPKD 3(11.8) 11 (10.8)
Glomerulonephritis 22 (20.0) 13(12.7)
IgA nephropathy 5(13.6) 19(18.6)
Focal segmental glomerular 4 (3.6) 3(2.9
sclerosis
Vesicoureteral reflux 3(2.7) 0(0.0)
Alport’s syndrome 10.9 0(0.0)
Others 7 (6.4) 11 (10.8)
Unknown 21 (19.1) 21 (20.6)
Deceased donor 47 (45.6) 56 (54.9) 0.099
Cold ischemic time (min) 1401 £137.3  179.9 +158.8 0.062
Living donor 61.7+21.9 76.0 +62.7 0.144
Deceased donor 254.0 £154.2 2795+ 1594 0.442
Donor’s sex, male (%) 58 (52.7) 62 (60.8) 0.268
Donor’s age 432 +12.3 447 £14.2 0.416
Total HLA mismatches 30+16 34+17 0.035
Concomitant use of MPA (%) 96 (87.3%) 90 (88.2%) 0.932
No. Tac concentration samples 7517 79+21 0.101
per patient
Mean of Tac concentration (ng/mL) 6.5+1.1 68+14 0.122
Mean CV of Tac concentration (%) 15.3+3.7 305+104 <0.001
Average eGFR at 1'y (mL/min) 61.2+13.2 60.1 +16.8 0.859

ADPKD, autosomal domoninant polycystic kidney disease; CV, coefficient of variability; eGFR,
estimated glomerular filtration rate; ESRD, end-stage renal disease; F/U, follow-up; HLA, human
leukocyte antigen; IPV, intrapatient variability; MPA, mycophenolic acid; Tac, tacrolimus.



© 2019 Wolters Kluwer

120.0—

R=0.284
: P <0.001

g
3

eGFR at 1 year (mL/min)
3
i

eGFR at 1 year (mL/min)

0
T T T T T
0 2 4 6 8
Chronicity score at 1 year
120.01
. R =0.205
100.0~ P =0.003

eGFR at 1 year (mL/min)

07

| I I I I
0 1 2 3 4

IFTA at 1 year

Mo et al 5

120.0-
R=0.276

1000 : P < 0.001

3 .
40.0- : H '
:
20.07
.07
T T T T T T
0 1 2 3 4 5
Fibrosis with inflammation at 1 year
120.0
R=0.178
100.0- P=0.010

eGFR at 1 year (mL/min)

| | I
0 1 2

MVI at 1 year

FIGURE 3. Correlation of histological scores with eGFR at 1 y. eGFR, estimated glomerular filtration rate; IFTA, interstitial fibrosis and tubular

atrophy; MVI, microvascular inflammation.

IPV as a Predictor of Aggravation of Histological
Scores

As shown in Table 3, the chronic histological scores stead-
ily increased during the first year after transplantation in both
groups. As some of the baseline (10 d) chronic scores were
significantly higher in the H-high IPV group, ANCOVA analy-
sis was conducted to evaluate the impact of IPV group on the
evolution of the scores while controlling for baseline histolog-
ical scores (Figure S2, SDC, http://links.lww.com/TXD/A210
and Figure 4). There was a significant effect of the H-high
IPV group on the progression of ci, ct, mm, chronicity score
(F=5.912; P=0.016), and IFTA (F=5.967; P=0.015) as com-
pared with the H-low IPV group after controlling for baseline
scores. The high IPV had a marginal effect on the progres-
sion of microvascular inflammation (F=3.415; P=0.066) and
fibrosis with inflammation (F=3.527; P=0.062).

In multivariate linear regression analysis, as shown in
Table 4, classification in the H-high IPV group (OR, 1.91;
95% CI, 0.215-1.075; P=0.003) was an independent predic-
tor of the chronicity score at 1 year along with deceased donor
(OR, 2.06; 95% CI, 0.298-1.149; P<0.001), donor age (OR,
1.04; 95% CI, 0.020-0.053; P<0.001), and the chronicity
score at 10 days (OR, 1.44; 95% CI,0.113-0.624; P=0.005).
Deceased donor (OR, 1.67; 95% CI, 0.185-0.835; P=0.002)

was predictive of IFTA at 1 year along with donor age (OR,
1.02; 95% CI,0.009-0.033; P=0.001). Donor age (OR, 1.02;
95% CI, 0.011-0.035; P<0.001) and acute rejection episodes
(OR, 2.02; 95% CI, 0.278-1.126; P=0.001) were predictive
of fibrosis with inflammation at 1 year.

DISCUSSION

The significance of high IPV of Tac concentrations in
long-term transplant outcomes has been frequently reported.
Rodrigo et al'® suggested that CV >30% is a risk factor for
the occurrence of de novo DSA and is associated with adverse
outcomes among RTRs. Sapir-Pichhadze et al*® showed by a
time-dependent Cox proportional hazards model that wide
fluctuations in Tac concentrations over time are associated
with the composite endpoint of late allograft rejection, trans-
plant glomerulopathy, or total graft loss. These adverse effects
of high IPV in Tac concentration have been demonstrated
even in patients with a “Symphony” style low-dose Tac-based
regimen.?® In this study, we confirmed previous observations
that high IPV of Tac concentrations adversely impacts graft
survival (HR, 3.11; 95% CI, 1.025-9.433; P=0.045) in a
relatively large group of kidney transplant recipients.
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Histological scores of the Histology cohort

H-low IPV group (n=110) H-high IPV group (n=102) P
10d
Interstitial fibrosis (ci score) 0.04 £0.19 0.11 +£0.31 0.048
Tubular atrophy (ct score) 0.05+0.21 0.12 +£0.32 0.056
Vascular intimal thickening (cv score) 0.21 +0.43 0.31 +£0.53 0.122
Transplant glomerulopathy (cg score) - 0.03+0.22 0.165
Arteriolar hyalinosis (ah score) 0.06 +0.23 0.06 +0.24 0.906
Mesangial matrix increase (mm score) 0.01 +£0.10 0.04 +£0.20 0.153
Chronicity score 0.36 +0.74 0.67 +0.98 0.010
Microvascular inflammation 0.19 +0.58 0.54 +0.69 <0.001
IFTA 0.08 +0.39 0.23+0.63 0.046
Fibrosis with inflammation 0.53 £0.72 0.91+0.88 0.001
1y
Interstitial fibrosis (ci score) 0.48 = 0.63 0.69 +0.70 0.027
Tubular atrophy (ct score) 0.46 + 0.63 0.72 +£0.70 0.006
Vascular intimal thickening (cv score) 0.41 £0.63 0.49 = 0.67 0.365
Transplant glomerulopathy (cg score) 0.01 £0.10 0.01£0.10 0.958
Arteriolar hyalinosis (ah score) 0.05+0.25 0.12+0.38 0.101
Mesangial matrix increase (mm score) 0.03+0.16 0.11+0.34 0.028
Chronicity score 1.44 +1.59 213+1.93 0.005
Microvascular inflammation 0.20 = 0.47 0.35+0.59 0.037
IFTA 0.95 +1.21 1.40+£1.35 0.010
Fibrosis with inflammation 1.19+£1.23 1.61+1.33 0.019
IFTA, interstitial fibrosis and tubular atrophy; IPV, intrapatient variability.
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FIGURE 4. Significant effect of high Tac IPV on the progression of chronic histological scores. Effects of IPV on the progression of histologic
scores were compared by ANCOVA for controlling the baseline scores. The mean is plotted with the SEM. IFTA, interstitial fibrosis and tubular
atrophy; IPV, intrapatient variability; MVI, microvascular inflammation; SEM, standard error of the mean; Tac, tacrolimus.

With regard to the cause of Tac concentration variability,
several mechanisms have been suggested. Food is well known
as an important determinant of Tac absorption. Compared
to the fasting state, diet significantly reduces the rate of Tac
absorption, and a high-fat meal has a greater impact on the

rate of Tac absorption than a low-fat/high-carbohydrate
meal.?” Therefore, inconsistencies in oral Tac administra-
tion with respect to the timing and contents of meals could
alter the Tac IPV.?® Concomitant administration of CYP3A4-
interfering medications, including herbal products, could



© 2019 Wolters Kluwer Mo et al 7

[ TABLE 4.

Predictors of chronic scores at 1 y in multivariate linear regression analyses

Histologic scores at1y Predictors OR 95% Cl P

Gi Donor age 1.01 0.003-0.016 0.004
Without mycophenolate 1.23 0.052-0.356 0.009
Deceased donor 1.25 0.051-0.391 0.011
Ciat10d 1.52 0.079-0.762 0.016

Ct Deceased donor 1.35 0.130-0.468 0.001
Donor age 1.01 0.004-0.016 0.003
Acute rejection episode(s) 1.36 0.088-0.525 0.006
High IPV group 1.23 0.040-0.378 0.016

IFTA Donor age 1.02 0.009-0.033 0.001
Deceased donor 1.67 0.185-0.835 0.002
High IPV group 1.48 0.064-0.715 0.019
Acute rejection episode(s) 1.56 0.017-0.868 0.041

Chronicity score Donor age 1.04 0.020-0.053 <0.001
Deceased donor 2.06 0.298-1.149 0.001
High IPV group 1.91 0.215-1.075 0.003
Chronicity score at 10 d 1.44 0.113-0.624 0.005
Acute rejection episode(s) 1.79 0.032-1.129 0.038

Fibrosis with inflammation (ci + i) Donor age 1.02 0.011-0.035 <0.001
Acute rejection episode(s) 2.02 0.278-1.126 0.001
High IPV group 1.50 0.084-0.728 0.014

MVI Dialysis before transplantation 1.14 0.002-0.262 0.047

Statistical significance was determined at an alpha level of 0.0083.

Cl, confidence interval; IPV, intrapatient variability; IFTA, interstitial fibrosis and tubular atrophy; MVI, microvascular inflammation; OR, odds ratio.

also result in inhibition of Tac metabolism and a subsequent
increase in Tac area under the curve.?-32 Neuberger et al®?
summarized contributors to Tac variability and provided
practical recommendations for managing Tac IPV after kid-
ney transplant. Nonadherence with the immunosuppressive
drug regimen is considered to be the main cause of high IPV of
drug blood concentrations, although there has been no strong
evidence of causal relationship.!32%333 In this study, almost
half of the graft losses in the high IPV group were attributed
to nonadherence to the immunosuppressants, while no graft
losses were associated with nonadherence in the low IPV
group. This result suggests the important effects of nonadher-
ence in the Tac IPV as well as in graft survival.

The most relevant result of our study was that a high
IPV between 6 months and 1 year posttransplantation was
predictive of the deterioration of chronic histological score
at 1-year protocol biopsies. Although Vanhove et al** have
shown that Tac IPV during months 6-12 after transplanta-
tion is predictive of histological deterioration at 2 years with-
out any clinical evidence of renal dysfunction, how early the
high IPV worsened kidney histological damage has not been
investigated. Although it is well known that chronic histologi-
cal damage to the transplanted kidney is already prevalent
in the first year after transplantation and is associated with
inferior graft survival, some studies have not reported identifi-
able causes of this progressive damage.’¢*® In this study, we
demonstrated that the high IPV was an independent predic-
tor of the chronicity score (OR, 1.91; 95% CI, 0.215-1.075;
P=0.003). Therefore, we can identify high IPV of Tac during
the early posttransplantation period as one of the causes of
chronic histological damage of kidney transplants at 1 year.
In this respect, the high IPV of Tac can be considered as a
predictive marker for the short- and long-term outcomes of
kidney allografts.

Lower Tac concentration in the early period after trans-
plantation has been well known as a significant predictor for
inferior long-term kidney transplant outcomes.>**° It has also
been suggested that higher Tac IPV during the first 6 months
after transplantation is particularly risky in patients with
lower Tac blood concentrations due to lower drug exposure.*!
Contrary to previous reports, our results show that mean Tac
concentration between 6 and 12 months did not modify the
adverse impact of the Tac IPV. These results can be explained
by the selected study period of Tac IPV in our study from
6 to 12 months after transplantation, which might have less
significant adverse impact than the period of immediate post-
transplant. Also, our study population was a selected group
of patients who survived at least 1 year after transplantation.

IPV monitoring in the outpatient clinic is theoretically
desirable as it uses existing Tac trough concentration meas-
urements, thus incurring minimal cost and providing for
simplicity of care. However, several questions should be
addressed. First, which time period of Tac concentrations
should be used? We calculated the IPV of Tac using outpa-
tient Tac trough concentrations between 6 and 12 months as
done in other studies.'>!%163 This is reasonable because most
clinically significant events and drug interventions occur in
the early period, Tac concentrations remain stable beyond
6 months, and hospitalized patients may be receiving come-
dications that could affect Tac absorption and metabolism.
Second, how can the cutoff value of Tac IPV to detect patients
at risk be standardized? Several parameters, such as the vari-
ance (0?), CV, and mean absolute deviation, have been used for
the determination of Tac IPV. Although CV may be the most
commonly used parameter in studies of Tac IPV, the superior-
ity of CV over other parameters has never been shown. In
addition, the cutoff value of CV that is clinically most rel-
evant and reproducible between study populations should be
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investigated. Although we used the median of CV for discrim-
inating patients at risk with regard to Tac IPV, others have
used the highest tertile values of CV or an ROC curve derived
set point of 30% or 40% of CV.!%3542 A universal cutoff value
of Tac IPV to be used to determine high-risk patients would be
ideal for clinical care; however, identification of such a value
requires robust multicenter, multiethnic, large population
studies, and it may not be able to establish such a critical value
of Tac IPV above which the risk of adverse transplant out-
come increased.® In the meantime, instead, the Tac IPV could
be used as a monitoring tool for potential problems in patient
compliance, drug adherence, and drug-drug interactions.

Our study has several limitations. First, our study design is
retrospective in nature. We could not identify unreported self-
medications. Detection of medication nonadherence was not
systematic as well as determination by chart review may sig-
nificantly underestimate the rate of nonadherence, prohibiting
a thorough evaluation of a cause-consequence relationship
of nonadherence and high IPV. Second, our study includes
generally low-risk kidney recipients. No depleting agent was
used for induction and neither DSA nor crossmatch posi-
tive patients were included. Therefore, extrapolation of the
results of this study to a moderate-to-high—risk patient pop-
ulation requires caution. Third, our study involved a single
ethnic (Asian) group in a single center over 8 years. Because
genetic polymorphisms impacting drug absorption, distribu-
tion, metabolism, and excretion differ between ethnic groups,
whether the magnitude of the effect of Tac IPV on histological
changes is similar in other ethnic groups should also be evalu-
ated.® Last, our study involved only a twice-daily formulation
of innovative Tac and cannot be extrapolated to the generic
formulation of Tac. Given contradictory reports regarding
lowering IPV in once-daily Tac formulation,** prospective
studies investigating the effect of switching to a once-daily
formulation as an intervention for patients with high Tac IPV
are warranted.

In summary, high IPV of Tac was predictive of early histo-
logical deterioration at 1 year after transplantation in stable
RTRs. High IPV of Tac was a significant risk factor for infe-
rior graft survival and lower acute rejection-free survival in
kidney transplantation long term. This suggests that high IPV
of Tac may lead to chronic histologic lesions in kidney allo-
grafts earlier than the onset of renal dysfunction and could be
used as a clinical monitoring tool.
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