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Abstract

Background The reasons for improved outcomes associ-

ated with preemptive kidney transplantation (PKT) are

incompletely understood, and post-transplant complica-

tions have been scarcely investigated.

Methods We evaluated the outcomes of PKT in both

unmatched (n = 1060) and propensity score matched

cohorts (n = 186) of adults who underwent living kidney

transplant between 2000 and 2014. Outcomes were esti-

mated glomerular filtration rate (eGFR), biopsy-proven

rejection, cytomegalovirus (CMV) infection, post-trans-

plant diabetes mellitus (PTDM), cardiovascular disease

(CVD), graft failure (non-censored for death), and malig-

nancy. Primary endpoint was post-transplant renal function

assessed with eGFR.

Results A total of 95 patients (9.0 %) underwent PKT. The

2-week mean eGFR after transplant was comparable

between the matched PKT and non-PKT groups (45.2 vs.

46.5 mL/min/1.73 m2, respectively, P = 0.56). Sensitivity

analysis using various formulas did not change the results.

PKT was not superior to non-PKT in reducing the risk of

biopsy-proven rejection, CMV, PTDM, and malignancy,

regardless of matching. The risk of graft failure and CVD

was significantly reduced in the unmatched PKT group

(ARR, -6.2 %; 95 % CI, -8.6 to -0.7; P = 0.03, and

ARR, -6.7 %; 95 % CI, -9.6 to -0.7, P = 0.03,

respectively); nevertheless, the corresponding ARRs were

-3.2 % (95 % CI, -10.0 to 2.9; P = 0.44) and -2.2 %

(95 % CI, -9.1 to 4.4; P = 0.72) after matching.

Conclusions PKT was associated with neither improve-

ment of post-transplant renal function nor a lower rate of

common post-transplant complications than non-PKT

among patients with end-stage renal disease who under-

went living KT.

Keywords End-stage renal disease � Preemptive kidney

transplantation � Propensity score matching � Estimated

glomerular filtration rate

Introduction

Preemptive kidney transplantation (PKT), defined as kid-

ney transplantation (KT) prior to maintenance dialysis, has

been associated with improvements in outcomes compared

with non-PKT [1–3]. Thus, in the past decade, PKT has

become widespread and plays an important role worldwide,

especially in living-donor KT.

Several explanations were proposed for this beneficial

effect of PKT. To date, the contribution of residual native

kidney function often appears to be the most likely

hypothesis [4]. However, few studies have compared out-

comes when PKT was performed at different levels of

estimated glomerular filtration rate (eGFR) [5–7]. In

addition, there are no randomized controlled trials (RCTs)

that test this hypothesis or RCTs demonstrating that PKT

reduces the risk of adverse outcomes [8, 9].

Recent systematic review revealed that all previous

studies on PKT had a high risk for selection bias, and it was

uncertain whether adjustments to correct for potential

compromise in the integrity of the findings were corrected.
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In addition, patient survival, graft survival, and rejection

rate have been reported in many studies, but post-transplant

complications have rarely been reported [9]. Thus, the

reasons why PKT is associated with improved outcomes

are not completely understood. Additionally, data regard-

ing its effect on post-transplant complications remain

lacking.

Although RCTs on PKT involving living donors should

be conducted, this seems to be challenging in many

countries. Thus, we investigated whether PKT in recipients

with end-stage renal disease (ESRD) would improve clin-

ical outcomes compared with non-PKT when analyzed

differently from other conventional multivariable modeling

methods. The objective of this study was to use a matched

observational cohort study design to attempt to estimate a

more reliable effect of PKT on post-transplant renal func-

tion using eGFR and a wide range of major post-transplant

adverse events that have not been investigated in previous

studies, such as cytomegalovirus (CMV) infection, post-

transplant diabetes mellitus (PTDM), cardiovascular dis-

ease (CVD), and malignancy.

Materials and methods

Study oversight and population

A total of 1060 patients from the Japan Academic Con-

sortium of Kidney Transplantation (JACK) study were

included in this study. The JACK study is an ongoing

multicenter, observational cohort study in Japan. The

objectives and protocol of the JACK have been described

in more detail previously [10]. We included adults

(C18 years old) who underwent living KT between 2000

and 2014 and who had completed follow-up at three

transplant centers. We excluded patients if they had donor-

specific antibody (DSA)-positive results on complement-

dependent cytotoxicity assay or flow cytometry cross-

match. All patients were administered optimal immuno-

suppressive therapy at that time. Our detailed

immunosuppressive regimens have been also published

previously [11]. We evaluated the effect of PKT on end-

points using a two-cohort approach, an unmatched crude

cohort, and a matched cohort using propensity score

matching (PSM) [12]. The study flow diagram is shown in

Fig. 1.

Endpoint and follow-up

The primary endpoint was post-transplant renal function

assessed with the eGFR. Secondary endpoints included

biopsy-proven rejection, CMV infection, PTDM, CVD,

graft failure (non-censored for death), and malignancy. The

final follow-up was performed on October 31, 2015;

patients whose follow-up periods exceeded 10 years had

their data censored at 10 years. Follow-up information on

the endpoint was ascertained prospectively. The follow-up

duration is shown in Fig. 1.

Definition

PKT was defined as transplant prior to initiation of main-

tenance dialysis, and we included patients who had

received dialysis of 1 week’s duration or less prior to

transplantation as preconditioning for operation. The eGFR

was calculated using a Japanese-modified equation [13].

For sensitivity analysis, eGFRs using the Modification of

Diet in Renal Disease Study (MDRD-4), the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI),

and the Cockcroft-Gault equations were also calculated

[14–16].

The definition of rejection included T cell-mediated

rejection or antibody-mediated rejection, acute or chronic,

proven from episode or protocol biopsy. Since 2000, our

institute and two affiliated centers have used protocol

biopsy whenever possible. CMV infection included the

presence of CMV in plasma by pp65 antigenemia and

clinical signs and symptoms attributable to CMV infection.

PTDM was defined as introduction of insulin, oral, or diet

therapy. CVD events included heart and blood vessel dis-

orders, including coronary heart disease, cerebrovascular

disease, rheumatic heart disease, and related other condi-

tions. Malignancy included cancer of the kidney, bladder,

prostate, thyroid, lung, uterus, breast, digestive organs, or

other organs. Tacrolimus trough levels were measured

using locally available assays.

Statistical analysis

Analyses were performed with SAS system ver. 9.4 soft-

ware (SAS Institute, Cary, NC, USA). Data are presented

as means with standard deviation, medians with

interquartile ranges, and frequency (percentage). Student’s

t test was used to compare normally distributed continuous

variables. The Mann–Whitney U test was used for the

variables with skewed distributions. The v2 or Fisher’s

exact test (when the expected value was\5) was used to

compare nominal-scale variables. Propensity scores

[1 ? exp(-a-b0x)]-1 for the estimated probability of each

individual undergoing PKT were calculated using a mul-

tiple logistic regression model [12]. This model included

15 variables (14 dummy variables of transplant year and

recipient age). Matching procedure was performed with

Structured Query Language (a programming language

designed for managing data held in a relational database

management system). Matched cohort had 92 % power to
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detect an eGFR mean difference of 5 mL/min/1.73 m2,

with a = 0.05 (two-tailed). The between-group compar-

isons of eGFR were performed with Student’s t test. To

identify the measures of effect of PKT on event rate,

absolute risk reduction (ARR) with a 95 % confidence

interval (CI) based on the Wilson score was applied [17].

Two-tailed P values less than 0.05 were considered to

indicate statistically significant differences. All analyses

were performed by an independent statistical data center

(STATZ Institute, Inc., Tokyo, Japan).

Results

Characteristics

Of the 1060 patients, 95 (9 %) underwent PKT. The

characteristics before and after PSM are summarized in

Table 1. According to PSM procedures, we were able to

match 186 patients (93 patients in each group). There was

no appreciable change regarding confounders in patients

who underwent PKT between the unmatched (95 patients)

and matched population (93 patients). In contrast, sub-

stantial changes in covariates were observed in the non-

PKT group (decreased from 965 to 93 patients). As a result,

the median duration of dialysis in the non-PKT population

decreased from 30 to 24 months. In the unmatched cohort,

the PKT group was less likely to have glomerulonephritis

etiology and more likely to have polycystic kidney disease,

hypoplastic kidney, or focal segmental glomerulosclerosis

compared with the non-PKT group. In addition, the PKT

group was less likely to have preexisting DSA and had a

shorter total ischemic time. In immunosuppression regi-

mens, patients in the PKT group were more likely to have

once-daily extended-release tacrolimus and lower trough

levels and were more often treated with intensive inter-

leukin 2 receptor and chimeric monoclonal antibody regi-

mens. With respect to transplant year, a marked difference

was observed between the two groups in the unmatched

cohort. More than 80 % of patients in the PKT group had

undergone transplantation in the previous 5 years. As a

result, the PKT group had a significantly shorter follow-up

period than the non-PKT group (Fig. 1). Meanwhile, in the

matched cohort, the two groups were well balanced with

respect to all potential relevant clinical confounders, and

no substantial imbalance was found regarding follow-up

duration (Table 1; Fig. 1).

Primary endpoint

Table 2 shows pre- and post-transplant eGFR as renal

function. In the unmatched cohort, the pre-transplant mean

eGFR was significantly higher in the PKT group than in the

non-PKT group (7.2 vs. 4.7 mL/min/1.73 m2, respec-

tively), and the mean difference was 2.5 (P\ 0.001). In

the matched cohort, the corresponding mean eGFR was 7.3

Fig. 1 Flow diagram of the study. DSA donor-specific antibody, CDC complement-dependent cytotoxicity, FCXM flow cytometry crossmatch
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Table 1 Characteristics of the study population before and after matching

Unmatched cohort Matched cohort

non-PKT (n = 965) PKT (n = 95) P value non-PKT (n = 93) PKT (n = 93) P value

Recipients

Duration of dialysis (month)

Median [interquartile range] 30 [14–65] – 24 [12–55] –

Mean ± SD 51.0 ± 54.3 – 45.3 ± 52.3 –

Age (years) 44.4 ± 13.7 43.1 ± 14.0 0.39 43.6 ± 12.1 43.4 ± 14.0 0.9

Men 613 (63.5) 59 (62.1) 0.78 60 (64.5) 58 (62.4) 0.76

First kidney transplant 911 (94.4) 88 (92.6) 0.61 87 (93.5) 86 (92.5) 0.76

Cause of ESRD

Chronic glomerulonephritis 194 (20.1) 6 (6.3) 9 (9.7) 6 (6.5)

IgA nephropathy 206 (21.3) 16 (16.8) 17 (18.3) 15 (16.1)

Diabetic nephropathy 119 (12.3) 11 (11.6) 11 (11.8) 11 (11.8)

PKD 57 (5.9) 10 (10.5) 0.002 10 (10.8) 10 (10.8) 0.51

Hypoplastic kidney 15 (1.6) 5 (5.3) 2 (2.2) 5 (5.4)

FSGS 37 (3.8) 7 (7.4) 6 (6.5) 7 (7.5)

Nephrosclerosis 33 (3.4) 3 (3.2) 4 (4.3) 3 (3.2)

Other/unknown 304 (31.5) 37 (38.9) 34 (36.6) 36 (38.7)

Body mass index (Kg/m2) 21.3 ± 3.2 21.9 ± 3.9 0.11 21.4 ± 2.9 21.9 ± 4.0 0.36

Smoking 265 (27.4%) 32 (33.7%) 0.68 32 (34.4%) 30 (32.3%) 0.46

Preexisting CVD 175 (18.1%) 14 (14.7%) 0.41 15 (16.1%) 13 (14.0%) 0.68

HLA-AB mismatches 1.88 ± 1.04 1.94 ± 0.94 0.55 1.98 ± 1.03 1.98 ± 0.92 0.9

HLA-DR mismatches 0.95 ± 0.65 1.00 ± 0.69 0.51 0.98 ± 0.71 1.01 ± 0.69 0.75

Preexisting donor-specific antibodies 102(10.6) 3 (3.2) 0.02 2 (2.2) 3 (3.2) 0.65

ABO-incompatibility 263 (27.3) 29 (30.5) 0.5 28 (30.1) 28 (30.1) 0.9

Total ischemic time (min) 86 [72–109] 77 [64–98] \0.001 79 [68–104] 77 [64–98] 0.27

Donors

Age (years) 57.0 ± 9.8 59.2 ± 10.8 0.04 59.2 ± 8.9 59.3 ± 10.9 0.9

Men 321 (33.3) 36 (37.9) 0.36 40 (43.0) 35 (37.6) 0.46

Related donors 622 (64.5) 63 (66.3) 0.72 58 (62.4) 61 (65.6) 0.65

Immunosuppression

Calcineurin inhibitors

Cyclosporin 18 (1.9) 1 (1.1) 0 (0.0) 1 (1.1)

Tacrolimus 947 (98.1) 94 (98.9) 0.9 93 (100.0) 92 (98.9) 0.9

Once daily formulation 378 (39.2) 67 (70.5) \0.001 61 (65.6) 65 (69.9) 0.53

Tacrolimus trough levels

Pretransplant 7.0 ± 3.8 5.6 ± 4.2 0.23 6.1 ± 4.1 5.6 ± 4.2 0.74

2 weeks 9.5 ± 3.2 9.1 ± 6.4 0.29 8.6 ± 2.5 9.1 ± 6.5 0.51

1 month 8.6 ± 2.9 7.9 ± 2.4 0.04 7.7 ± 2.1 7.9 ± 2.5 0.59

3 months 7.0 ± 2.2 6.2 ± 2.2 0.001 6.5 ± 1.7 6.2 ± 2.2 0.42

Anti-metabolites/mTOR inhibitors

Azathioprine 8 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)

Mizoribine 58 (6.0) 4 (4.2) 5 (5.4) 3 (3.2) 0.47

Mycophenolate mofetil 889 (92.1) 90 (94.7) 88 (94.6) 89 (95.7)

Everolimus 2 (0.2) 1 (1.1) 0 (0.0) 1 (1.1)

Basiliximab 707 (73.3) 83 (87.4) \0.001 83 (89.2) 81 (87.1) 0.65

Rituximab 465 (48.2) 69 (72.6) \0.001 56 (60.2) 67 (72.0) 0.19
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and 4.9 mL/min/1.73 m2, respectively (mean difference,

2.4; P\ 0.001). In the matched cohort, the mean eGFR at

2 weeks after transplant was similar in both groups (45.2

vs. 46.5 mL/min/1.73 m2 in the PKT and non-PKT groups,

respectively; P = 0.56). We also performed sensitivity

analysis using another estimate formula in the matched

cohort. The mean eGFR at 2 weeks after transplant in the

PKT and non-PKT groups was 58.5 ± 21.9 vs.

60.5 ± 18.1 (P = 0.50) in the MDRD-4 equation,

70.3 ± 34.0 vs. 69.2 ± 24.3 (P = 0.80) in the CKD-EPI

equation, and 53.2 ± 16.1 vs. 52.0 ± 13.1 mL/min/

1.73 m2 (P = 0.62) in the Cockcroft–Gault equation (mL/

min), respectively. Significant improvement of post-trans-

plant renal function in patients with PKT was not observed

in any equation.

Secondary endpoints

Figure 2 shows the number (percentage) of events and

ARR of each outcome. In the unmatched population, 82

(7.7 %) of the 1060 patients lost their graft during the

follow-up period. In both unmatched and matched cohorts,

PKT was not superior to non-PKT in reducing the risk of

biopsy-proven rejection, CMV infection, PTDM, or

malignancy. There was significant reduction in the risk of

graft failure (ARR -6.2 %; 95 % CI -8.6 to -0.7;

P = 0.03) and CVD events (ARR -6.7 %; 95 % CI -9.6

to -0.7; P = 0.03) for patients who received PKT as

compared with those in the non-PKT group. Nevertheless,

after PSM, this reduction in graft failure (ARR -3.2 %;

95 % CI -10.0 to 2.9; P = 0.44) and CVD events (ARR

-2.2 %; 95 % CI -9.1 to 4.4; P = 0.72) was not observed

in the PKT group.

Discussion

In a propensity score matched cohort study involving adult

kidney transplant recipients from living donors, we found

post-transplant mean eGFR levels in the PKT group to be

similar to those in the non-PKT group. Additionally, we

were not able to show a significant definitive beneficial

effect on PKT in terms of biopsy-proven rejection, CMV,

PTDM, CVD, graft failure and malignancy.

Table 1 continued

Unmatched cohort Matched cohort

non-PKT (n = 965) PKT (n = 95) P value non-PKT (n = 93) PKT (n = 93) P value

Transplant year

2000–2009 504 (52.2) 17 (17.9) \0.001 18 (19.4) 17 (18.3) 0.85

2010–2014 461 (47.8) 78 (82.1) 75 (80.6) 76 (81.7)

Values for categorical variables are given as frequency (percentage); for continuous variables, as mean ± standard deviation or

median [interquartile range]. Preformed donor-specific antibodies was detected using Luminex� single-antigen assays

Tacrolimus trough levels are expressed in ng/mL

CVD cardiovascular disease, PKD polycystic kidney disease, FSGS focal segmental glomerulosclerosis, mTOR mammalian target of rapamycin,

HLA human leukocyte antigen

Table 2 Pre- and post-transplant eGFR as renal function

Unmatched cohort Matched cohort

Non-PKT

(N = 965)

PKT

(N = 95)

Meana

differences

P value Non-PKT

(N = 93)

PKT

(N=93)

Meana

differences

P value

Pretransplant 4.7 ± 1.6 7.2 ± 2.4 2.5 \0.001 4.9 ± 1.6 7.3 ± 2.3 2.4 \0.001

2 weeks 44.5 ± 15.6 45.3 ± 16.3 0.8 0.63 46.5 ± 13.1 45.2 ± 16.4 -1.3 0.56

1 month 44.7 ± 14.5 45.8 ± 14.3 1.1 0.50 46.6 ± 12.8 45.6 ± 14.3 -1.0 0.62

3 months 46.5 ± 14.8 45.9 ± 13.3 -0.6 0.72 47.8 ± 22.3 45.5 ± 13.2 -2.3 0.43

6 months 47.3 ± 14.2 45.7 ± 12.9 -1.6 0.35 45.2 ± 11.7 45.3 ± 12.8 0.1 0.9

1 year 49.1 ± 14.9 46.2 ± 13.0 -2.9 0.13 46.1 ± 12.6 45.8 ± 13.0 -0.3 0.89

2 years 49.8 ± 15.2 47.4 ± 11.6 -2.4 0.29 50.5 ± 13.5 47.4 ± 11.6 -3.1 0.22

3 years 50.3 ± 15.5 49.6 ± 12.3 -0.7 0.83 50.5 ± 11.5 49.6 ± 12.3 -0.9 0.78

Values are shown as mean ± SD

The estimated glomerular filtration rate was calculated with the use of an Japanese modified equation and expressed in mL/min/1.73
a The mean difference was derived by subtracting the value for the non-PKT group from the value for the PKT group
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In addition to clinical outcome benefits, a number of

studies have suggested that PKT improves various out-

comes, quality of life, return-to-work interval, and cost-

effectiveness [1–3, 8, 18]. Given these excellent reports,

the worldwide trend appears to be a promotion of PKT

[7–9]. Although PKT varies widely across transplant cen-

ters in Japan [19], the number of PKT is growing steadily.

According to the domestic 2014 report, the percentage of

PKT from living donors was 24.5 % and the pre-transplant

average eGFR in PKT was 8.4 mL/min/1.73 m2. The

proportion of PKT of current study in 2014 was 19 %. We

should be aware of the variance of PKT definition across

the studies. For instance, whereas Goto et al. included

transplantation with\1 month of dialysis period as PKT in

their report [19], our definition of PKT was dialysis of

1 week’s duration or less prior to transplantation. PKTs

from deceased donors have been hardly performed due to

the legal framework in Japan.

Our results showed that post-transplant mean eGFR are

almost equivalent within the 2 weeks after transplant

between the groups regardless of matching. Sensitivity

analysis using other formulas did not change the results. A

possible explanation of this finding was the marked rapid

reduction in renal blood flow to the native kidneys fol-

lowing successful living KT [20]. Although contribution

from residual native kidney function or lead time bias may

explain the better clinical outcomes in PKT, this hypothesis

is unlikely to prove that PKT is superior to non-PKT in

decreasing the risk of post-transplant complications in our

study population.

Our results differ from those of previous studies that

showed that PKT is associated with improved outcomes

[1–3, 19, 21]. In contrast, our results are similar to those of

studies [5–7, 22]. Ishani et al. and Akkina et al. [5, 6].

found no correlation between pre- and post-transplant

eGFR. Gill et al. [22]. hypothesized that the apparent graft

survival advantage of PKT is a consequence of patient

selection. More recently, Grams et al. [7], who used mul-

tiple analytic methods to minimize bias including propen-

sity score adjustment (not matching), concluded that PKT

may be unlikely to improve clinical outcomes and that

performing PKT too early may waste native kidney func-

tion and prematurely expose donors and recipients to the

operative and immunosuppressive risks associated with

KT. The IDEAL study, an RCT, suggested that planned

early initiation of dialysis in patients with stage 5 chronic

kidney disease was not associated with an improvement in

survival or clinical outcomes [23].

In the present study, there were substantial imbalances

before PSM, and PKT was associated with a reduction of

graft failure and CVD. A confounder to outcomes in an

unmatched population with PKT appears to be more

favorable than non-PKT [24–28]. Selection bias in an

observational study is completely independent of study

sample size [29], and this is frequently the most trouble-

some aspect of an observational therapeutic study. Most

Endpoints
Absolute riska

reduction (%)

Graft failure(non-censored for death) 80 (8.3) 2 (2.1) -6.2 ( -8.6 to -0.7 ) 0.03
62.0)6.1ot6.3-(4.2-)0.0(0)4.2(32tfarggninoitcnufhtiwhtaeD

Biopsy confirmed rejection 231 (23.9) 19 (20.0) -3.9 ( -11.3 to 5.6 ) 0.45
Cardiovascular event 95 (9.8) 3 (3.2) -6.7 ( -9.6 to -0.7 ) 0.03
Posttransplantation diabetes mellitusd 06.0)0.5ot2.7-(6.2-)4.8(8)0.11(601

98.0)0.8ot5.8-(4.1-)9.81(81)3.02(691noitcefnisurivolagemotyC
63.0)3.2ot1.4-(5.2-)1.1(1)5.3(43ycnangilaM

44.0)9.2ot0.01-(2.3-)2.2(2)4.5(5)htaedrofderosnec-non(eruliaftfarG
9.0)0.3ot8.5-(1.1-)0.0(0)1.1(1tfarggninoitcnufhtiwhtaeD

Biopsy confirmed rejection 18 (19.4) 19 (20.4) 1.1 ( -10.4 to 12.6 ) 0.9
27.0)4.4ot1.9-(2.2-)2.3(3)4.5(5tneveralucsavoidraC

Posttransplantation diabetes mellitusd 18.0)7.6ot1.11-(2.2-)6.8(8)8.01(01
58.0)3.31ot0.9-(2.2)4.91(81)2.71(61noitcefnisurivolagemotyC

9.0)8.5ot0.3-(1.1)1.1(1)0.0(0ycnangilaM

%
PKT better

P-valuecUnmatched cohort

Matched cohort

(n=965)

non-PKT

non-PKT better

(reference)
(n=93) (n=93)

(reference)
PKT

non-PKT PKT

95% confidence intervalb

(n=95)

201510505101520

Fig. 2 Outcomes before and after matching. Values are given as

numbers (%). aThe absolute risk reduction in outcomes between the

two groups was derived by subtracting the value of the non-PKT

group from the value for the PKT group. b95 % confidence interval

was calculated using the Newcombe method. cP values were

calculated using Fisher’s exact test. dPost-transplant diabetes mellitus

included preexisting diabetes

1110 Clin Exp Nephrol (2017) 21:1105–1112

123



authors who have conducted large-scale studies have rec-

ognized this limitation [2, 3, 7, 8].

The foremost challenging consideration in this study

was a marked difference in transplant year rather than

advantages with a plausible biological basis of PKT pop-

ulation. During the preparation of this manuscript, we

found an earlier or more rapid decline in the number of

patients at risk, using the Kaplan–Meier method, in the

PKT group than in the non-PKT group in past studies,

despite the fact that those studies demonstrated better

outcomes of PKT. This appearance contradicts with the

mathematical theory of time-to-event analysis. Indeed, we

were able to develop a well-matched cohort with only two

covariates: transplant year and recipient age. These find-

ings suggest that observational therapeutic studies of PKT

were potentially limited because of biases due to the dif-

ferent KT periods. This is suspected to be the essential

drawback, causing other apparent crucial imbalance

including immunosuppressive regimens. Since PKT has

been increasing across many countries lately, this bias

appears to be a considerable modifying factor of the out-

comes. Meanwhile, there were no differences in eGFR

even before PSM. This result may not have been affected

by this bias because it was derived from between-group

comparisons over the same visit time period.

We should be aware that the inability of the significant

effects of PKT on graft failure and CVD was also associ-

ated with sample size and event number. We sacrificed

statistical power to ensure maximum internal validity in

this study. The matched cohort had more than 90 % power

to detect difference in mean eGFR, but had inadequate

power of 67 % to detect reduction of graft failure and

CVD. Japan has a low death rate from CVD, which is the

most frequent cause of death with functioning graft, and

the mortality rates of patients with ESRD are lower

[30, 31]. However, in general, unlike P values and confi-

dence intervals, the point estimate of ARR as ‘‘measures of

effect’’ does not change with sample size [32]. Of partic-

ular note is that the beneficial effects of PKT in all end-

points declined by half in the well-balanced matched

cohort when compared to those in imbalanced unmatched

cohorts. This finding suggests that inadequate adjustment

of confounding can lead to risk of overestimated efficacy of

PKT.

We should refer to several limitations. First, our results

were derived from an observational study. We used PSM to

eliminate potential confounders, and a similar distribution

of confounders was observed between the two groups;

however, this compatibility was limited to available data.

Our study cannot ensure internal validity on unmeasured

confounders, unlike in an RCT.

Second, the present study population consisted of

recipients with ESRD (mean eGFR\10 mL/min/1.73 m2).

To date, PKT is usually considered when renal function is

better preserved [7]. Thus, these may not be appropriate

study conditions to clarify the contribution from ‘‘residual

native kidney function’’ in patients with PKT. In the pre-

sent study, we cannot refer to the optimal timing of PKT at

all.

Finally, PKT varies widely by country and within

country by region, and it is influenced by major non-clin-

ical factors. The usefulness of PKT cannot be determined

only for adults or in certain clinical outcomes. Pediatric

PKT, social aspects of recipients, legal framework, health

insurance, and policies in each country are beyond the

scope of this article [8, 33–39].

Despite these limitations, our findings present new

insights into PKT. To our knowledge, this is the first

comparative study to assess the effect of PKT after

demonstrating definitive well-balanced covariates between

groups. Furthermore, the strength of our study is that it

assessed endpoints that have been rarely investigated [9].

In conclusion, PKT was associated with neither

improvement of post-transplant renal function nor a lower

rate of common post-transplant complications than non-

PKT among patients with ESRD who underwent living KT.

The contribution from residual native kidney function is

unlikely to prove that PKT is superior to non-PKT in

decreasing the risk of post-transplant complications.
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