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Impact of delayed graft function on clinical 
outcomes in highly sensitized patients after 
deceased-donor kidney transplantation
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Background: We investigated whether the development of delayed graft function (DGF) 
in pre-sensitized patients affects the clinical outcomes after deceased-donor kidney 
transplantation (DDKT). 
Methods: The study included 709 kidney transplant recipients (KTRs) from three trans-
plant centers. We divided KTRs into four subgroups (highly sensitized DGF, highly sensi-
tized non-DGF, low-sensitized DGF, and low-sensitized non-DGF) according to panel re-
active antibody level of 50%, or DGF development. We compared post-transplant clinical 
outcomes among the four subgroups.
Results: Incidence of biopsy-proven acute rejection (BPAR) was higher in two highly 
sensitized subgroups than in low-sensitized subgroups. It tended to be higher in highly 
sensitized DGF subgroups than in the highly sensitized non-DGF subgroups. In addition, 
the highly sensitized DGF subgroup showed the highest risk for BPAR (hazard ratio, 3.051; 
P=0.005) and independently predicted BPAR. Allograft function was lower in the two 
DGF subgroups than in the non-DGF subgroup until one month after transplantation, but 
thereafter it was similar. Death-censored graft loss rates and patient mortality tended to 
be low when DGF developed, but it did not reach statistical significance.
Conclusions: DGF development in highly sensitized patients increases the risk for BPAR 
in DDKT compared with patients without DGF, suggesting the need for strict monitoring 
and management of such cases.
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INTRODUCTION

The term “delayed graft function” (DGF) is defined as the 
need for dialysis immediately after deceased-donor kidney 
transplantation (DDKT) mainly due to ischemic-reperfu-
sion injury [1]. In previous studies, the development of 
DGF in DDKT was reported to be approximately 10%–50% 
[2,3] and entailed ischemic damage occurring during 
brain death, organ harvest and transplantation as is a 
major mechanism [3,4]. DGF is clinically important as it 
may worsen the clinical course after transplantation [5,6]. 
Various mechanisms have been proposed to explain the 
role of DGF in deteriorating clinical prognosis after DDKT, 
resulting in progressive chronic tissue damage of allograft 
kidney [7,8]. Further, the activation of innate immune re-
sponse by ischemic damage in DGF eventually leads to the 
activation of adaptive immune system directly related to 
allograft rejection, resulting in the deterioration of allograft 
function [3,4].

Sensitization refers to the presence of alloantibody 
targeting human leukocyte antigen (HLA). Risk factors for 
HLA sensitization include prior transplantation, transfu-
sion, and pregnancy [9,10]. In a previous study, pre-trans-
plant sensitization in kidney transplantation (KT) was 
reported in up to 30% [9,11]. Pre-transplant sensitization 
to HLA is a key risk factor for the development acute al-
lograft rejection and also for adverse long-term allograft 
outcomes [9,12]. In living-donor KT (LDKT), desensitiza-
tion therapy has been shown to improve short-term and 
long-term prognosis after KT in highly sensitized patients 
because LDKT ensures sufficient time for desensitization 
[13,14]. However, in DDKT, procedures that require a lot of 
time and preparation, such as plasmapheresis, are difficult 
to perform before transplantation, and only rituximab (RTX), 
a B-cell depleting agent can be used for desensitization in 

DDKT [15,16]. Therefore, it is possible that many cases of 
DDKT may progress without enough removal of anti-HLA 
antibody.

In this regard, it is possible that the likelihood of acti-
vating an allogeneic immune response increases under 
DGF after DDKT in highly sensitized patients, and leads 
to a higher incidence of allograft rejection and worsening 
allograft survival. However, this additive effect of DGF on 
high sensitization in allograft outcomes has yet to be fully 
investigated. Therefore, the purpose of this study was to 
investigate whether the development of DGF in highly sen-
sitized patients may synergistically affect the short- and 
long-term allograft outcomes in DDKT. 

METHODS

This study was approved by the Institutional Review 
Boards of Seoul St. Mary’s Hospital (IRB. No. XC15RIM-
I0061K), Keimyung University School of Medicine, Dong-
san Medical Center (IRB. No.2017–08-019), and Uijeongbu 
St. Mary’s Hospital (IRB. No. XC15RIMI0061U). The three 
transplant centers were exempted from informed consent, 
with the approval of institutional review boards, because 
the study was explained to all KTRs before KT. Personal 
data related to the patient's clinical course post-KT was 
used and personally identifiable information was protect-
ed. This study was a retrospective medical record study, 
and this manuscript did not contain personally identifiable 
information. In addition, all study methods were performed 
in compliance with relevant guidelines and regulations.

Study Population
In this study, we included 709 cases of DDKT who received 
kidneys from 614 deceased donors (DDs) at three trans-
plant centers (Seoul St. Mary’s Hospital, Keimyung Uni-
versity Dongsan Medical Center, and Uijeongbu St. Mary’s 
Hospital) between October 2005 and December 2018. In 
all kidney transplant recipients (KTRs), the panel reactive 
antibody (PRA) level was measured via enzyme-linked im-
munosorbent assay (ELISA, LAT-M; One-Lambda Inc., Los 
Angeles, CA, USA) or the Luminex method (LIFECODES 
Life Screen Deluxe; Gen-Probe Inc., San Diego, CA, USA) as 
described previously before KT [15].

The distribution of patients in various groups is pre-
sented in Fig. 1. Highly sensitized KTRs were defined by a 
PRA level that was equal to or greater than 50% [17]. DGF 

HIGHLIGHTS

•	The combination of high sensitization and delayed graft 
function (DGF) could increase the risk of biopsy-prov-
en acute rejection, as the most important factor in al-
lograft outcome, comparing with high sensitization or 
DGF alone. 

•	In highly sensitized patients before kidney transplant 
(KT), enhanced desensitization and strict monitoring 
after KT may be necessary to prevent DGF.
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was defined by the need for dialysis in the first week after 
KT [1]. Therefore, a total of 709 KTRs were classified into 
low-sensitized and highly sensitized groups based on a 
PRA level of 50%. The low-sensitized group included 579 
(81.7%) patients and 130 (18.3%) were categorized under 
the highly sensitized group. Depending on the development 
of DGF, each group was classified into non-DGF and DGF 
subgroups. The low-sensitized group included 470 (81.2%) 
patients as a low-sensitized non-DGF subgroup and an-
other 109 (18.8%) patients classified as the low-sensitized 
DGF subgroup. The highly sensitized group included 103 
(79.2%) patients without DGF (highly sensitized non-DGF 
subgroup) and 27 (20.8%) with DGF (highly sensitized DGF 
subgroup). The median follow-up period in this study was 
55.7 months (interquartile range, 32.2–85.4 months) and 
there was no difference among the four subgroups.

Clinical Parameters and Outcomes
We retrospectively reviewed the medical records of KTRs 
and DDs. We collected data for KTRs, including age, sex, 
body mass index (BMI), history of diabetes mellitus (DM) 
and hypertension (HTN), number of previous KTs, cause of 
end-stage renal disease, number of HLA mismatches, per-
centage of PRAs, type of induction therapy, maintenance 
immunosuppressants, and cold ischemic time. Addition-
ally, we collected DD data including age, sex, BMI, history 
of DM and HTN, cause of death, last-day urine volume, 
central venous pressure and mean arterial pressure from 
hospitalization date until KT. 

The primary outcome of this study was the incidence 

of biopsy-proven acute rejection (BPAR). Secondary 
outcomes included the change of allograft function, 
death-censored graft survival, and patient mortality among 
the four subgroups. The change in allograft function was 
measured by the estimated glomerular filtration rate 
(eGFR) using the Chronic Kidney Disease Epidemiology Col-
laboration equation [18]. The eGFR data were collected up 
to 3 years (1 week, 2 weeks, 1 month, 3 months, 6 months, 
12 months, 2 years, and 3 years) after KT. Interpretation 
of protocol or indicated biopsy findings was based on the 
Banff classification 2013 [19]. The allograft biopsy includ-
ed the period immediately after KT and could also include 
the DGF period. BPAR was defined as acute T-cell-mediat-
ed rejection (TCMR) or acute antibody-mediated rejection 
(ABMR) confirmed by allograft biopsy according to Banff 
classification. Death-censored allograft survival was de-
fined as the period until dialysis was restarted or preemp-
tive KT was performed, except for death of patient with a 
functioning allograft after KT. Patient death was defined 
as the period from KT until death for any cause.

We compared the clinical outcomes among low-sen-
sitized non-DGF, low-sensitized DGF, highly sensitized 
non-DGF, and highly sensitized DGF subgroups. We also 
investigated whether high sensitization and DGF had a 
synergistic effect on the clinical outcomes. 

Statistical Analysis
Continuous variables with normal distribution were ex-
pressed as mean±standard deviation. Student t-test was 
used for the analysis. Continuous variables with non-nor-

Low-sensitized
non-DGF

Low-sensitized
DGF

Highly sensitized
non-DGF

Highly sensitized
DGF

470 DGF
negative

109 DGF
positive

103 DGF
negative

27 DGF
positive

Low-sensitized group Highly sensitized group

579 PRA <50% 130 PRA >50%

709 Total deceased donor KT

Fig. 1. Patient distribution. Of the 709 de-
ceased donor kidney transplantation (KT) 
recipients included in this study, 579 had 
panel-reactive antibody (PRA) less than 
50%, and 130 had PRA 50% or more. Of 
the deceased-donor kidney transplantation 
(DDKT) recipients with a PRA of less than 
50%, 470 did not develop delayed graft func-
tion (DGF), and 109 developed DGF. Among 
DDKT recipients with a PRA of 50% or more, 
103 did not develop DGF and 27 developed 
DGF. 
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mal distribution were expressed as medians and inter-
quartile ranges and analyzed using the one-way analysis 
of variance (one-way ANOVA) test. Categorical variables 
were expressed as counts and percentages and analyzed 
using chi-square or Fisher's exact test. The risk of BPAR in-
cidence among the four subgroups was analyzed by binary 
logistic regression analysis. Comparison of death-cen-
sored allograft survival, and patient mortality among the 
four subgroups was investigated via Cox regression anal-
ysis. As confounding variables for multivariate analysis of 
these clinical outcomes, sex, age, history of DM, previous 
KT history, and numbers of HLA mismatch were consid-
ered in KTRs. Sex, age, and DM history were considered in 
DDs. The P-values less than 0.05 were considered statis-
tically significant. All statistical analyses were performed 
using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) 

and the MedCalc statistical software ver. 15.5 (MedCalc 
Software, Ostend, Belgium).

RESULTS

Comparison of Clinical and Laboratory Parameters 
According to Pre-sensitization and Development of DGF 
We described baseline characteristics of the patients in 
the four subgroups as shown in Table 1 [20]. The develop-
ment of DGF in the low-sensitized and highly sensitized 
groups was 109 (18.8%) and 27 (20.8%), respectively, and 
there was no significant difference. Age, height, weight, 
and BMI were not different among the four groups both in 
KTRs and DDs. The proportion of male KTRs was lower or 

Table 1. Baseline demographic and immunologic characteristics of study population

Variable
Low-sensitized

non-DGF (n=470)
Low-sensitized

DGF (n=109)
Highly sensitized
non-DGF (n=103)

Highly sensitized
DGF (n=27)

Recipient
  Age (yr) 49.8±9.8 50.5±10.0 50.1±9.8 52.6±9.1
    Elderly (≥65 yr) 88 (18.7) 15 (13.8) 22 (21.4) 6 (22.2)
  Male sex 297 (63.2)c) 65 (59.6)c) 45 (43.7)a),b) 12 (44.4)
  BMI (kg/m2) 23.1±4.8 22.6±4.6 23.0±3.5 23.0±3.1
  Dialysis vintagee) 8.1±9.5 9.2±11.6 10.0±12.2 36.8±34.9
  Primary renal disease
    DM 90 (19.1) 18 (16.5) 12 (11.7) 4 (14.8)
    HTN 88 (18.7) 18 (16.5) 13 (12.6) 2 (7.4)
    CGN 198 (42.1) 52 (47.7) 61 (59.2) 19 (70.4)
    Others 94 (20.0) 21 (19.3) 17 (16.5) 2 (7.4)
  History of HTN 374 (79.6)d) 90 (82.6)d) 79 (76.7) 17 (63.0)a),b)

  History of DM 101 (21.5) 25 (22.9) 14 (13.6) 7 (25.9)
  Previous KT 28 (6.0)c),d) 10 (9.2)c),d) 33 (32.0)a),b) 12 (44.4)a),b)

Donor
  Age (yr) 46.0±14.4 45.1±14.3 45.9±14.3 45.9±13.0
    Elderly (age≥ 65 yr) 88 (18.7)b) 10 (9.2)a) 13 (12.6) 3 (11.1)
  Male sex 309 (65.7)c) 75 (68.8) 78 (75.7)a) 21 (77.8)
  BMI (kg/m2) 23.4±3.8 23.6±3.5 23.5±3.5 23.0±3.0
  HTN 99 (21.1) 21 (19.3) 15 (14.6) 3 (11.1)
  DM 49 (10.4) 7 (6.4) 7 (6.8) 3 (11.1)
  Cold ischemic time (hr) 4.2±2.1 4.8±2.2c) 3.9±2.1b) 4.5±2.4
  SCD vs. ECDf)

    SCD 318 (67.7) 80 (73.4) 78 (75.7) 21 (77.8)
    ECD 152 (32.3) 29 (26.6) 25 (24.3) 6 (22.2)
  AKI by KDIGO 240 (51.1)b),d) 76 (69.7)a),c) 48 (46.6)b),d) 20 (74.1)a),c)

  KDPI (%) 62.8±25.9 62.9±22.2 59.0±24.5 63.5±23.1
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tended to be lower in highly sensitized groups regardless 
of DGF than in low-sensitized groups. The proportion of 
re-transplant KT history was significantly higher in two 
highly sensitized subgroups than in low-sensitized group. 
Anti-thymocyte globulin (ATG) was more frequently used 
than anti-IL-2 receptor antibody as induction agent in two 
highly sensitized subgroups. The combined use of RTX 
was more frequent in the two highly sensitized subgroups. 
Almost all patients received a triple-drug maintenance 
immunosuppressive regimen with tacrolimus, mycopheno-
late mofetil (or mycophenolic acid), and steroids.

Comparison of BPAR According to Pre-sensitization and 
Development of DGF 
Three cases of allograft biopsy were performed during the 
DGF period. Two of the three allograft biopsies performed 
during the DGF period had BPAR. BPAR was detected in 
57 cases (12.1%) in the low-sensitized non-DGF subgroup, 
20 cases (18.3%) in the low-sensitized DGF subgroup, 21 
cases (20.4%) in the highly sensitized non-DGF subgroup, 
and eight cases (29.6%) in the highly sensitized DGF sub-
group. TCMR including mixed rejection occurred statisti-
cally significantly more frequently in the highly sensitized 
DGF subgroup than in the other two non-DGF subgroups 
(P=0.039, vs. low-sensitized non-DGF; P=0.018 vs. highly 

Table 1. Continued

Variable
Low-sensitized

non-DGF (n=470)
Low-sensitized

DGF (n=109)
Highly sensitized
non-DGF (n=103)

Highly sensitized
DGF (n=27)

Immunologic parameter
  Mismatch number
    <3 99 (21.1) 17 (15.6)d) 18 (17.5) 9 (33.3)b)

    ≥3 371 (78.9) 92 (84.4)d) 85 (82.5) 18 (66.7)b)

  HLA-DSA 7/434 (1.6)c),d) 4/88 (4.5)c),d) 24/100 (24.0)a),b) 5/24 (20.8)a),b)

    class I 2/434 (0.5)c),d) 0/88 (0.0)c),d) 9/100 (9.0)a),b) 3/24 (12.5)a),b)

    class II 5/434 (1.2)b),c),d) 4/88 (4.5)a),c) 18/100 (18.0)a),b) 4/24 (16.7)a)

  HLA-DSA, MFI
    1,000 to <3,000 2/434 (0.5) 4/88 (4.5) 5/100 (5.0) 2/24 (8.3)
    3,000 to <5,000 1/434 (0.2) 0/88 (0.0) 10/100 (10.0) 0/24 (0.0)
    5,000 to <10,000 3/434 (0.7) 0/88 (0.0) 4/100 (4.0) 1/24 (4.2)
    ≥10,000 1/434 (0.2) 0/88 (0.0) 5/100 (5.0) 2/24 (8.3)
  Mean MFI 3244.5c),d) 2401.7c),d) 7199.7a),b) 7391.4a),b)

Induction therapy
  Basiliximab 336 (71.5)b),c),d) 67 (61.5)a),c) 35 (34.0)a),b) 12 (44.4)a)

  ATG 134 (28.5)b),c),d) 42 (38.5)a),c) 68 (66.0)a),b) 15 (55.6)a)

  Combined rituximab 2 (0.4)c),d) 1 (0.9)c),d) 41 (39.8)a),b) 7 (25.9)a),b)

Maintenance immunosuppression
  Tac-MMF/Myf-steroid 468 (99.6) 107 (98.2) 103 (100.0) 27 (100.0)
  CSA-MMF/Myf-steroid  2 (0.4)  1 (0.9) 0 0
  SRL-MMF/Myf-steroid 0  1 (0.9) 0 0

Values are presented as mean±standard deviation or number (%). The values ​​for HLA-DSA were only for patients who had undergone HLA-DSA testing. 
In addition, the number of patients undergoing HLA-DSA test in each group was expressed in denominator. 
DGF, delayed graft function; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CGN, chronic glomerulonephritis; KT, kidney 
transplantation; SCD, standard criteria donors; ECD, expanded criteria donors; AKI, acute kidney injury; KDIGO, kidney disease improving global 
outcomes; KDPI, kidney donor profile index; HLA, human leukocyte antigen; DSA, donor-specific antibody; MFI, mean fluorescence intensity; ATG, 
antithymocyte globulin; Tac, tacrolimus; MMF, mycophenolate mofetil; Myf, mycophenolic acid; CSA, cyclosporine A; SRL, sirolimus.
a)P<0.05 vs. low-sensitized non-DGF; b)P<0.05 vs. low-sensitized DGF; c)P<0.05 vs. highly sensitized non-DGF; d)P<0.05 vs. highly sensitized DGF;  
e)For patients with a previous kidney transplant history, the years from the restart of dialysis to the date of kidney transplant was defined as the dialysis 
vintage; f)ECD was defined as all donors older than 60 years and donors older than 50 years with any two of the following criteria: (1) hypertension, (2) 
cerebrovascular cause of brain death, or (3) pre-retrieval serum creatinine level >1.5 mg/dL [20].
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sensitized non-DGF). However, in ABMR including mixed 
rejection, none of the subgroups showed statistically sig-
nificant differences (Table 2). In the crude model of BPAR 
incidence, the hazard ratio of two highly sensitized sub-
groups was significantly higher than in the low-sensitized 
non-DGF subgroup (reference subgroup) (P=0.029; hazard 
ratio [HR], 1.856; 95% confidence interval [CI], 1.067–3.228 
vs. highly sensitized non-DGF and P=0.012; HR, 3.051; 95% 
CI, 1.277–7.291 vs. highly sensitized DGF). The low-sen-
sitized DGF subgroup tended to manifest a higher BPAR 
incidence than the reference subgroup, but it was not sig-
nificant (P=0.087; HR, 1.628; 95% CI, 0.931–2.846). Simi-
larly, in the adjusted model, BPAR incidence of two highly 
sensitized subgroups compared with the reference sub-
group was statistically significantly higher (P=0.029; HR, 
1.866; 95% CI, 1.065–3.269 vs. highly sensitized-non-DGF 

and P=0.005; HR, 3.631; 95% CI, 1.481–8.904 vs. highly 
sensitized-DGF). Within two highly sensitized subgroups, 
the BPAR risk tended to be higher in the highly sensitized 
DGF subgroup than in the highly sensitized non-DGF group 
(P=0.235; HR, 1.638; 95% CI, 0.725–3.700). In addition, in 
the adjusted model, BPAR incidence was independently 
influenced by elderly recipients above 65 years of age and 
with greater than three HLA mismatches (P=0.019; HR, 
0.451; 95% CI, 0.232–0.877 and P=0.006; HR, 2.521; 95% 
CI, 1.295–4.904) (Table 3, Fig. 2). 

Comparison of Allograft Function According to Pre-
sensitization and Development of DGF 
The allograft function was significantly lower by one 
month after KT in two DGF subgroups compared with the 
other two non-DGF subgroups. However, in two DGF sub-

Table 2. Comparison of BPAR across the four subgroups

Variable
Low-sensitized

non-DGF
Low-sensitized

DGF
Highly sensitized

non-DGF
Highly sensitized

DGF
BPAR 57 (12.1)b),c) 20 (18.3) 21 (20.4)a) 8 (29.6)a)

BPAR type
  TCMR 38 (66.7) 14 (70.0) 6 (28.6) 4 (50.0)
  ABMR 9 (15.8) 2 (10.0) 6 (28.6) 1 (12.5)
  Mixed 6 (10.5) 1 (5.0) 0 2 (25.0)
  Others 4 (7.0) 3 (15.0) 9 (42.9) 1 (12.5)
TCMR including mixed rejection 44 (9.4)c) 15 (13.8) 6 (5.8)c) 6 (22.2)a),b)

ABMR including mixed rejection 15 (3.2) 3 (2.8) 6 (5.8) 3 (11.1)
Values are presented as number (%); the percentage in the BPAR type is for the total number of BPARs. A total of 303 KTRs underwent allograft biopsy, of 
which BPAR was identified in 106 KTRs (35.0%). This is the result of BPAR which was confirmed at least once in KTRs who underwent repeated biopsy.
BPAR, biopsy proven acute rejection; DGF, delayed graft function; TCMR, T-cell-mediated rejection; ABMR, antibody-mediated rejection; KTR, kidney 
transplantation recipient.
a)P<0.05 vs. low-sensitized non-DGF; b)P<0.05 vs. highly sensitized non-DGF, c)P<0.05 vs. highly sensitized DGF.

Table 3. Univariate and multivariate binary logistic regression analysis for BPAR incidence

Variable
Crude model Adjusted modela)

HR 95% CI P-value HR 95% CI P-value
Low-sensitized non-DGF Reference Reference
Low-sensitized DGF 1.628 0.931–2.846 0.087 1.532 0.871–2.692 0.138
Highly sensitized non-DGF 1.856 1.067–3.228 0.029 1.866 1.065–3.269 0.029
Highly sensitized DGF 3.051 1.277–7.291 0.012 3.631 1.481–8.904 0.005
Elderly recipient - - - 0.451 0.232–0.877 0.019
MN (≥3) - - - 2.521 1.295–4.904 0.006

BPAR, biopsy proven acute rejection; HR, hazard ratio; CI, confidence interval; DGF, delayed graft function; MN, mismatch number.
a)Adjusted by several recipient and donor factors. Recipient factors included sex, age, history of diabetes mellitus, previous kidney transplant history, and 
human leukocyte antigen mismatch number. And donor factors included sex, age, and history of diabetes mellitus. Elderly was defined as 65 years or 
older.
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groups, allograft function was improved gradually after KT, 
and there was no statistically significant difference among 
the four subgroups from 3 months to 1 year after KT (Fig. 
3). No statistically significant differences were found in al-
lograft function after KT between two non-DGF subgroups 
or between two DGF subgroups. 

Comparison of Death-Censored Allograft Survival 
According to Pre-sensitization and Development of DGF 
Death-censored allograft loss up to 10 years after KT oc-
curred in 26 cases (5.5%) in the low-sensitized non-DGF 
subgroup, 14 cases (12.8%) in the low-sensitized DGF sub-
group, five cases (4.9%) in the highly sensitized non-DGF 
subgroup, and four cases (14.8%) in the highly sensitized 
DGF subgroup. Acute or chronic rejection was the most 

50

40

30

20

10

24

B
P

A
R

in
c
id

e
n
c
e

(%
)

Post transplantation time (mo)

0 18126

Low-sensitized non-DGF
Low-sensitized DGF
Highly sensitized non-DGF
Highly sensitized DGF

Log rank test, P=0.02

Fig. 2. Comparison of biopsy-proven acute rejection (BPAR) incidence in 
the four subgroups by Kaplan-Meier analysis. DGF, delayed graft function.

Table 4. Univariate and multivariate Cox proportional hazards analysis for death-censored allograft survival and patient mortality
Crude model Adjusted modela)

HR 95% CI P-value HR 95% CI P-value
Death-censored allograft survival - - - - - -
  Low-sensitized non-DGF Reference Reference
  Low-sensitized DGF 2.352 1.226–4.510 0.010 2.523 1.307–4.872 0.006
  Highly sensitized non-DGF 0.776 0.270–2.227 0.637 0.805 0.280–2.312 0.686
  Highly sensitized DGF 2.281 0.689–7.545 0.177 2.366 0.714–7.835 0.159
Patient mortality - - - - - -
  Low-sensitized non-DGF - Reference - - - -
  Low-sensitized DGF 2.173 0.974–4.848 0.058 - - -
  Highly sensitized non-DGF 1.363 0.505–3.676 0.541 - - -
  Highly sensitized DGF 2.977 0.877–10.107 0.080 - - -
HR, hazard ratio; CI, confidence interval; DGF, delayed graft function.
a)Adjusted by several recipient and donor factors. Recipient factors included sex, age, history of diabetes mellitus, previous kidney transplant history, and 
human leukocyte antigen mismatch number. And donor factors included sex, age, and history of diabetes mellitus. 
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common cause of death-censored allograft loss in all four 
subgroups (Supplementary Table 1). In the crude model, 
death-censored allograft survival rate was significantly 
lower only in the low-sensitized DGF subgroup than in the 
reference subgroup (P=0.010; HR, 2.352; 95% CI, 1.226–
4.510). In the adjusted model, death-censored allograft 
survival rate was significantly lower only in the low-sen-
sitized-DGF subgroup than in the reference subgroup 
(P=0.006; HR, 2.523; 95% CI, 1.307–4.872) (Table 4, Fig. 4). 

Comparison of Patient Mortality According to Pre-
sensitization and Development of DGF 
Patient death up to 10 years after KT occurred in 18 cases 
(3.8%) in the low-sensitized non-DGF subgroup, nine cas-
es (8.3%) in the low-sensitized DGF subgroup, five cases 
(4.9%) in the highly sensitized non-DGF subgroup, and 
three cases (11.1%) in the highly sensitized DGF subgroup. 
Among the causes of patient death, infection was the 
most common in all four subgroups during the observation 
period. We observed infection-related death in 10 cases 
(55.6%) in the low-sensitized non-DGF subgroup, five cases 
(55.6%) in the low-sensitized DGF subgroup, three cases 
(60.0%) in the highly sensitized non-DGF subgroup, and 
three cases (100.0%) in the highly sensitized DGF subgroup 
(Supplementary Table 1). In the univariate Cox regression 
model, patient mortality tended to be higher in the two DGF 
groups, but was not statistically significant (P=0.058 vs. 
low-sensitized-DGF; P=0.541 vs. highly sensitized non-DGF; 
P=0.080 vs. highly sensitized DGF) (Table 4, Fig. 5).

DISCUSSION

In this study, we found that DGF in highly sensitized 
patients after DDKT increased BPAR compared with 
pre-sensitization or DGF alone. The results suggest that in 
pre-sensitized patients, the development of DGF can result 
in adverse synergistic effect for allograft outcomes, espe-
cially higher incidence of allograft rejection. 

The proportion of study population using ATG as induc-
tion therapy in the pre-sensitized group was 63.8%, which 
was higher than that of the low-sensitized group (30.4%). 
In addition, in the pre-sensitized group, the proportion of 
patients exposed to combined RTX as induction therapy 
was 36.9%. The risk factors for development of DGF have 
been associated with various immunological and non-im-
munological factors in KT donors and recipients [3]. In our 
study, the DGF group manifested significantly higher acute 
kidney injury in DDs than the non-DGF group, but there was 
no significant difference in other risk factors for DGF, such 
as recipients who were obese or diabetic, with prolonged 
cold ischemic time, and expanded criteria donor. A higher 
proportion of patients using ATG or combined RTX in the 
pre-sensitized group might have reduced the risk of devel-
oping DGF associated with pre-sensitization. Until recently, 
the effect of ATG compared with other induction therapies 
or the effect of combined RTX as an induction therapy in 
the development of DGF has been debated; however, some 
studies have reported promising results [21,22].

In this study, our main objective was to investigate 
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whether development of DGF can increase the risk for 
allograft rejection in pre-sensitized patients. Previous 
reports showed that the development of DGF increased 
the expression of HLA antigens associated with isch-
emia-reperfusion injury [23]. In addition, ischemia-reper-
fusion injury not only triggers innate immunity including 
complement system via toll-like receptor signaling, but 
also activates dendritic cells [24,25]. These dendritic cells 
mature in the lymphatic system and activate T cells and B 
cells by upregulation of co-receptors such as CD80, CD86, 
and CD40 to the cell surface [26]. Therefore, we hypothe-
sized that the combination of DGF and pre-sensitization 
may augment the activation of allo-immune responses 
after DDKT. As a result, in this study, the highly sensitized 
DGF subgroup reported the highest incidence of BPAR.

In addition, in the adjusted model for BPAR incidence 
in this study, we found that elderly recipients and HLA mis-
match were independent factors affecting BPAR incidence. 
In this study, when the age of KTR was below 65 years, the 
incidence of BPAR was twice higher than that of elderly 
KTRs (16.4% vs 8.4%). Previous studies by Meier-Kriesche 
et al. [27] and Tullius and Milford [28] reported that fewer 
acute rejections occurred with increasing KTR age. Our 
findings were consistent with the previous studies. Al-
though the lower incidence of acute rejection in elderly 
recipients is unclear, it might be primarily associated with 
impaired cellular immunity, and alterations in B cells might 
be secondary to T cell dysfunction [29,30]. 

In this study, BPAR incidence was 2.5-fold higher in pa-
tients with more than three HLA mismatches than in those 
with fewer than three HLA mismatches (17.3% vs 7.7%). A 
few previous studies have reported that higher HLA mis-
matches increase acute rejection, which was consistent 
with our findings [31,32]. HLA mismatch is known to be as-
sociated with immunogenicity, which has been attributed 
to amino acid polymorphism in donor HLA [33]. In addition, 
Kosmoliaptsis et al. [33] showed that the differences in 
epitopes formed by polymorphic amino acids can be used 
as a predictive model compared with traditional methods, 
such as the difference in HLA mismatches in the progno-
sis after KT. In our study, no HLA mismatch method was 
used, suggesting the need for further studies.

HLA donor-specific antibodies (HLA-DSAs) measured 
by single antigen bead (SAB) method had superior impact 
for the clinical outcomes of KTRs than that of previous 
tests for sensitization [34,35]. Recently, Wehmeier et al. 
[35] also reported that the presence of HLA-DSA using 
SAB method reflected ABMR and allograft loss better than 

broadness of sensitization using PRA. However, the cut-off 
value for the titer of HLA-DSA varied from mean fluores-
cence intensity (MFI) 1,000 to 10,000 for each center or 
study [10,36]. We also performed post-hoc subgroup anal-
ysis of KTRs with HLA-DSA measured via SAB assay. Pos-
itive HLA-DSA was defined as MFI 1,000 or higher. Howev-
er, only nine KTRs carried HLA-DSA in the DGF subgroup. 
In the univariate binary regression analysis performed via 
post-hoc subgroup analysis, the BPAR incidence did not 
show significant difference. Furthermore, no significant 
difference in death-censored allograft survival and patient 
mortality in post hoc subgroup analysis was detected in 
univariate Cox regression analysis. Differences among 
participating centers may be due to the recent introduc-
tion of the HLA-DSA test in DDKT recipients in our study. 
In addition, HLA-DQ was included in the SAB method only 
recently.

We also investigated the impact of RTX on acute rejec-
tion in patients combined with DGF and pre-sensitization. 
In our previous study, it was found that the use of RTX in 
highly sensitized patients with PRA of 50% or more sig-
nificantly reduced the incidence of rejection [15]. In con-
trast, in this study, the BPAR incidence of the highly sen-
sitized group was 18/82 (22.0%) without RTX and 11/48 
(22.9%) with RTX, and there was no significant difference 
(P=0.898). However, in our previous study, only 18.8% 
(6/32) of the patients in the RTX group were included as 
DDKT patients. In this study, the number included in the 
RTX group was small, which may be insufficient to deter-
mine a significant effect. Therefore, further large-scale 
investigations are needed. 

In contrast, death-censored allograft survival was only 
associated with the development of DGF; however, it was 
not affected by pre-sensitization. Previous meta-analyses 
reported that DGF increased allograft loss, and recent 
studies also showed lower death-censored allograft surviv-
al with DGF development [5,37]. Several studies reported 
that the development of DGF was reduced by identifying 
and modifying the risk factors for DGF [2-4]. However, 
until now, no specific treatment for the development of 
DGF is available. Therefore, long-term outcomes involving 
DGF may not be modified. In this study, the incidence of 
death-censored allograft loss in two highly sensitized sub-
groups was 2/83 (2.4%) with ATG use and 5/47 (10.6%) 
with basiliximab use, 1/48 (2.1%) with combined RTX use 
and 6/82 (7.3%) without combined RTX use (P=0.098, 
P=0.259). Although no significant differences were found 
among the highly sensitized subgroups in our study, 
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death-censored allograft loss tended to be lower with ATG 
use or combined RTX use. A previous randomized trial 
and a recent study reported no difference in allograft loss 
between those who used ATG and basiliximab [38,39]. In 
the previous randomized controlled trial, death-censored 
allograft loss was reported in 11/138 (8.0%) with com-
bined RTX use, which was lower than 18/142 (12.7%) in 
the group without RTX use; however, there was no statisti-
cally significant difference [22]. However, neither of these 
studies had a high level of sensitization. In addition, there 
were limitations associated with short observation period 
or single-center study. Therefore, the use of enhanced in-
duction therapy or combined RTX in a large study popula-
tion involving highly sensitized patients may be associated 
with a reduction in death-censored allograft loss.

Meanwhile, the two DGF subgroups tended to show in-
creased patient mortality, but it was not statistically signif-
icant and had little effect on patient mortality by pre-sen-
sitization. The relationship between development of DGF 
and patient mortality is still disputed. Yarlagadda et al. [5] 
reported that the development of DGF did not increase 
patient mortality via meta-analysis of six previous studies. 
Studies included in this meta-analysis used a 5-year mor-
tality rate and if the observation period exceeded 5 years, 
there may be a difference in the mortality rate depending 
on the DGF development, especially in those returning to 
dialysis after allograft loss. In contrast, in another recent 
study, Tapiawala et al. [40] reported that the development 
of DGF increased patient mortality. Based on an analysis 
of 50,000 subjects included in the US Renal Data System, 
the investigators reported that DGF increased the mortality 
rate 6 and 12 months later. Therefore, DGF development 
may be associated with an increase in patient mortality. 
In addition, we used censoring to analyze when there was 
follow-up loss or no death during the observation period; 
therefore, the number of patient deaths might be higher.

The study has limitations related to the retrospective 
design, which increases the possibility of selection bias. 
Further, a total of 709 patients were analyzed, but the num-
ber of patients in the highly sensitized DGF subgroup was 
only 27. In addition, few cases of clinical outcomes were 
detected in this subgroup, including eight cases of BPAR, 
three cases of death-censored graft loss, and three cas-
es of patient death. In the absence of serial biopsies, the 
impact of the rejection reaction may have been underesti-
mated, and we might not understand the impact of chronic 
allograft tissue injury. Finally, the standard of pre-sensiti-
zation was set to the level of PRA. Therefore, large-scale 

investigations using SAB for HLA-DSA are needed in the 
future. 

In conclusion, the combination of high sensitization 
and DGF development could increase the risk of BPAR, as 
the most important factor in allograft outcome, comparing 
with high sensitization or DGF alone. Therefore, enhanced 
desensitization and strict monitoring after KT may be nec-
essary to prevent DGF development in highly sensitized 
patients before KT.
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