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Abstract
Background: Diabetes nephropathy is one of the most com-
mon causes of end-stage kidney disease (ESKD) worldwide. 
The data are clear that kidney transplantation is superior to 
remaining on dialysis for patients with diabetes. However, 
there have been no reports on ABO-incompatible kidney 
transplantation in patients with ESKD due to diabetes ne-
phropathy. Patients and Methods: We conducted a retro-
spective, observational study to investigate the clinical out-
comes of ABO-incompatible kidney transplantation for pa-
tients with pre-existing diabetes nephropathy at our 
institution from April 2011 to October 2017. A total of 14 re-
cipients were enrolled in this study. Results: All 14 patients 
underwent successful kidney transplantation. Both overall 
patient and graft survival rates were 100, 89.9, and 89.9% at 
1, 3, and 5 years, respectively. One patient died 20 months 
after transplantation with a functioning graft due to pancre-
as cancer. Two of the 14 patients (14.3%) developed biopsy-
proven acute cellular rejection during the follow-up period. 
The median observation period was 32.0 months (range 

5–83 months). Conclusion: ABO-incompatible kidney trans-
plantation may be an acceptable renal replacement therapy 
for ESKD patients with diabetes. © 2019 The Author(s) 

Published by S. Karger AG, Basel

Introduction

While a steady decline in mortality rates among pa-
tients with type 2 diabetes has been observed over time in 
the general population, outcomes of kidney transplanta-
tion in patients with diabetes remain inferior compared 
with those of non-diabetic recipients [1]. Kidney trans-
plant recipients with diabetes have a higher mortality 
than those without diabetes because of their elevated 
 incidence of risk complications such as cardiovascular 
disease and infection [2, 3]. Moreover, a recent report 
demonstrated that pre-existing diabetes is a risk factor for 
increased rates of cellular rejection after kidney trans-
plantation [4]. However, the data are clear that kidney 
transplantation is superior to remaining on dialysis for 
patients with diabetes [5]. 

In Japan, due to the severe shortage of deceased do-
nors, the number of ABO-incompatible kidney trans-
plantation is currently increasing, accounting for more 
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than 30% of all living donor kidney transplants. Although 
it is considered to be an immunologically high-risk pro-
cedure, excellent outcomes have been achieved [6–9]. Di-
abetes nephropathy is one of the most common causes of 
end-stage kidney disease (ESKD) worldwide and is the 
most frequent cause of ESKD in Japan. However, there 
have been no reports on ABO-incompatible kidney trans-
plantation for patients who developed ESKD due to dia-
betes nephropathy. In the present pilot study, we summa-
rized our experience with ABO-incompatible kidney 
transplantation in ESKD patients with diabetes.

Patients and Methods

We conducted a retrospective, observational study to investi-
gate our clinical experience with ABO-incompatible kidney trans-
plantation in patients with ESKD due to diabetes nephropathy at 
our institution, focusing on the rates of acute cellular rejection and 
antibody-mediated rejection, complications, and patient and graft 
survivals. A total of 140 patients underwent living donor kidney 
transplantation at our institution from April 2011 to October 2017, 
of which 46 recipients received ABO-incompatible donor grafts. 
Among them, there were 14 patients with pre-existing diabetes 
nephropathy, and these patients were followed up until April 2018. 
The diagnosis of diabetes nephropathy was confirmed by a ne-
phrologist as well as preexisting diabetic retinopathy [10].

Desensitization protocols for ABO-incompatible kidney trans-
plantation have been developed over time, and we have utilized the 
optimal protocol available at the time. Our protocols have been 
described previously [9, 11–17]. Briefly, as our present standard 
desensitization protocol to remove the anti-A/B antibodies, the 
patients underwent plasmapheresis prior to kidney transplanta-
tion until the antibody titers were less than 1: 16. The patients re-
ceived 1 (before December 2011) or 2 doses (after January 2012) 
of rituximab (150 mg/m2) prior to transplantation to inhibit anti-
body production [16]. Pretransplant desensitization consisted of 
administration of 2 weeks (after January 2012) or 4 weeks (before 
December 2011) of mycophenolate mofetil (MMF) 0.5–1.0 g/day 
or everolimus 1.5 g/day for B-cell lymphocyte suppression. Basic 
immunosuppression after transplantation consisted of basilix-
imab, steroid, calcineurin inhibitors (cyclosporine [CsA] or tacro-
limus [Tac]), and MMF or everolimus. In the immunosuppression 
regimen with everolimus, the dose was adjusted to target CsA 
trough levels of 100–200 ng/mL at 0–2 months, 75–150 ng/mL at 
2–4 months, 50–100 ng/mL at 4–6 months, and 25–50 ng/mL at 
more than 6 months after transplant, and to target Tac trough lev-
els of 4–7 ng/mL at 0–6 months and 2–4 ng/mL at more than 6 
months after transplant. In the immunosuppression regimen with 
MMF, the dose was adjusted to target CsA trough levels of 200–250 
ng/mL at 0–1 month, 150–200 ng/mL at 1–2 months, 100–150 ng/
mL at 2–3 months, and 80–120 ng/mL at more than 3 months after 
transplant, and to target Tac trough levels of 8–12 ng/mL at 0–1 
month, 8–10 ng/mL at 1–2 months, 6–8 ng/mL at 2–3 months, and 
5–8 ng/mL at more than 3 months after transplant. Our desensiti-
zation protocol was modified depending on age [13, 14], rebound 
of antibody titers, or baseline antibody titer. In cases that seemed 

to be high risk, additional desensitization was performed to avoid 
antibody-mediated rejection by anti-A/B antibodies. The patients 
with anti-A/B antibody titers of more than 1: 1048 received 2 doses 
of rituximab (150 mg/m2) and additionally underwent splenecto-
my (case 1 and 3) [15]. This study was approved by the Ethics 
Committee of Osaka City University Graduate School of Medicine 
(No. 3957). Opt-out consent was obtained instead of written in-
formed consent. We provided patients with information explain-
ing the proposed research plan (the purpose, required individual 
data, and duration of research) by means of an information website 
of our hospital and gave them the opportunity of opt-out. All the 
procedures were in accordance with the Helsinki Declaration of 
2000 and the Declaration of Istanbul 2008.

For treatment of acute cellular rejection episodes, methylpred-
nisolone was administered at a dose of 500 mg/day for 3 days alone 
or in combination with deoxyspergualin (5 mg/kg/day: 5–7 days). 
When resistance to these drugs was confirmed, anti-human thymo-
cyte immunoglobulin was administered. For treatment of antibody-
mediated rejection, plasmapheresis was performed, and rituximab 
was administered. Acute cellular rejection and antibody-mediated 
rejection were histologically diagnosed by light microscopy of graft 
biopsy specimens according to the Banff 2007–2013 criteria. Sur-
veillance biopsies were performed once before discharge from hos-
pital, which was a month after surgery for most patients, or within 
3 months after surgery in all patients. When clinically indicated by 
rising serum creatinine or decreasing urine output, episode biopsies 
were performed. Anti-A/B antibody titers were measured pre- and 
post-transplantation. The saline agglutination technique was used 
for the measurement of anti-IgM titers, and the indirect Coombs’ 
test was used for the measurement of anti-IgG titers. 

Results

Patient Characteristics (Table 1)
The mean age of the recipients and donors at trans-

plantation was 54.6 ± 10.5 and 54.2 ± 11.1 years, respec-
tively. The median HLA mismatches were 3.5 antigens 
(0–6 antigens). The mean dialysis duration was 16.4 ± 
16.2 months. Four recipients (28.6%) enrolled in this 
study had experienced cardiovascular disease. All pa-
tients had pre-existing type 2 diabetes and no patients had 
type 1 diabetes in this study. The mean diabetes duration 
was 19.3 ± 7.21 months, and all recipients had diabetic 
retinopathy. The median observation period was 32.0 
months (range 5–83 months). No patient had pre-formed 
donor-specific antibodies before transplantation by the 
panel reactive antibody screening test. The patient char-
acteristics are given in Table 1.

Desensitization (Table 2)
Our standard desensitization protocol for ABO-in-

compatible kidney transplantation is shown in Figure 1. 
The median initial anti-A/B IgG and IgM titers were 1: 16 
(1: 2–1: 2048) and 1: 16 (1: 2–1: 512), respectively. The me-
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dian number of plasmapheresis sessions prior to trans-
plantation was 3 (1–13). Three patients received 2 doses 
of rituximab, and the others received a single dose of 
rituximab. Two recipients underwent splenectomy and 
rituximab administration due to high anti-A/B antibody 
titers. As pretransplant desensitization for B cell deple-
tion, 12 received MMF and 2 received everolimus. After 
desensitization, anti-A/B IgG and IgM antibody titers be-
fore transplantation decreased to below 1: 16 in all cases. 

Postoperative anti-A/B antibody titers remained sup-
pressed without plasmapheresis. All the recipients expe-
rienced no significant post-operative anti-A/B antibody 
titer elevation causing antibody-mediated rejection.

Patient and Graft Survivals (Table 3)
All 14 patients underwent successful kidney trans-

plantation. Both overall patient and graft survival rates 
were 100, 89.9, and 89.9% at 1, 3, and 5 years,  respectively. 

Table 1. Patient characteristics

Case Gender Age at  
transplant,  
years

Donor 
relation

Donor 
age, 
years

Dialysis 
duration, 
months

HLA 
mismatch 
(antigen)

Initial anti-A/B 
antibody titer 
(IgG)

Initial anti-A/B 
antibody titer 
(IgM)

Cardiovascular disease 
history

Diabetes 
duration, 
years

Diabetic 
retinopathy
history

1 M 57 Wife 55 9 2 1,024 64 23 +
2 M 49 Wife 52 3 5 64 8 Brain infarction 15 +
3 M 55 Wife 56 26 6 8,192 256 13 +
4 F 64 Husband 59 9 4 512 256 Angina pectoris 23 +
5 F 69 Wife 69 9 3 8 16 27 +
6 F 33 Uncle 58 23 2 16 32 13 +
7 M 65 Wife 63 54 4 64 64 Arteriosclerosis obliterans, 

myocardial infarction
35 +

8 M 62 Son 30 43 2 8 16 Angina pectoris 23 +
9 M 51 Wife 49 24 4 8 16 17 +

10 M 66 Wife 74 0 3 64 64 16 +
11 M 53 Wife 51 16 4 4 4 14 +
12 M 51 Wife 49 8 4 32 32 16 +
13 F 37 Husband 39 0 2 32 32 28 +
14 M 53 Brother 55 5 0 8 8 7 +

Table 2. Desensitization

Case CNI 
(CsA/Tac)

MMF/
everolimus

Dose of 
rituximab

Number of 
plasmapheresis

Splenectomy

1 CsA MMF 2 8 +
2 CsA MMF 2 4 –
3 Tac MMF 2 13 +
4 CsA MMF 1 3 –
5 CsA MMF 1 3 –
6 CsA EVR 1 3 –
7 Tac MMF 1 5 –
8 CsA EVR 1 2 –
9 Tac MMF 1 2 –

10 Tac MMF 1 4 –
11 Tac MMF 1 2 –
12 Tac MMF 1 4 –
13 CsA MMF 1 2 –
14 Tac MMF 1 1 –

CNI, calcineurin inhibitor; CsA, cyclosporine; Tac, tacrolimus; MMF, mycophenolate mofetil.
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Death-censored graft survival rates were 100% at 5 years. 
One patient died 20 months after transplantation with a 
functioning graft due to pancreas cancer. The other 13 
patients did not experience graft loss or death after trans-
plantation and maintained good graft functions. The 
mean estimated glomerular filtration rate was 44.8 ± 12.1 
mL/min/1.73 m2.

Changes in Diabetes Treatment and HbA1c
Two patients received no treatment, 4 received anti-

diabetic drugs, 3 received both anti-diabetic drugs and 
insulin therapy, and 5 received insulin therapy for treat-
ment of diabetes at transplantation. The mean values of 
body mass index and HbA1c levels were 26.7 ± 3.3 kg/m2 
and 6.2 ± 0.9% at transplantation, respectively. After 
transplantation, all recipients required insulin therapy, 
and 2 were administered with additional anti-diabetic 
drugs such as sodium glucose co-transporter 2 inhibitors 
and glinide. The mean values of body mass index and 
HbA1c levels were 27.3 ± 4.2 kg/m2 and 6.9 ± 0.5% at the 
end of follow-up period, respectively. There were no sig-
nificant differences in body mass index and HbA1c be-
tween at transplant and the end of the follow-up period.

Rejections (Table 3)
Two of the 14 patients (14.3%) developed Banff IA bi-

opsy-proven acute cellular rejection during the follow-up 
period. One patient was diagnosed with Banff IA (t2, i1, 
g0, v0, ptc1, c4d[–]) by surveillance biopsy before dis-
charge and another was diagnosed with Banff IA (t2, i2, 

g0, v0, ptc1, c4d[–]) by episode biopsy, when serum cre-
atinine level increased and acute rejection was suspected 
3 months after transplant. Both patients were successful-
ly treated with steroid-pulse therapy and administration 
of deoxyspergualin. There were no changes in glomeru-
losclerosis, interstitial fibrosis, and tubular atrophy. Bor-
derline changes were excluded as acute cellular rejections 
in this study. No recipients underwent antibody-mediat-
ed rejection. 

Outcomes and Complications (Table 3)
Six patients experienced cytomegalovirus reactivation 

revealed by cytomegalovirus antigenemia. However, no 
obvious invasive tissue disease occurred. One patient ex-
perienced pneumocystis pneumonia, which was treated 
with administration of sulfamethoxazole/trimethoprim 
2 months after kidney transplantation and developed 
cholecystitis requiring cholecystectomy 10 months after 
kidney transplantation. Two patients developed lym-
phocele, which was treated by drainage during the peri-
operative period. Ten patients experienced late-onset 
neutropenia that was suspected to be caused by ritux-
imab administration. They recovered from neutropenia 
by administration of granulocyte-colony stimulating fac-
tor and/or MMF temporary discontinuation. One pa-
tient developed carcinoma of the body and tail of the 
pancreas, and was treated by distal pancreatectomy with 
splenectomy. However, he died 20 months after trans-
plantation. One recipient underwent postoperative dif-
fuse pelvic hemorrhage that needed surgical intervention 

MMF
Everolimus

Calcineurin inhibitor

Methyleprednisolone

Cyclosporine or tacrolimus

20 mg 20 mg

40 mg 24 mg 12 mg 8 mg 4 mg p.o.500 mg i.v.

150 mg/m2

–14 –7 –3 0 4 7 14 21 28 Days after transplant

Basiliximab

Rituximab

Plasmapheresis

Mycophenolate mofetil 1.0 g/day or everolimus 1.5 mg/dayMMF 1.0 g/day or everolimus 1.5 mg/day

Fig. 1. Immunosuppressive protocol for standard ABO-incompatible kidney transplantation. MMF, mycophe-
nolate mofetil.
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during the perioperative period. One experienced severe 
anemia after kidney transplantation due to passenger 
lymphocyte syndrome. 

Discussion

Recently, ABO-incompatible kidney transplantation 
has become a viable treatment option in Japan [6–9]. 
However, there have been no reports regarding ABO-in-
compatible kidney transplantation for patients who de-
veloped ESKD due to diabetes nephropathy. In this sin-
gle-center pilot study, both overall patient and graft sur-
vival rates were 100, 89.9, and 89.9% at 1, 3, and 5 years, 
respectively. Our present study demonstrated acceptable 
short-term outcomes of ABO-incompatible kidney trans-
plantation in diabetic recipients, although one patient 
died from pancreas cancer with a functioning graft at 20 
months after transplantation. To our knowledge, this 
may be the first demonstration of ABO-incompatible 
kidney transplant outcomes in recipients with diabetes. 

Our results suggested that ABO-incompatible kidney 
transplantation might be an effective treatment for ESKD 
due to diabetes nephropathy.

It has been established that kidney transplantation is 
superior to remaining on dialysis for patients with diabe-
tes [5]. Among these patients, the survival rate benefit of 
kidney transplantation has been reported to be signifi-
cantly larger compared to that of non-diabetic patients 
[18]. Therefore, people with diabetes and ESKD should 
be actively considered for kidney transplantation as the 
optimal choice of renal replacement therapy. The out-
comes of living donor kidney transplantation are signifi-
cantly better than those of deceased donor transplanta-
tion [19]. ABO-incompatible living donor kidney trans-
plantation may therefore be a favorable renal replacement 
therapy for ESKD patients with diabetes. 

ABO-incompatible kidney transplantation is immu-
nologically a high-risk procedure and requires intensive 
immunosuppressive therapy including plasmapheresis 
and/or rituximab administration [6–9, 14, 15]. Some re-
ports have shown that there are elevated risks of infec-

Table 3. Outcomes and complications

Case Patient 
survival

Graft 
survival

Current eGFR, 
mL/min/1.73m2

Acute cellular 
rejection

Antibody-
mediated  
rejection

CMV 
antigenemia

Other complications

1 + + 62 – – +

2 + + 40.96 – – +

3 + + 44.7 – – + Pneumocystis pneumonia, 
 cholecystitis and cholecystectomy

4 + + 42.96 – – + Passenger lymphocyte syndrome

5 + + 32.73 + – +

6 + + 31.25 – – –

7 – – – – – Carcinoma of the body and tail of 
the pancreas

8 + + 34.21 – – +

9 + + 52.39 – – – Lymphocele

10 + + 29.22 + – – Pelvic hemorrhage

11 + + 35.18 – – – Lymphocele

12 + + 56.21 – – –

13 + + 62.67 – – –

14 + + 57.9 – – –

eGFR, estimated glomerular filtration rate; CMV, cytomegalovirus.
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tious complications in diabetic kidney transplant recipi-
ents [20, 21]. The risks of such infectious complications 
in ABO-incompatible kidney transplant recipients with 
diabetes may increase due to diabetic conditions and in-
tensive immunosuppressive therapy. In our study, one 
patient developed pneumocystis pneumonia 2 months af-
ter kidney transplantation. Six recipients experienced cy-
tomegalovirus reactivation revealed by cytomegalovirus 
antigenemia, although no obvious invasive tissue disease 
occurred. An effort to establish an optimal immunosup-
pressive protocol for diabetic ABO-incompatible kidney 
transplantation is necessary to minimize infectious com-
plications while avoiding rejection in future. 

A recent study demonstrated significant improvements 
between 1996 and 2007, with 5-year mortality rates for kid-
ney transplant recipients with type 2 diabetes approaching 
those of non-diabetic recipients between 2005 and 2007 
[22]. However, kidney transplant recipients with diabetes 
have a higher mortality than those without diabetes be-
cause of their elevated risk of cardiovascular complications 
and infectious complications [2, 3]. Several reports dem-
onstrated that recipients with diabetes had a higher fre-
quency of cardiovascular events and deteriorated patient 
survival rates [3, 23]. Four patients enrolled in this study 
had cardiovascular disease before transplantation. We 
routinely consult with the cardiology department for pre-
operative cardiac risk assessment. Whenever necessary, 
myocardial scintigraphy (n = 10) and coronary arteriogra-
phy (n = 3) were performed. Percutaneous coronary inter-
vention was performed before transplant in one patient. 
Symptomatic peripheral artery disease was treated prior to 
kidney transplantation, but the patients were not exam-
ined for asymptomatic peripheral artery disease. No pa-
tients underwent cardiovascular events, although the fol-
low-up period was short. Intensive desensitization re-
quired for ABO-incompatible kidney transplantation may 
not cause cardiovascular events at an early post-transplant 
period. However, a long follow-up period is necessary to 
evaluate the incidence of cardiovascular events in these re-
cipients. Interestingly, a previous report showed that the 
administration of rituximab led to clearly reduced plasma 
levels of predictors of cardiovascular disease [24].

Acute cellular rejection is considered to be a major risk 
factor for chronic antibody-mediated rejection which af-
fects long-term graft survival [25]. Previous reports have 
shown that hyperglycemia might be associated with an 
increased risk of acute allograft rejection in transplant re-
cipients with diabetes [4]. Meanwhile, Clatworthy et al. 
[26] suggested that B cell-related cytokines caused by 
rituximab administration were associated with higher 

rates of acute cellular rejection in rituximab-treated pa-
tients. However, there have been no reports on the rela-
tionship between hyperglycemia, administration of ritux-
imab, and acute rejection. No antibody-mediated rejec-
tion occurred during our follow-up period, and the rate 
of acute cellular rejection was 14.3% (2/14) in this study. 
A previous large-sized, multicenter study revealed that 
the frequency of rejection treatment was 16.3% in ABO-
incompatible kidney transplantation [27], which was 
similar to our rate of acute cellular rejection.

Johal et al. [4] demonstrated an increased risk of de-
veloping cellular-, but not antibody-mediated, rejection 
among kidney transplant recipients with diabetes and re-
vealed that diabetes at the time of kidney transplantation 
was independently associated with the risk of cellular re-
jection in a Cox regression model, adjusted for baseline 
variables. On the other hand, Baek et al. [28] reported that 
there were no significant changes in the rates of rejection 
between diabetic and non-diabetic recipients. Some au-
thors suggested that patients with diabetes were rendered 
susceptible to cellular rejection because of their signifi-
cant risk of exacerbation of glycemic control after trans-
plantation and that strict glycemic control might be im-
portant [4, 28]. In this study, glycemic control was rela-
tively good because of the less than 7.0% HbA1c levels, 
which the Japan Diabetes Society recommends in order 
to avoid diabetic complications. Strict glycemic control 
may not have elicited acute cellular rejection in this study. 
Meanwhile, previous reports have shown that the admin-
istration of rituximab induces proinflammatory cyto-
kines releases associated with regulatory B cell depletion. 
However, in ABO-incompatible kidney transplantation, 
any cytokine release would have been resolved by plasma-
pheresis and administration of steroid before transplan-
tation [27]. Previously, we showed that acute cellular re-
jection in ABO-incompatible kidney transplant recipi-
ents receiving rituximab might be associated with 
late-onset neutropenia due to B cell-related cytokine re-
lease [16, 17]. In this study, rituximab might not have af-
fected acute cellular rejection due to the resolution of B 
cell-related cytokine storm by plasmapheresis and ste-
roid. Further and larger researches are necessary to evalu-
ate the frequency of rejection episodes in ABO-incompat-
ible kidney transplant recipients with diabetes. 

Although this is a pilot study, the main limitation of 
our study might be the small number of patients and its 
retrospective design. Moreover, the follow-up period was 
relatively short. However, to our knowledge, this is the 
first demonstration of clinical outcomes of ABO-incom-
patible kidney transplantation in diabetic recipients. 
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In conclusion, kidney transplantation is considered to 
be the most preferred renal replacement therapy for 
ESKD patients with diabetes, and living donor kidney 
transplantation is superior to deceased donor transplan-
tation. Therefore, ABO-incompatible kidney transplan-
tation might be an effective treatment for ESKD due to 
diabetes nephropathy, although a larger, long-term fol-
low-up study is needed to assess the safety and effective-
ness of this procedure. 
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