
Introduction

The incidence of kidney cancer increases in patients 
with end-stage renal disease (ESRD) on chronic dialysis 
[1,2], and renal cell carcinoma (RCC) is the predominant 
type [3]. The incidence of RCC has been reported to be 
higher in patients with ESRD than in the general popula-
tion [4]. Despite this higher incidence, in several studies, 
cancer-specific mortality has been reported to be lower 
in patients with ESRD than in the general population [5-
7]. Hashimoto et al. attributed better prognosis of RCC 
in patients with ESRD on hemodialysis to younger age, 
smaller tumor size, and early tumor stage [7]. RCC in 
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patients with ESRD is often incidentally found without 
specific symptoms, and these patients typically have a 
comparatively favorable outcome [8-10]. One previous 
study showed that RCC detected by screening had im-
proved patient survival compared to RCC presenting with 
symptoms in patients on dialysis [11].

As kidney transplant (KT) recipients typically receive 
immunosuppressive therapy, cancer recurrence after KT 
is a clinically important issue. Therefore, there are guide-
lines regarding waiting time for KT in patients with ESRD 
and RCC [12]. Previous studies have suggested a waiting 
period of 2 to 5 years before KT in patients with symp-
tomatic RCC and no delay in patients with incidental 
early-stage RCC [13-15], which is sometimes diagnosed 
during the pre-KT workup.

Recently, a multicenter study from France reported on 
RCC recurrence after KT [16], and other studies have sug-
gested racial differences in the histology and prognosis of 
RCC [17,18]. However, data on Asian KT recipients with 
RCC are insufficient. Accordingly, this study aimed to 
identify the clinical characteristics of KT recipients with 
RCC at our center and to analyze clinical outcomes to 
determine the appropriate waiting time for KT in this pa-
tient population.

Methods

Study design and patients

We conducted a single-center retrospective observa-
tional study at the Asan Medical Center (AMC), Seoul, 
Republic of Korea. Approval was obtained from the 
Institutional Review Board of AMC (approval number: 
2018-0826). Since this is a retrospective study, written 
informed consent was waived by the IRB. We reviewed 
the medical records of patients diagnosed with RCC and 
treated before KT among recipients who underwent KT 
between 1990 and 2017. Patients were classified into two 
groups: early KT (KT performed within 1 year after ne-
phrectomy for RCC, including KT with simultaneous ne-
phrectomy) and delayed KT (KT performed > 1 year after 
nephrectomy for RCC).

Data collection and definitions

We investigated demographic data, such as sex, age at 

time of KT, underlying diseases before transplantation, 
cause of ESRD, dialysis status, and follow-up duration 
after KT. RCC data included cancer staging, histopathol-
ogy, and time from nephrectomy to KT. KT data included 
donor type, donor age, human leukocyte antigen (HLA) 
mismatch, ABO incompatibility, and maintenance im-
munosuppressive therapy used, including mammalian 
target of rapamycin inhibitors. Clinical outcomes in-
cluded patient survival, graft survival, graft rejection rate, 
and RCC recurrence. Acute rejection was defined using 
the Banff classification and confirmed by allograft biopsy 
when clinically suspected because of increased serum 
creatinine levels. Graft failure was defined as the initia-
tion of dialysis therapy or second KT. RCC staging was 
based on the 7th edition of the American Joint Commit-
tee on Cancer TNM classification. RCC grading was based 
on the Fuhrman nuclear grading system before 2014 and 
the International Society of Urological Pathology nucleo-
lar grading system after 2014.

Immunosuppressant protocol

Patients initially received immunosuppressive therapy 
2 days prior to KT. In patients with ABO incompatibility, a 
single dose of rituximab 200 mg was infused 14 to 21 days 
before KT, plasmapheresis was performed 4 to 9 times 7 
to 14 days prior to KT until anti-A/B antibody titers de-
creased to below 1:8, and immunosuppressive drugs were 
initiated 7 to 10 days before KT. In HLA desensitization, 
the rituximab dose was 500 mg. The immunosuppressive 
drugs utilized were calcineurin inhibitors (tacrolimus or 
cyclosporine), corticosteroids (prednisolone or methyl-
prednisolone), and antimetabolites (mycophenolate or 
azathioprine). Patients received induction therapy with 
anti-CD 25 monoclonal antibody (basiliximab, 20 mg) on 
the day of KT and postoperative day 4. The target trough 
level of tacrolimus was 8 to 10 ng/mL during the first year 
after KT and 5 to 8 ng/mL thereafter. The target cyclospo-
rine trough level was 150 to 300 ng/mL during the first 3 
months after KT and 100 to 150 ng/mL thereafter.

Statistical analysis

Data are presented as numbers and percentages or 
means ± standard deviations. The chi-square and Fish-
er’s exact tests were performed for categorical variables 
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as appropriate, and the Mann-Whitney test was used for 
continuous variables. Patient survival and renal allograft 
survival were estimated by the Kaplan-Meier method 
with a log-rank test. All statistical tests were two-tailed, 
and a P value < 0.05 was considered statistically signifi-
cant. Statistical analysis was performed using IBM SPSS 
Statistics version 21.0 software (IBM Corp., Armonk, NY, 
USA).

Results

Study population

From 1990 to 2017, a total of 4,991 patients underwent 
KT at our center (Fig. 1). We identified 35 recipients aged 
18 to 80 years who were diagnosed with RCC either prior 
to KT or after concomitant nephrectomy and KT. A total 
of 19 of the 35 recipients underwent KT within 1 year af-
ter nephrectomy, including 13 patients diagnosed with 
RCC by postoperative histopathologic examination after 
simultaneous KT and bilateral nephrectomy for cystic 
kidney diseases (CKDs; early KT group). The remaining 
16 patients underwent KT > 1 year after nephrectomy 
(delayed KT group).

Baseline characteristics

A total of 29 (82.9%) patients were male, and the mean 
age at RCC diagnosis was 45.71 ± 12.03 years (range, 
18–68; median, 45 years; Table 1). A total of 28 patients 
(80.0%) had renal failure due to nephropathy from diabe-
tes (n = 5, 14.3%), hypertension (n = 6, 17.1%), glomeru-

lar diseases (n = 8, 22.9%), or polycystic kidney disease 
(PCKD, n = 9, 25.7%). Seven patients had bilateral RCC 
(20.0%) and were on chronic dialysis before the diagnosis 
of RCC and subsequent bilateral nephrectomy. There-
fore, nephrectomy was not the cause of ESRD among 
either patients with an unspecified cause of CKD or those 
with bilateral RCC. The mean duration of dialysis before 
RCC diagnosis was 6.94 ± 4.78 months (range, 0-15.70; 
median, 7.10 months). Baseline characteristics were not 
significantly different between the early and delayed KT 
groups.

A total of 22 (62.9%) patients underwent living-donor 
transplantation: 16 of 19 (84.2%) in the early KT group 
and 6 of 16 (37.5%) in the delayed KT group. The others 
underwent deceased donor transplantation. The differ-
ence in transplantation type between the early and de-
layed KT groups was statistically significant (P = 0.006). 
However, we did not find statistically significant differ-
ences in ABO incompatibility, HLA sensitization, HLA 
mismatch number, donor sex, or donor age.

A total of 24 patients (68.6%) used tacrolimus, and 11 
(31.4%) used cyclosporine. A total of 31 (88.6%) patients 
received mycophenolate, and 6 (17.1%) received sirolimus 
after KT. There were no significant differences in the immu-
nosuppressive drugs used between the early and delayed 
KT groups. The mean follow-up duration after KT was 
50.71 ± 43.92 months (range, 3-173; median, 38 months).

Histology and staging of RCC

A total of 34 (97.1%) patients were diagnosed with 
T1N0M0 RCC, and 1 was diagnosed with T2N0M0. No 
patient had regional lymph node metastasis or distant 
metastasis. Clear cell carcinoma was the most common 
type of RCC (18/35, 51.4%), followed by acquired cystic 
disease (ACD)-associated RCC (10/35, 28.6%) and papil-
lary cell RCC (6/35, 17.1%). Differences in tumor histolo-
gy were statistically significant between the early and de-
layed KT groups (P = 0.036). ACD-associated RCC was the 
most common type (9/19, 47.4%) in the early KT group, 
whereas clear cell RCC was the most common type (10/16, 
62.5%) in the delayed KT group (Table 2).

Bilateral RCCs were identified in 7 patients (20.0%), and 
6 underwent KT within 1 year after bilateral nephrec-
tomy; the remaining patient underwent KT 3 years after 
curative surgery. A total of 13 patients (37.1%) underwent 
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KT from 1990 to 2017
(n = 4,991)

Pre transplant RCC history
(n = 35)

Early KT group
KT within 1 year

after RCC nephrectomy
(n = 19)

Delayed KT group
KT more than 1 year

after RCC nephrectomy
(n = 16)

Figure 1. Study population.
KT, kidney transplantation; RCC, renal cell carcinoma.
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Table 1. Baseline patient characteristics (n = 35)
Characteristic Total Early KT Delayed KT P value

Patients 35 (100.0) 19 (54.3) 16 (45.7)
Male sex 29 (82.9) 15 (78.9) 14 (87.5) 0.666
Age at KT (yr) 47.89 ± 11.59 (18-68, 50.00) 45.68 ± 13.65 (18-68, 42.00) 50.5 ± 8.21 (38-62, 50.50) 0.257
Age at RCC Dx (yr) 45.71 ± 12.03 (18-68, 45.00) 45.47 ± 13.70 (18-68, 42.00) 46 ± 10.12 (24-61, 47.00) 0.857
ESRD causes 0.211
   Diabetes 5 (14.3) 2 (10.5) 3 (18.8)
   Hypertension 6 (17.1) 1 (5.3) 5 (31.3)
   Glomerular disease 8 (22.9) 5 (26.3) 3 (18.8)
   PCKD 9 (25.7) 7 (36.8) 2 (12.5)
   Unknown 7 (20.0) 4 (21.1) 3 (18.8)
Preemptive transplant 2 (5.7) 1 (5.3) 1 (6.3) 1.000
Dialysis modality 1.000
   HD 23 (69.7) 13 (68.4) 10 (62.5)
   PD 10 (28.6) 5 (26.3) 5 (31.3)
Dialysis duration before KT (mo) 95.12 ± 66.10 (6-224, 103.00) 79.61 ± 60.9 (7-188, 88.00) 113.73 ± 69.29 (6-224, 113.00) 0.126
Dialysis duration before RCC Dx (mo) 6.94 ± 4.78 (0-15.70, 7.10) 6.73 ± 5.23 (0-15.70, 7.10) 7.29 ± 4.16 (2.10-13.40, 6.90) 0.639
Comorbidity
   Diabetes 5 (14.3) 2 (10.5) 3 (18.8) 0.642
   Hypertension 20 (57.1) 9 (47.4) 11 (68.8) 0.203
   Cardiovascular disease 1 (2.9) 0 (0) 1 (6.3) 0.457
   Stroke 2 (5.7) 2 (10.5) 0 (0) 0.489
   Other malignancies 2 (5.7) 0 (0) 2 (12.5) 0.202
   Viral hepatitis 8 (22.9) 2 (10.5) 6 (37.5) 0.105
Donor type 0.004
   Living 22 (62.9) 16 (84.2) 6 (37.5)
   Deceased 13 (37.1) 3 (15.8) 10 (62.5)
ABO incompatible 6 (17.1) 3 (15.8) 3 (18.8) 1.000
HLA cross-matching positive 1 (2.9) 1 (5.3) 0 (0) 1.000
HLA mismatches 0.202
   0-3 15 (42.9) 10 (52.6) 5 (31.3)
   4-6 18 (51.4) 8 (42.1) 10 (62.5)
Male donor 20 (57.1) 12 (63.2) 8 (50.0) 0.563
Donor age (yr) 46.47 ± 9.63 (21-59, 49.00) 44.74 ± 8.00 (30-56, 47.00) 48.67 ± 11.28 (21-59, 54.00) 0.089
Immunosuppressants
   CNI 0.150
   Cyclosporine 11 (31.4) 4 (21.1) 7 (43.8)
   Tacrolimus 24 (68.6) 15 (78.9) 9 (56.3)
   Anti-metabolite 1.000
   Azathioprine 3 (8.6) 2 (10.5) 1 (6.3)
   Mycophenolate 31 (88.6) 17 (89.5) 14 (87.5)
   Sirolimus 6 (17.1) 2 (10.5) 4 (25.0) 0.379
Time from Nx to KT (mo) 30.74 ± 47.95 (0-210, 12.00) 2.89 ± 4.78 (0-12, 0) 63.81 ± 55.1 (20-210, 44.00)
Follow-up duration after KT (mo) 50.71 ± 43.92 (3-173, 38.00) 55.05 ± 43.5 (8-173, 46.00) 45.56 ± 45.26 (3-169, 27.50) 0.301
Data are presented as number (%) or mean ± standard deviation (range, median).
CNI, calcineurin inhibitor; Dx, diagnosis; ESRD, end-stage renal disease; HD, hemodialysis; HLA, human leukocyte antigen; KT, kidney transplantation; Nx, 
nephrectomy; PCKD, polycystic kidney disease; PD, peritoneal dialysis; RCC, renal cell carcinoma.
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simultaneous KT with bilateral or unilateral nephrectomy 
because of PCKD, ACD, or renal mass incidentally found 
at the time of transplant surgery; these RCCs were patho-
logically diagnosed postoperatively.

Clinical outcomes after KT

We did not find any confirmed RCC recurrence or de 
novo RCC in the remaining contralateral native kidney 
or transplant kidney during the postoperative follow-up. 
Patients in this study visited the urology department on 
a regular basis and underwent computed tomography 
(CT) or magnetic resonance imaging to monitor cancer 
recurrence for 5 years after nephrectomy for RCC. Even 
after 5 years of follow-up after nephrectomy, all patients, 
except one who was lost to follow-up, were monitored 
for RCC recurrence by CT or abdominal ultrasonography 
after KT. A total of 30 (85.7%) patients underwent follow-
up; 4 (11.4%) were lost to follow-up, and 1 patient who 
underwent both KT and bilateral nephrectomy was di-
agnosed with unidentified metastatic adenocarcinoma 
determined unlikely to be RCC on bone biopsy. He died 
of metastatic cancer 6 months after KT.

The overall 5- and 10-year patient survival rates were 
94.1% and 84.7%, respectively. Three (8.6%) patients died 
during follow-up: two of septic shock and the other of 
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Figure 2. Outcomes in kidney transplant recipients with pre-transplant renal cell carcinoma. (A) Patient survival, (B) Graft survival.
KT, kidney transplantation.

Table 2. Histology and staging of renal cell carcinoma
Variable Total Early KT Delayed KT P value

Patient 35 (100.0) 19 (54.3) 16 (45.7)
RCC stage 0.816
    T1aN0M0 28 (80.0) 16 (84.2) 12 (75.0)
    T1bN0M0 6 (17.1) 3 (15.8) 3 (18.8)
    T2aN0M0 1 (2.9) 0 (0) 1 (6.3)
    T2bN0M0 0 (0) 0 (0) 0 (0)
    T3aN0M0 0 (0) 0 (0) 0 (0)
Histology 0.036
    Clear cell 18 (51.4) 8 (42.1) 10 (62.5)
    Papillary 6 (17.1) 2 (10.5) 4 (25.0)
    ACD-associated 10 (28.6) 9 (47.4) 1 (6.3)
Tumor grade 0.678
    1 2 (5.7) 2 (10.5) 0 (0.0)
    2 15 (42.9) 8 (42.1) 7 (43.8)
    3 16 (45.7) 8 (42.1) 8 (50.0)
    4 1 (2.9) 1 (5.3) 0 (0)
Bilateral RCC 7 (20.0) 6 (31.6) 1 (6.3)
S imultaneous KT 

and nephrectomy
13 (37.1) 13 (68.4)

Data are presented as number (%).
ACD, acquired cystic disease; KT, kidney transplantation; RCC, renal cell carcinoma.

Table 3. Incidence of acute allograft rejection
Variable Total Early KT Delayed KT P value

n 35 19 16 0.207
No rejection 28 (80.0) 17 (89.5) 11 (68.8)
Rejection 7 (20.0) 2 (10.5) 5 (31.3)

Data are presented as number only or number (%).
KT, kidney transplantation.
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metastatic cancer as mentioned above. The 10-year sur-
vival rates after KT were 94.7% in the early KT group and 
70.3% in the delayed KT group. The difference in survival 
between the early and delayed KT groups was not sta-
tistically significant (P = 0.388) (Fig. 2A). Seven (20.0%) 
patients had biopsy-proven allograft rejection (Table 3). 
However, we identified only one graft failure (Fig. 2B).

Discussion

KT has shown survival benefit and improved quality of 
life compared to dialysis in patients with ESRD [19,20]. 
However, cancer recurrence is a major concern in pa-
tients with ESRD and pretransplant malignancy, consid-
ering that they will receive immunosuppressive therapy 
[21,22]. Therefore, KT candidates are screened for malig-
nant tumors, and RCC is detected occasionally. Previous 
studies have recommended a waiting time of 2 to 5 years 
for KT in patients with ESRD with RCC but suggested no 
delay in patients with asymptomatic and small RCC [12-
15]. However, this recommendation was based mainly on 
overseas studies. In Korea, there are insufficient data on 
transplant and cancer outcomes after KT in patients with 
RCC. Based on our clinical experience, we compared 
patient groups for 1 year to show that KT could be safely 
performed within 1 year after curative treatment for small 
and asymptomatic RCC without waiting for 2 to 5 years.

In this study, we evaluated patient survival, graft sur-
vival, rejection rate, and RCC recurrence in transplant 
recipients with RCC in a single center. Transplant and 
RCC outcomes were relatively positive. This is probably 
because of the fact that most patients had asymptomatic 
RCC diagnosed during the transplantation evaluation 
process or after a pathologic examination of specimens 
when nephrectomy was performed in conjunction with 
KT. Thirty-four patients had T1 RCC without lympho-
vascular invasion. Cognard et al [16] investigated RCC 
recurrence in 143 KT recipients with RCC; 9% had RCC 
recurrence and the 5- and 10-year incidence rates of re-
currence after KT were 7.7% and 14.9%, respectively [16]. 
However, we did not observe any RCC recurrence in our 
study. The small sample size is one possible explanation. 
Low-stage cancer (97.1% of RCCs in our study were T1) 
and the fact that the patients were asymptomatic, except 
for two patients who presented with gross hematuria, are 
other possibilities. In a study by Cognard et al [16], early-

stage RCCs showed better cancer outcome after trans-
plantation.

We compared patient survival, allograft survival, and 
cancer recurrence between early and delayed KT; there 
were no significant differences. In a previous study on 
KT recipients with RCC, the overall survival was better 
in those with a shorter time to KT, but cancer-specific 
mortality was not affected by longer time [23]. In our 
study, 13 patients underwent KT in conjunction with 
nephrectomy (living donor, 10 patients; cadaveric donor, 
3 patients); none were diagnosed with RCC before trans-
plantation. After bilateral or unilateral nephrectomy due 
to PCKD, ACD, or incidental renal mass found at the time 
of transplant surgery, a pathologic examination revealed 
unilateral or bilateral RCC. These 13 patients did not have 
cancer recurrence after KT, and there was no difference 
in patient survival, graft survival, or graft rejection rate 
compared with patients who underwent KT > 1 year after 
nephrectomy for RCC. Therefore, a mandatory follow-up 
period for early-stage RCCs prior to KT is not clinically 
necessary, as has been previously published.

In our study, ACD-associated RCC was the most com-
mon type in the early KT group, whereas clear cell was the 
most common type in the delayed KT group. The early KT 
group had more frequent living donor KT than deceased 
donor KT. As RCC found in patients preparing for living 
donor KT developed in ESRD kidneys, we assumed that 
ACD-associated RCC was relatively more common than 
other types of RCC. In the delayed KT group, there were 
patients whose RCC was detected in CKD stages other 
than ESRD. Regarding baseline characteristics, living do-
nor KT (84.2%) accounted for the majority of cases in the 
early KT group. This might be because most patients with 
asymptomatic and small RCC underwent nephrectomy at 
the time of transplant surgery in living donor KT.

The major limitation of this study is the relatively small 
sample size. However, to the best of our knowledge, this 
is the largest study in an Asian population to report the 
outcome of KT recipients with RCC. Our findings showed 
that KT can be safely performed with a short or no wait-
ing time in patients with ESRD and RCC, and favorable 
outcomes can be obtained, especially in patients with 
early-stage cancer. The aforementioned French cohort 
study showed RCC recurrence after KT was associated 
with RCC stage, tumor pathology, and tumor grade [16]. 
As a result, we were unable to elicit a difference in can-
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cer outcome and patient outcome according to the RCC 
stage and pathology. Clinicians may consider KT with 
nephrectomy in patients with ESRD and small asymp-
tomatic or incidentally detected RCC.
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