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Abstract 

Background  Kidney transplantation is considered the best long-term option for patients with end-stage renal dis-
ease; however, immunosuppression increases the risk of developing malignancies. Approximately 0.2–0.5% of kidney 
transplant recipients experience renal cell carcinoma (RCC) in their allografts. Recently, nephron-sparing surgery 
has become widely accepted because of its favorable survival outcomes and low risk of recurrence.

Methods  In this study, we retrospectively evaluated the peri- and postoperative outcomes of robot-assisted partial 
nephrectomy (RAPN) and open partial nephrectomy (OPN) for allograft RCC, analyzing five and six patients who 
underwent OPN and RAPN, respectively, from 1998 to 2023.

Results  The estimated blood loss was significantly lower in the RAPN group than in the OPN group (6.5 mL [inter-
quartile range (IQR): 1–15] vs. 350 mL [IQR: 139–560], P = 0.006), whereas the operative and renal arterial clamping 
times were similar. Additionally, the perioperative complication rate and severity were lower in the RAPN group, result-
ing in a significantly shorter postoperative hospital stay than the OPN group (3 days [IQR: 2–5] vs. 10 days [IQR: 8–12], 
P = 0.01). Postoperative renal function and oncological outcomes were similar between the two groups.

Conclusions  RAPN for allograft RCC demonstrated advantages in terms of estimated blood loss and postoperative 
hospital stay compared with OPN, even though the patients’ backgrounds were not adjusted. Therefore, RAPN may be 
a viable option for managing T1 allograft tumors.
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Background
Kidney transplantation is associated with improved 
survival and a better quality of life than dialysis [1]. 
Although kidney transplantation is the best long-term 
option for end-stage renal disease (ESRD), immuno-
suppression increases the risk of developing malig-
nancies, particularly virally driven cancers such as 
posttransplant lymphoproliferative disorders (Epstein-
Barr virus), Kaposi sarcoma (human herpesvirus 8), 
vulvar cancer (human papillomavirus), and skin cancer 
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associated with ultraviolet radiation [2–4]. Overall, 
kidney transplant recipients have at least a twofold 
increased risk of developing or dying from cancer com-
pared with the general population [5]. In the case of 
renal cell carcinoma (RCC), kidney transplant recipi-
ents have a five- to sevenfold increased risk of RCC 
compared with the general population, accounting for 
4.6% of malignancies after kidney transplantation [5, 
6]. Notably, 90% of RCCs develop in the native kid-
ney, with the remainder occurring in allografts [6–8]. 
Approximately 0.2% to 0.5% of kidney transplant recipi-
ents experience RCC in their allografts [9, 10].

For several years, graft nephrectomy has been consid-
ered an acceptable treatment option for RCC in trans-
planted kidneys. However, it is a high-risk procedure, 
particularly in terms of bleeding and vascular compli-
cations, with morbidity rates ranging from 20 to 61% 
and mortality rates from 3 to 11% [11–14]. Nephron-
sparing interventions such as partial nephrectomy and 
ablation therapy, especially in patients with T1aN0M0 
RCC in transplanted kidneys, have demonstrated 
favorable oncological outcomes with fewer complica-
tions [15, 16]. Therefore, graft nephrectomy should be 
limited to patients with irreversible allograft dysfunc-
tion, sarcomatoid-type RCC, multifocal papillary-type 
RCC, RCC larger than 7 cm in diameter, locally invasive 
or metastatic RCC, or those with tumors infiltrating 
critical structures [17].

 Nephron-sparing surgery (NSS) is the preferred 
treatment for patients with localized T1 RCC in native 
kidneys [18, 19]. However, experience with allograft 
RCC remains limited, with most cases performed using 
an open technique [10, 20–24]. As robot-assisted sur-
gery has become more widespread, robot-assisted lap-
aroscopic partial nephrectomy (RAPN) is now being 
used for allograft RCC [25, 26]. Although RAPN for 
native kidneys has demonstrated significant reductions 
in estimated blood loss, postoperative complications, 
and length of hospital stay compared with open partial 
nephrectomy (OPN) [27], its effectiveness in manag-
ing allograft RCC after kidney transplantation remains 
unclear. Thus, in this study, we aimed to evaluate the 
short-term functional and surgical outcomes of RAPN 
and OPN in managing allograft RCC to assess their effi-
cacy and safety.

Methods
Study design and participants
We retrospectively enrolled 11 patients who underwent 
partial nephrectomy for allograft RCC (OPN: n = 5; 
RAPN: n = 6) at Tokyo Women’s Medical University Hos-
pital between February 1998 and August 2023.

Ethics statements
This study was approved by the Health Sciences Institu-
tional Review Board (IRB) of Tokyo Women’s Medical 
Hospital (approval number: 4460-R) and was conducted 
in accordance with the ethical standards of the local IRB 
and the Helsinki Declaration of 1975, as revised in 2013. 
The requirement for informed consent was waived due to 
patient data anonymization.

Surgical procedure
OPN for allograft RCC was performed through the same 
incision used for kidney transplantation in the right iliac 
fossa (Gibson incision) with the patient in the supine 
position. The anterior rectus sheath and the external 
oblique muscles were incised. If the retroperitoneal 
approach was chosen, the peritoneum was swept medi-
ally to expose the transplanted kidney and iliac vessels. 
Furthermore, the peritoneum underlying the iliac ves-
sels and the transplanted kidney was incised, thereby 
exposing the transplanted kidney and renal hilum. The 
tumor in the transplanted kidney was identified using 
ultrasonography; a resection line was then marked. The 
tumor was excised after clamping either the internal or 
external iliac artery, which was anastomosed with the 
transplanted kidney artery using a bulldog clamp. An 
inner running suture, including the repair of the collect-
ing system, was placed using a braided absorbable suture. 
Renorrhaphy was completed using a braided absorbable 
suture after declamping the artery.

RAPN for allograft RCC was performed in the Tren-
delenburg position with the da Vinci Xi (Intuitive Surgi-
cal, Sunnyvale, CA, USA) using four da Vinci ports and 
one 12-mm assistant port (Fig. 1). All RAPN procedures 
for allograft RCC were performed via the peritoneal 
approach. The peritoneum underlying the iliac vessels 
was incised; the internal or external iliac artery anasto-
mosed with the transplanted kidney artery was identified. 
The tissue around the tumor was dissected and identi-
fied using ultrasound; subsequently, a resection line was 
marked. Similar to OPN, the tumor was excised after 
clamping the internal or external iliac artery using a bull-
dog clamp. An inner running suture was placed using 
a barbed suture; renorrhaphy was completed using a 
barbed suture after declamping the artery.

Data collection
All clinical and laboratory data, including pre-, peri-, 
and postoperative variables, were extracted from the 
electronic database and patient medical records of the 
institution. Estimated glomerular filtration rate (eGFR) 
was calculated using revised equations for eGFR from 
serum creatinine in Japan as follows: eGFR mL/min/1.73 
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m2  = 194 × serum creatinine (− 1.094) × age (− 0.287) 
[× 0.739 (if female)] [28]. Acute kidney injury (AKI) and 
its stages were according to the Kidney Disease Improv-
ing Global Outcomes guidelines. AKI was defined based 
on one of the following criteria: an increase in serum cre-
atinine by ≥ 0.3 mg/dL within 48 h; an increase in serum 
creatinine to ≥ 1.5 times baseline within the previous 
7  days; urine volume < 0.5  mL/kg/h for 6  h). AKI stages 
were defined as follows: Stage 1: 1.5–1.9 times baseline 
or ≥ 0.3 mg/dL increase in serum creatinine; Stage 2: 2.0–
2.9 times baseline serum creatinine; Stage 3: 3 times base-
line or > 4.0  mg/dL increase in serum creatinine) [29]. 
Histological findings were evaluated by one or two expert 
pathologists. Tumor types were classified according to 
the World Health Organization classification [30–33]. 
Additionally, tumor grade was assessed using the Fuhr-
man grading system [34]. Surgical complications were 
evaluated using the Clavien-Dindo classification [35].

Statistical analysis
All patient data were recorded, and continuous variables 
were expressed as medians with interquartile ranges 
(IQRs). Independent continuous variables were ana-
lyzed using the Wilcoxon rank-sum (Mann–Whitney) 
test; categorical variables were analyzed using the Pear-
son χ2 test. Statistical significance was set at P < 0.05. All 

analyses were performed using Stata, version 15.1 (Stata 
Corp. LP, College Station, TX, USA).

Results
Table 1 presents the background characteristics of the five 
and six patients in the OPN and RAPN groups, respec-
tively. The median age of patients in the RAPN group was 
56 years (IQR: 53–69), which was significantly older than 
that in the OPN group (42 years [IQR: 38–53], P = 0.03), 
while BMI and sex were similar between the two groups. 
The donors were all living in the RAPN group; however, 
in the OPN group, 60% of the donors were deceased, 
whereas 40% were living. Patients received a triple immu-
nosuppressive regimen, including a calcineurin inhibitor, 
an antiproliferative agent, and a steroid (methylpredniso-
lone at a dose of 2–4 mg). Calcineurin inhibitors (CNIs) 
included cyclosporine and tacrolimus, while antiprolif-
erative agents included azathioprine, mizoribine, and 
mycophenolic acid (MPA). The median intervals between 
transplantation and diagnosis were 10.1 years (IQR: 9.4–
11.6) in the OPN group and 17.4 years (IQR: 16.0–22.5) 
in the RAPN group, respectively. The mean preopera-
tive eGFR was similar between the two groups, measur-
ing 38.5 mL/min/1.73 m2  (IQR: 36.8–64.9) in the OPN 
group and 38.4 (mL/min/1.73 m2) (IQR: 27.4–42.6) in the 
RAPN group. The median preoperative tumor diameter 
on imaging was 24 mm (IQR: 24–29) in the OPN group 
(four cases with clinical T1a and one with clinical T1b). 
In the RAPN group, the median preoperative tumor 
diameter was 22 mm (IQR: 10–24) (all clinical T1a). The 
median total nephrometry score was not significantly dif-
ferent between the two groups (9 [5–9] in the OPN group 
and 5 [5–6]  in the RAPN group). However, three of five 
patients in the OPN group had tumors in the middle 
portion of their transplanted kidneys, which could have 
made the procedure more difficult.

Table  2 shows perioperative and postoperative out-
comes. The median operative time and renal arterial 
clamping duration were comparable between the two 
groups, with 170 min (IQR: 157–186) and 18.0 min (IQR: 
13.3–28.0) in the OPN group, and 148  min (IQR: 109–
177) and 14.4  min (IQR: 9.0–18.7) in the RAPN group, 
respectively. However, the median estimated blood 
loss was significantly lower in the RAPN group than in 
the OPN group (6.5  mL [IQR: 1–15] vs. 350  mL [IQR: 
139–560], P = 0.006). Surgical complications occurred in 
three out of five patients in the OPN group and in one 
patient in the RAPN group. In the OPN group, patients 
experienced ileus and urinary tract infection (grade 2 
in the Clavien-Dindo classification), as well as trans-
plant ureteral injury (grade 3). In the RAPN group, one 
patient experienced subcutaneous emphysema caused 
by pneumoperitoneum (grade 1 in the Clavien-Dindo 

Fig. 1  Location of robotic and assistant ports. ●: 8 mm robotic 
camera port, ▲: 8 mm robotic trocar, ■: 12 mm assistant port



Page 4 of 9Banno et al. BMC Surgery          (2025) 25:103 

Ta
bl

e 
1 

Pr
eo

pe
ra

tiv
e 

pa
tie

nt
s 

ch
ar

ac
te

ris
tic

s

O
PN

1  O
pe

n 
pa

rt
ia

l n
ep

hr
ec

to
m

y,
 R

A
PN

2  R
ob

ot
-a

ss
is

te
d 

la
pa

ro
sc

op
ic

 p
ar

tia
l n

ep
hr

ec
to

m
y,

 IQ
R3  In

te
rq

ua
rt

ile
 ra

ng
e,

 B
M

I4  B
od

y 
m

as
s 

in
de

x,
 E

SR
D

5  E
nd

-s
ta

ge
 re

na
l d

is
ea

se
, C

G
N

6  C
hr

on
ic

 g
lo

m
er

ul
on

ep
hr

iti
s, 

Ig
AN

7  
Ig

A
 n

ep
hr

op
at

hy
, A

D
PK

D
8  A

ut
os

om
al

 d
om

in
an

t p
ol

yc
ys

tic
 k

id
ne

y 
di

se
as

e,
 R

PG
N

9  R
ap

id
 p

ro
gr

es
si

ve
 g

lo
m

er
ul

on
ep

hr
iti

s, 
D

M
N

10
 D

ia
be

tic
 n

ep
hr

op
at

hy
, C

sA
11

 C
yc

lo
sp

or
in

e,
 T

ac
12

 T
ac

ro
lim

us
, A

ZT
13

 A
za

th
io

pr
in

e,
 M

PA
14

 
M

yc
op

he
no

lic
 a

ci
d,

 M
ZR

15
 M

iz
or

ib
in

e,
 e

G
FR

16
 e

st
im

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te

O
PN

1
RA

PN
2

Ca
se

 1
Ca

se
 2

Ca
se

 3
Ca

se
 4

Ca
se

 5
M

ed
ia

n 
(IQ

R3 )
Ca

se
 1

Ca
se

 2
Ca

se
 3

Ca
se

 4
Ca

se
 5

Ca
se

 6
M

ed
ia

n 
(IQ

R)

A
ge

 (y
ea

rs
)

33
53

42
53

38
42

 (3
8–

53
)

69
55

76
49

57
53

56
 (5

3–
69

)

Se
x

Fe
m

al
e

M
al

e
M

al
e

M
al

e
M

al
e

M
al

e
M

al
e

M
al

e
Fe

m
al

e
Fe

m
al

e
M

al
e

BM
I4  (k

g/
m

2 )
18

.7
26

.7
23

.8
22

.3
19

.8
22

.3
(1

9.
8–

23
.8

)
23

.3
22

.1
24

.0
18

.6
23

.2
22

.4
22

.8
 

(2
2.

1–
23

.3
)

Re
na

l e
tio

lo
gy

 
fo

r E
SR

D
5

CG
N

6
CG

N
Ig

A
N

7
CG

N
A

lp
or

t 
sy

nd
ro

m
e

A
D

PK
D

8
RP

G
N

9
CG

N
Ig

A
N

D
M

N
10

CG
N

Ty
pe

 
of

 th
e 

do
no

r
Li

vi
ng

-
do

no
r

D
ec

ea
se

d-
do

no
r

D
ec

ea
se

d-
do

no
r

D
ec

ea
se

d-
do

no
r

Li
vi

ng
-

do
no

r
Li

vi
ng

-
do

no
r

Li
vi

ng
-

do
no

r
Li

vi
ng

-
do

no
r

Li
vi

ng
-

do
no

r
Li

vi
ng

-
do

no
r

Li
vi

ng
-

do
no

r

Ca
lc

in
eu

rin
 

in
hi

bi
to

r
C

sA
11

Ta
c12

C
sA

Ta
c

Ta
c

Ta
c

Ta
c

C
sA

Ta
c

Ta
c

Ta
c

A
nt

i-p
ro

lif
er

a-
tiv

e 
ag

en
t

A
ZT

13
A

ZT
M

PA
14

M
PA

M
PA

M
ZR

15
M

PA
A

ZT
M

PA
M

PA
M

PA

In
te

rv
al

 
be

tw
ee

n 
tr

an
s-

pl
an

ta
tio

n 
an

d 
di

ag
no

si
s 

(y
ea

rs
)

4.
8

10
.1

9.
4

11
.6

19
.3

10
.1

(9
.4

–1
1.

6)
16

.0
29

.7
22

.5
16

.5
4.

8
18

.4
17

.4
(1

6.
0–

22
.5

)

Pr
eo

pe
ra

tiv
e 

eG
FR

16
 (m

L/
m

in
/1

.7
3m

2 )

38
.5

79
.2

64
.9

32
.0

36
.8

38
.5

 
(3

6.
8–

64
.9

)
51

.9
34

.6
19

.8
42

.3
42

.6
27

.4
38

.4
 

(2
7.

4–
42

.6
)

D
ia

m
et

er
 

of
 th

e 
tu

m
or

 
on

 im
ag

in
g 

(m
m

)

23
29

24
24

57
24

 (2
4–

29
)

32
24

24
8

10
20

22
 (1

0–
24

)

To
ta

l 
of

 n
ep

hr
om

et
ry

 
sc

or
e

9
4

5
9

11
9 

(5
–9

)
5

6
8

5
5

5
5 

(5
–6

)

Tu
m

or
 lo

ca
liz

a-
tio

n
M

id
dl

e 
po

r-
tio

n
Po

st
er

io
r/

su
pe

rio
r 

po
le

Po
st

er
io

r/
su

pe
rio

r 
po

le

M
id

dl
e 

po
rt

io
n

M
id

dl
e 

po
rt

io
n

A
nt

er
io

r/
su

pe
rio

r 
po

le

Po
st

er
io

r/
in

fe
rio

r 
po

le

A
nt

er
io

r/
in

fe
rio

r 
po

le

Po
st

er
io

r/
su

pe
rio

r 
po

le

Po
st

er
io

r/
su

pe
rio

r 
po

le

A
nt

er
io

r/
su

pe
rio

r 
po

le

A
na

st
om

os
is

 
of

 tr
an

sp
la

nt
ed

 
re

na
l a

rt
er

y

In
te

rn
al

 il
ia

c 
ar

te
ry

In
te

rn
al

 il
ia

c 
ar

te
ry

In
te

rn
al

 il
ia

c 
ar

te
ry

Ex
te

rn
al

 
ili

ac
 a

rt
er

y
In

te
rn

al
 il

ia
c 

ar
te

ry
Ex

te
rn

al
 

ili
ac

 a
rt

er
y

In
te

rn
al

 il
ia

c 
ar

te
ry

In
te

rn
al

 il
ia

c 
ar

te
ry

In
te

rn
al

 il
ia

c 
ar

te
ry

Ex
te

rn
al

 
ili

ac
 a

rt
er

y
Ex

te
rn

al
 

ili
ac

 a
rt

er
y



Page 5 of 9Banno et al. BMC Surgery          (2025) 25:103 	

classification). The median postoperative length of stay 
was significantly shorter in the RAPN group than in the 
OPN group (3 days [IQR: 2–5] vs. 10 days [IQR: 8–12], 
P = 0.01). Postoperative AKI was observed in three 
patients (60.0%) in the OPN group and in four patients 
(66.7%) in the RAPN group. One case in the OPN group 
was classified as stage 3, while all others were stage 1.

Figure  2 shows the postoperative eGFR decline from 
baseline in both groups. The median declines in eGFR on 

postoperative day 1, postoperative day 2, and at 1 month 
were similar in the OPN and RAPN groups (postop-
erative day 1: 29.3% [IQR: 19.9–33.8] vs. 23.6% [IQR: 
12.4–29.8], postoperative day 2: 28.3% [IQR: 5.7–38.1] 
vs. 15.5% [IQR: 5.6–28.1], postoperative month 1: 11.9% 
[IQR: 6.8–12.1] vs. 6.9% [IQR: 5.5–13.1], respectively). 
There were no significant differences in eGFR decline at 
any time point between the two groups. While postop-
erative renal function recovered one month after surgery, 

Table 2  Perioperative and postoperative outcomes

OPN1 Open partial nephrectomy, RAPN2 Robot-assisted laparoscopic partial nephrectomy, IQR3 Interquartile range, AKI4 Acute kidney injury

Total OPN1 RAPN2 P value
N 11 5 6

Operative time (minutes), mean (IQR3) 157 (138–186) 170 (157–186) 148 (109–177) 0.31

Time of arterial clamping (minutes), mean (IQR) 16.7 (9.0–25.2) 18.0 (13.3–28.0) 14.4 (9.0–18.7) 0.47

Estimated blood loss (mL), median (IQR) 26 (3–350) 350 (139–560) 6.5 (1–15) 0.006

Complications, n (%) 4 (36.4) 3 (60.0) 1 (16.7) 0.14

Grade 1 1 of 4 (25.0) 0 of 3 (0) 1 of 1 (100)

Grade 2 2of 4 (50.0) 2 of 3 (66.7) 0 of 1 (0)

Grade 3 1 of 4 (25.0) 1 of 3 (33.3) 0 of 1 (0)

Length of postoperative stay (days), median (IQR) 5 (3–10) 10 (8–12) 3 (3–5) 0.01

AKI4 occurred, (%)

  None 4 (36.4) 2 (40.0) 2 (33.3) 0.45

  Stage 1 6 (54.5) 2 (40.0) 4 (66.7)

  Stage 2 0 (0) 0 (0) 0 (0)

  Stage 3 1 (9.1) 1 (20.0) 0 (0)

Return to dialysis, n (%) 2 (18.2) 1 (20.0) 1 (16.7) 0.89

Fig. 2  Time course of postoperative decline rate of eGFR. A Postoperative decline rate of eGFR of each patient in the OPN group at first 
postoperative day, second postoperative day, and first postoperative month; the median decline rate of eGFR were 29.3% (IQR: 19.9–33.8), 28.3% 
(IQR: 5.7–38.1), and 11.9% (IQR: 6.8–12.1), respectively. B Postoperative decline rate of eGFR of each patient in the RAPN group at first postoperative 
day, second postoperative day, and first postoperative month; the median decline rate of eGFR were 23.6% (IQR: 12.4–29.8), 15.5% (IQR: 5.6–28.1), 
and 6.9% (IQR: 5.5–13.1), respectively. There were no significant differences in the decline rate at each point between the two groups. eGFR, 
estimated glomerular filtration rate; POD, postoperative day; POM, postoperative month; OPN, open partial nephrectomy; RAPN, robot-assisted 
laparoscopic partial nephrectomy; IQR, interquartile range
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one patient in the OPN group resumed hemodialysis at 
148.8 months postoperatively, whereas another patient in 
the RAPN group resumed at 4.8 months.

Histological findings are shown in Table  3. There was 
no significant difference in the mean tumor diameter 
between the two groups; there were no positive surgical 
margins in either group. One of the five patients in the 
OPN group had a pathological T3a tumor with renal 
sinus invasion. All tumors in the RAPN group were clas-
sified as pathological stage T1a. The most common his-
tology was clear cell RCC in nine cases (72.7%), followed 
by papillary RCC (18.2%) and clear cell papillary RCC 
(9.1%). Fuhrman nuclear grading was 1 in three cases 
(27.3%), 2 in six (54.5%), and 3 in three (18.2%). The 
mean follow-up periods after surgery were 124.2 months 
(IQR: 27.2–151.7) in the OPN group and 18.8  months 
(IQR: 7.2–22.3) in the RAPN group. During this period, 
one patient (Case 2 in the RAPN group) experienced 
local recurrence 35.3 months after surgery. None of the 
patients died during the study period.

Discussion
RAPN for allograft RCC demonstrated lower estimated 
blood loss and a shorter postoperative hospital stay com-
pared to OPN. Additionally, perioperative complications 
were less frequent and less severe. There were no posi-
tive surgical margins, suggesting the efficacy and safety of 
RAPN for allograft RCC.

In OPN for allograft RCC, approaching the renal hilum 
to clamp the artery is challenging due to postoperative 
adhesions, the deep location of the kidney, and abnor-
mal anatomy. Adequate exposure around the allograft 
through sharp dissection is necessary to identify the renal 
artery and tumor, which results in a large incision and 
significant intraoperative blood loss. Moreover, identify-
ing the transplant ureter is difficult due to the postop-
erative adhesions and variations in its length and course 
among cases. One patient (Case 5 in the OPN group) 
experienced transplant ureteral injury and underwent 
ureteroureterostomy. To prevent ureteral injury, preoper-
ative transplant ureteral stenting is recommended. These 
challenges contribute to greater intraoperative blood loss 
and more severe perioperative complications in the OPN 
group.

The use of RAPN for highly complex cases, including 
larger tumors (cT2–T3), RCC in solitary kidneys, com-
pletely endophytic masses, and renal hilar tumors, has 
demonstrated favorable surgical outcomes with good 
preservation of renal function [36, 37]. Additionally, 
robot-assisted correction procedures following urologi-
cal surgery have also shown good perioperative outcomes 
[38]. Therefore, given the complexity of allograft RCC 
following kidney transplantation, RAPN is considered 
a feasible approach. Consistent with a previous report 
demonstrating the superiority of RAPN over OPN for 
native kidney tumors in terms of perioperative outcomes 
[27], our data also indicate that RAPN for allograft RCC 

Table 3  Histological findings and oncological outcomes

OPN1 Open partial nephrectomy, RAPN2 Robot-assisted laparoscopic partial nephrectomy, IQR3 Interquartile range, RCC​4 Renal cell carcinoma

Total OPN1 RAPN2 P value
N 11 5 6

Diameter of the tumor (mm), median (IQR3) 22 (15–30) 25 (20–30) 15 (12–26) 0.31

Positive surgical margin, n (%) 0 (0) 0 (0) 0 (0)

Pahological T stage, n (%)

  pT1a 9 (81.8) 3 (60.0) 6 (100) 0.23

  pT1b 1 (9.1) 1 (20.0) 0 (0)

  pT3a 1 (9.1) 1 (20.0) 0 (0)

Pathological type, n (%)

  Clear cell RCC​4 8 (72.7) 4 (80.0) 4 (66.6) 0.63

  Papillary RCC​ 2 (18.2) 1 (20.0) 1 (16.7)

  Clear cell papillary RCC​ 1 (9.1) 0 (0) 1 (16.7)

Fuhrman grade, n (%)

  grade 1 3 (18.2) 1 (20.0) 1 (16.7) 0.89

  grade 2 6 (54.5) 3 (60.0) 3 (50.0)

  grade 3 3 (27.3) 1 (20.0) 2 (33.3)

Reccurence, n (%) 1 (9.1) 0 (0) 1 (16.7) 0.34

Follow-up period (months), median (IQR) 22.3
(7.2–124.2)

124.2
(27.2–151.7)

18.8
(7.2–22.3)

0.14
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results in significantly lower intraoperative blood loss, 
promoting faster postoperative recovery and a shorter 
hospital stay compared to OPN. Although data on RAPN 
for allograft RCC remain limited, it appears to be a fea-
sible and effective treatment option due to its greater 
precision, three-dimensional visualization, and superior 
instrument control, which help reduce the risk of vascu-
lar and ureteral injuries [25, 26].

Although we presumed that intraoperative blood loss 
would negatively impact postoperative renal function 
by prolonging AKI in the early postoperative period, we 
found no significant differences in eGFR decline between 
OPN and RAPN at postoperative day 1, postoperative 
day 2, or 1  month after surgery. Since patients in the 
OPN group were younger (42 years [33–53]) than those 
in the RAPN group (56  years [49–76]), this factor may 
have contributed to the similar renal function outcomes 
observed between the two groups. In the long term, one 
patient (Case 3 in the OPN group) experienced graft 
loss approximately 12 years after surgery due to chronic 
active antibody-mediated rejection. Another patient 
(Case 3 in the RAPN group), who was 76 years old with 
preoperative eGFR of 19.8 (mL/min/1.73 m2) (indicat-
ing stage 4 chronic kidney disease), experienced progres-
sive renal function decline and eventually lost the graft 
4.8  months after surgery. A previous study showed that 
preoperative eGFR < 25 mL/min/1.73 m2 was significantly 
associated with an increased risk of progression to ESRD 
after partial nephrectomy for native kidney tumors [39]. 
Additionally, the on-clamp approach itself contributes 
to chronic kidney disease (CKD) progression following 
RAPN, particularly in elderly patients [40]. To preserve 
as much renal parenchyma as possible and minimize the 
risk of CKD progression after RAPN for allograft RCC, 
advanced surgical navigation technologies, such as three-
dimensional virtual models and artificial intelligence, 
may improve surgical planning by increasing the likeli-
hood of selective arterial clamping and tumor enuclea-
tion [41, 42].

A previous study reported that the mean interval 
between renal transplantation and the development of 
allograft RCC was 12.1 ± 8.6 years, which aligns with our 
data (mean interval: 14.8 ± 7.6 years) [7]. Interestingly, the 
mean interval for RCC development in the native kid-
ney was 5.8 years, relatively earlier than that for allograft 
RCC [7]. The higher incidence and earlier onset of RCC 
in native kidneys may be associated with ESRD-related 
abnormalities, such as acquired cystic kidney disease, 
which can lead to RCC development [43, 44].

Previous reviews have reported that local recurrence 
rates following partial nephrectomy in transplant kidneys 
range from 3.6% to 6%, which is comparable to the recur-
rence rate of partial nephrectomy in native kidneys (3%) 

[21, 45]. However, the risk factors for recurrence after 
NSS remain unclear. Although no positive surgical mar-
gins were found in either group, one case of local recur-
rence occurred approximately three years after surgery 
in the RAPN group, with clear cell pT1a RCC (Fuhrman 
grade 3) confirmed by histological examination. In trans-
planted allografts, the incidence of papillary RCC (42.1%) 
is significantly higher than in the general population 
(10–15%), while the incidence of clear cell RCC (45.7%) 
is significantly lower than in non-transplant populations 
(75–80%) [21]. In our series, the most common histologi-
cal type was clear cell RCC (72.7%), followed by papillary 
(18.2%) and clear cell papillary RCC (9.1%). The reason 
papillary RCC is more prevalent in allograft kidneys than 
in the general population remains unclear.

Currently, there are no formal guidelines on manag-
ing immunosuppression in transplant recipients who 
develop malignancies; however, the general approach is 
to reduce CNIs and switch from MPA to mammalian tar-
get of rapamycin (mTOR) inhibitors when feasible [46]. 
CNIs exert their effects by indirectly inhibiting T-cell 
activation and proliferation through  interleukin-2 (IL-2) 
suppression while also upregulating vascular endothelial 
growth factor and transforming growth factor-β1 expres-
sion, which may contribute to malignancy development 
[47]. Meanwhile, mTOR signaling plays a key role in can-
cer growth, angiogenesis, and metastasis formation [48]. 
mTOR inhibitors not only suppress these oncogenic pro-
cesses but also inhibit T-cell activation and proliferation 
by downregulating IL-2 production, making them effec-
tive as both immunosuppressive and anti-cancer agents. 
However, detailed data on postoperative immunosup-
pressive regimens in kidney transplant recipients with 
cancer remain limited.

We acknowledge that this study was conducted retro-
spectively at a single institution with a small sample size. 
However, given the rarity of allograft RCC, this report 
provides valuable insights. Since this was a single-institu-
tion study with a limited number of cases, a multi-center 
analysis is required to establish stronger evidence. Addi-
tionally, since the postoperative follow-up period was 
shorter in the RAPN group, a longer follow-up duration 
is necessary to definitively evaluate oncological safety. To 
our knowledge, this is the first study to compare periop-
erative outcomes between RAPN and OPN for allograft 
RCC management.

Conclusions
In conclusion, the perioperative outcomes of RAPN for 
allograft RCC were superior to those of OPN in terms 
of estimated blood loss, length of postoperative stay, 
and complication rates. Postoperative functional and 
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oncological outcomes were comparable between the two 
groups. Given ongoing advancements in robotic surgery, 
RAPN appears to be a feasible and safe treatment option 
for allograft RCC.
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