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SUMMARY
In patients with kidney graft neoplasms, the treatment of choice is still represented by surgical approach, 
mainly based on partial nephrectomy/nephron sparing surgery (NSS). In this oncologic setting, focal 
treatments (FT) are becoming more and more useful to avoid the risk of dialysis, considering graft vi-
ability of utmost importance. There is still little evidence on which is the best FT option in kidney graft 
neoplasms and on its therapeutic indications. We performed a systematic review to assess the role of 
FT such as thermal ablation, interventional radiotherapy, electrochemotherapy, and stereotactic body 
radiotherapy, as alternative to NSS in the treatment of Stage I kidney cancer. We searched PubMed, 
Scopus, and Web of Science for articles published between 2010 and 2020 focusing on kidney transplant 
recipients with kidney graft neoplasm who had undergone FT. The review is framed by the population, 
intervention, control, and outcomes criteria. The studies underlined safety and efficacy of FT, with low 
morbidity and good graft survival, but none of them provided a direct comparison with graft nephrec-
tomy or NSS. There is still no clear evidence that FTs, and percutaneous ones in particular, are indicated 
as a standard treatment in kidney graft neoplasms as opposed to total or partial graft nephrectomy.
Keywords: Focal treatment; graft rejection; nephron sparing surgery; renal transplant patients.
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Introduction

The incidence of renal cell carcinoma (RCC) ranges 
from 0.5% to 1.5% among renal transplant patients[1,2] 
occurring in the native kidneys or in the allograft. It 
represents 4.8% of all malignancies in this setting of pa-
tients[3] compared to 3% of the general population. Al-
lograft malignancies occur in 0.2-0.34% of renal trans-
plant patients.[2,4,5]

When managing RCC in allograft kidneys, the 
physician must balance the need for renal preserva-
tion with the need of achieving oncologic control. 
The treatment of choice for RCC in the allograft kid-
ney is surgery, mainly consisting of partial nephrec-
tomy (PN)/nephron sparing surgery (NSS) wherever 
possible based on tumor and patient characteristics.
[1] PN in renal allografts has the advantage of graft 
preservation with consequential avoidance of hemo-
dialysis.

The increase in the diagnosis of small renal masses 
discovered incidentally on follow-up imaging led to 
considering focal and non-surgical treatments such 
as radiofrequency ablation, cryoablation, microwave 
ablation, and focal radiotherapy. Ablative therapies, 
which have been shown to be a safe and effective 
treatment for small renal masses,[6] are minimally 
invasive, associated with a low morbidity, and can be 
performed percutaneously making them well suited 
for the treatment of RCC in renal allografts. However, 
little data exist on outcomes after tumor ablation in 
transplanted kidneys. 

The purpose of this systematic review was to define 
the role of focal approaches such as thermal ablation 
(TA) (radiofrequency and microwave, cryoablation), 
interventional radiotherapy (called also brachythera-
py), electrochemotherapy, and stereotactic body ra-
diotherapy (ablative radiotherapy), as alternative to 
nephron-sparing surgery in the treatment of Stage I 
kidney cancer.

Materials and Methods

A systematic review was carried out and reported ac-
cording to the Preferred Reporting Items for System-
atic Review and Meta-analysis (PRISMA) statement 
guidelines.[7] We defined a Population, Intervention, 
Comparator, and Outcome (PICO) model to elaborate 
the specific elements of the question. Table 1 reports 
PICO model. The primary outcome was graft rejection 
survival during follow-up.

Search Strategy
The literature search was performed by querying elec-
tronic databases (PubMed, Scopus, and Web of Sci-
ence) using selected keywords linked through Bool-
ean operator “AND” and “OR” to build specific search 
strings for each electronic engineer (Table 2). The ar-
ticle search was completed manually by screening ref-
erences from relevant papers and using the snowball 
search technique.

Selection Process
After duplicates removal, single citations retrieved 
were screened, reading title and abstract. We extract-
ed potentially relevant abstracts, full-text articles, and 
those who met the inclusion criteria and considered 
them for final analysis. Two researchers performed 
citation screening independently and disagreement 
will be resolved by discussion or by querying a third 
researcher. An internal multidisciplinary expert team 
decided about their inclusion in the review. Finally, an 
external committee performed an independent check 
and the final approval of the review.
The eligibility criteria were:

Inclusion criteria
The following criteria were included in the study:
• Kidney transplant recipients with kidney graft neo-

plasm

Table 1 PICO model

PICO Description 

Patients Kidney transplant recipient with kidney graft neoplasm
Intervention Focal treatment (thermal ablation, radiofrequency, brachytherapy, electrochemotherapy, stereotactic body 
 radiotherapy, and cryoablation)
Comparator graft nephrectomy
Outcome Patient overall survival; progression free survival; graft survival; toxicity; and local control
Time frame 2010-2019

PICO: Population, Intervention, Comparator, and Outcome
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• Evaluating the use of focal treatment (FT) 
(TA, radiofrequency, microwave, cryoablation, 
brachytherapy, electrochemotherapy, and stereo-
tactic body radiotherapy) compared to graft ne-
phrectomy

• Evaluating as an outcome patient overall survival 
(OS); progression free survival; graft survival; tox-
icity; and local control

• English language
• Time restriction (2010-2019)
• Original article.

Exclusion criteria
Conference paper, doubled publication, survey, letter, 
editorial, book chapter, and review were excluded from 
the study.

Data extraction and synthesis
Data from selected full-text studies were extracted by 
two independent authors. The collected data, includ-
ing first author, country, year of publication, study 
design, number of patients, type of developed can-
cer, treatment features, and main results, were then 

entered in an electronic sheet and compared between 
the two authors. In presence of differences, the au-
thors analyzed the article and discussed divergent 
points. A narrative description of the results was fi-
nally performed and discussed with the multidisci-
plinary team.

Results

The literature search strategy resulted in 331 single 
citations. After literature screening, 24 records were 
identified for full-text evaluation. Out of these, 12 
were excluded and the reasons for exclusion are re-
ported in Figure 1. Eventually, 10 full-texts were con-
sidered eligible and were included in results analysis. 
Twelve additional articles were included based on 
subtract evaluation because they were clearly eligible. 
The flowchart of the studies selection process is de-
scribed in Figure 1.

Characteristics of the Included Studies
All selected studies were retrospective case-series, per-
formed between 2011 and 2019 in France, USA, Hun-

Table 2 Literature search

Electronic engineer Search string

PubMed ((“Renal transplant” OR “kidney transplant” OR “kidney transplantation” OR “renal transplantation”) AND 
 (metastasis OR metastatic OR metastases OR “cancer” OR neoplasm OR “tumor” OR “cancers” OR 
 “tumors” OR “tumor” OR “tumors” OR neoplasms OR melanoma) AND (“focal treatment” OR thermal 
 ablation OR radiofrequency OR brachytherapy OR electrochemotherapy OR “stereotactic body 
 radiation therapy” OR “stereo body radiotherapy” OR “stereobody radiotherapy” OR “stereotactic 
 radiotherapy”OR SBRT OR cryoablation)
 Filters: English; 10 years
Web of Science ALL=(((Renal transplant) OR (kidney transplant) OR (kidney transplantation) OR (renal transplantation)) 
 AND (metastasis OR metastatic OR metastases OR cancer OR neoplasm OR tumor OR cancers OR 
 tumors OR tumor OR tumors OR neoplasms OR melanoma) AND ((focal treatment) OR thermal 
 ablation OR radiofrequency OR brachytherapy OR electrochemotherapy OR (stereotactic body 
 radiation therapy) OR (stereo body radiotherapy) OR (stereobody radiotherapy) OR (stereotactic 
 radiotherapy) OR SBRT OR cryoablation)
Scopus ((“Renal transplant” OR “kidney transplant” OR “kidney transplantation” OR “renal transplantation”) 
 AND (metastasis OR metastatic OR metastases OR “cancer” OR neoplasm OR “tumor” OR “cancers” OR 
 “tumors” OR “tumor” OR “tumors” OR neoplasms OR melanoma)) AND (“focal treatment” OR thermal 
 ablation OR radiofrequency OR brachytherapy OR electrochemotherapy OR“stereotactic body 
 radiation therapy” OR “stereo body radiotherapy” OR “stereobody radiotherapy” OR “stereotactic 
 radiotherapy” OR SBRT OR cryoablation) AND ( LIMIT-TO (PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 
 2018) OR LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR 
 LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO (PUBYEAR, 2012) OR LIMIT-TO 
 (PUBYEAR, 2011) OR LIMIT-TO (PUBYEAR, 2010) OR LIMIT-TO (PUBYEAR, 2009)) AND (LIMIT-TO 
 (LANGUAGE, “English”)
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gary, Canada, Italy, Belgium, Germany, Denmark and 
Australia. All patients were diagnosed with a kidney 
graft neoplasm, detected during routine follow-up, 
and underwent FT (radiofrequency TA, microwave 
ablation, cryoablation, interventional radiotherapy 
(IRT, also called brachytherapy), and stereotactic body 
radiotherapy or partial/total graft nephrectomy. Kid-
ney graft neoplasms approached with FTs were mostly 
small (<3 cm), unique cortical, or partially exophytic 
lesions, even though FT of lesions larger than 3cm, as 
well as of two or more small lesions of the same graft 
were described. Characteristics of included studies are 
reported in Table 3.

Twenty studies reported no graft rejection[8-26] 
while one study showed three graft rejection.[12] Local 
recurrences were reported in two studies.[17,21]

Christensen and Hansen found a graft neoplasm 
only 4 days after transplantation, suggesting the 
donor-origin of the tumor.[11] Pre-treatment bi-
opsy can help to assess the histotype as well as the 
origin of the neoplasm, as in the case described by 
Veltri et al., in which Fluorescence In-Situ Hybridiza-
tion performed on the bioptic sample from the graft 
neoplasm in a male patient revealed the presence of 

female sexual chromosomes (XX), likely from the fe-
male donor.[26,27]

Végső et al.[25] treated nine patients (five RFA 
and four nephrectomies) and reported a global 1- and 
2-years OS of 83.3% and 66.6%, respectively: The five 
RFA patients were still alive at follow-up, whereas only 
25% of nephrectomy patients was alive.

Guleryuz et al.[18] treated 62 patients conserva-
tively including: 48 by PN and 14 by TA. These pa-
tients were compared to 30 other patients who were 
treated by transplant nephrectomy. Nine patients 
treated by PN had post-operative complications 
(21%), including four requiring operative interven-
tion (Clavien IIIb). None of the patients treated by TA 
had complications. None of the 62 patients required 
post-treatment dialysis, and all transplants were func-
tional 1 month after the treatment. One patient had a 
recurrence 23 months after treatment with PN. Spe-
cific survival was 100% at the time of last follow-up 
(median time after treatment 37 months) for patients 
treated by PN or TA.

In addition, there is a great variability between these 
various studies on FT protocols, even for the same type 
of FT (e.g., RFA) and for the same specific manufactur-
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er, in terms of ablation time (report-
edly ranging from 6 to 15 min for le-
sions smaller than 2 cm), temperature, 
and number of probes.[19,20]

Conservative treatment can be 
preferred to nephrectomy, when it is 
feasible, to avoid a return to dialysis: 
Among conservative treatments, PN 
is the treatment of choice for small 
de novo kidney tumors. On the other 
side, FTs, which showed short- and 
mid-term results similar to nephrec-
tomy, can be considered as alternative 
therapeutic options, and can be per-
formed during conscious sedation, as 
opposed to general anesthesia of par-
tial/total graft nephrectomy, reducing 
the risks for the patient.[18]

Data Synthesis
The studies underlined safety and ef-
ficacy of FTs, with low morbidity 
and good graft survival, but none of 
them provided a direct comparison 
with graft NSS. There is still no clear 
evidence that FTs, and percutaneous 
ones in particular, are indicated as a 
standard treatment in kidney graft 
neoplasms as opposed to total or par-
tial graft nephrectomy.

Discussion

Ultrasound follow-up of kidney grafts 
is performed routinely and makes easy 
to diagnose a Stage I renal cancer.[28] 
Even though PN is considered the 
treatment of choice in these patients, 
some of them might not be eligible 
for surgery for several reasons (co-
morbidities, tumor site, or histology); 
in addition, PN would be performed 
on a non-naive abdominal site which 
already received graft implant sur-
gery. These patients could likely ben-
efit from a focal approach, which is of 
great efficacy in small lesions as Stage 
I neoplasms.[18]

The present systematic review 
showed that FTs, which demonstrated 
short- and mid-term results similar to Ta

bl
e 

3 
Co

nt
.

A
ut

ho
r, 

ye
ar

 (C
ou

nt
ry

) 
Ti

tl
e 

O
bj

ec
ti

ve
 

Tr
ea

tm
en

t(
s)

 
M

ai
n 

re
su

lt
s

Su
 e

t a
l.,

 A
us

tr
al

ia
 (2

01
4)

[2
2]

 
M

an
ag

em
en

t o
f r

en
al

 m
as

se
s 

in
 

Pa
tie

nt
 a

nd
 g

ra
ft

 s
ur

vi
va

l, 
O

ne
 R

FA
, 

10
0%

 a
liv

e  
 

tr
an

sp
la

nt
 a

llo
gr

af
ts

 a
t a

n 
au

st
ra

lia
n 

tr
ea

tm
en

t e
ffi

ca
cy

 
th

re
e 

ne
ph

re
ct

om
y/

N
SS

 
10

0%
 g

ra
ft

 s
ur

vi
va

l (
in

 R
FA

 e
 N

SS
) 

 
ki

dn
ey

-p
an

cr
ea

s 
tr

an
sp

la
nt

 u
ni

t 
 

 
N

o 
re

cu
rr

en
ce

Sw
or

ds
 e

t a
l.,

 U
SA

 (2
01

3)
[2

3]
 

Tr
ea

tm
en

t o
pt

io
ns

 fo
r r

en
al

 c
el

l c
ar

ci
no

m
a 

Pa
tie

nt
 a

nd
 g

ra
ft

 s
ur

vi
va

l, 
RF

A
 (t

w
o 

tu
m

or
s, 

10
0%

 a
liv

e  
 

in
 re

na
l a

llo
gr

af
ts

: A
 c

as
e 

se
rie

s 
fr

om
 a

 
tr

ea
tm

en
t e

ffi
ca

cy
 

on
e 

pa
tie

nt
), 

10
0%

 g
ra

ft
 s

ur
vi

va
l (

RF
A

 a
nd

 
 

si
ng

le
 in

st
itu

tio
n 

 
th

re
e 

ne
ph

re
ct

om
y/

N
SS

 
pa

rt
ia

l n
ep

hr
ec

to
m

y)
Ti

llo
u 

et
 a

l.,
 F

ra
nc

e 
(2

01
2)

[2
4]

 
D

e 
no

vo
 k

id
ne

y 
gr

af
t t

um
or

s:
 R

es
ul

ts
 

Ca
nc

er
 s

pe
ci

fic
 s

ur
vi

va
l r

at
es

 
N

ep
hr

ec
to

m
y 

5 
ye

ar
s 

ca
nc

er
 s

pe
ci

fic
 s

ur
vi

va
l r

at
e  

 
fr

om
 a

 m
ul

tic
en

tr
ic

 re
tr

os
pe

ct
iv

e 
 

(n
=3

5,
 4

4.
3%

) 
w

as
 9

4%
 

 
na

tio
na

l s
tu

dy
 

 
Ra

di
of

re
qu

en
cy

 
 

 
(n

=5
; 6

.3
%

)
Vé

gs
ő 

et
 a

l.,
 H

un
ga

ry
 (2

01
3)

[2
5]

 
D

et
ec

tio
n 

an
d 

m
an

ag
em

en
t o

f r
en

al
 c

el
l 

Pa
tie

nt
 a

nd
 g

ra
ft

 s
ur

vi
va

l, 
Fi

ve
 R

FA
, f

ou
r n

ep
hr

ec
to

m
y 

10
0%

 a
liv

e 
RF

A
; 2

5%
 a

liv
e  

 
ca

rc
in

om
a 

in
 th

e 
re

na
l a

llo
gr

af
t 

tr
ea

tm
en

t e
ffi

ca
cy

 
 

ne
ph

re
ct

om
y 

(3
/4

 d
ie

d:
 c

au
se

 o
f 

 
 

 
 

de
at

h 
w

as
 tu

m
ou

r p
ro

gr
es

si
on

, 
 

 
 

 
pn

eu
m

on
ia

 a
nd

 s
ep

si
s)

 (m
ea

n 
FU

P 
 

 
 

 
22

.6
 m

on
th

s)
 

 
 

 
10

0%
 g

ra
ft

 s
ur

vi
va

l (
RF

A
)

 
 

 
 

1 
y 

O
S:

 8
3.

3%
; 2

y 
O

S 
66

.6
%

Ve
ltr

i e
t a

l.,
 It

al
y 

(2
00

9)
[2

6]
 

Ra
di

of
re

qu
en

cy
 T

he
rm

al
 A

bl
at

io
n 

of
 

Pa
tie

nt
 a

nd
 g

ra
ft

 s
ur

vi
va

l, 
Th

re
e 

RF
A

 
10

0%
 g

ra
ft

 a
nd

 p
at

ie
nt

 s
ur

vi
va

l  
 

Sm
al

l T
um

or
s 

in
 T

ra
ns

pl
an

te
d 

Ki
dn

ey
s:

 
tr

ea
tm

en
t e

ffi
ca

cy
 

 
N

o 
lo

ca
l r

ec
ur

re
nc

e 
 

A
n 

Ev
ol

vi
ng

 N
ep

hr
on

-s
pa

rin
g 

O
pt

io
n

RF
A

: R
ad

io
fr

eq
ue

nc
y 

ab
la

tio
n;

 N
SS

: N
ep

hr
on

-s
pa

rin
g 

su
rg

er
y;

 M
W

A
: M

ic
ro

w
av

e 
ab

la
tio

n;
 TA

: T
he

rm
al

 a
bl

at
io

n;
 IR

E:
 Ir

re
ve

rs
ib

le
 e

le
ct

ro
po

ra
tio

n;
 G

FR
: G

lo
m

er
ul

ar
 fi

ltr
at

io
n 

ra
te

; F
U

P:
 F

ol
lo

w
-u

p;
 y

: Y
ea

r; 
O

S:
 O

ve
ra

ll 
su

rv
iv

al
; R

CC
: R

en
al

 c
el

l c
ar

ci
no

m
a



358 Turk J Oncol 2022;37(3):351–60
doi: 10.5505/tjo.2022.2891

PN, can be considered as a good alternative therapeutic 
option. FTs can be performed during conscious seda-
tion, as opposed to general anesthesia of partial/total 
graft nephrectomy, reducing the risks for the patient.

In non-transplanted patients, a systematic review 
and meta-analysis reported that recurrence-free sur-
vival and cancer-specific survival were similar be-
tween patients treated with PN and TA.[29] These 
results oppose a previous meta-analysis in which re-
currence-free survival was inferior for RFA and cryo-
ablation when compared with PN, although metasta-
sis-free survival was not significantly different among 
the treatment groups.[30] Klatte et al.[31] performed 
a systematic review comparing PN and laparoscopic 
cryoablation and observed a higher risk of recurrence 
for cryoablation patients, while metastases-free sur-
vival was similar. In case of renal transplant patients, 
the treatment scenario is more complicated. Due to 
the low incidence of renal graft neoplasms, most stud-
ies on the management of renal tumors in transplant 
allografts come from case reports and short series, 
and the interpretation of the literature is burdened by 
the selection bias related to patients’ age and comor-
bidities.[32] These observations suggest that further 
study is warranted.

When planning a FT of a neoplasm arising from 
the kidney graft, various elements must be taken 
in consideration: Among these, the complex net of 
nerves that crosses and connects different pelvic 
structures, first of all the genitofemoral nerve which is 
the one particularly exposed to accidental iatrogenic 
injury.[33] Age is another important factor that must 
be taken into account when planning a treatment: 
An old transplant patient with a renal tumor could 
be treated with a percutaneous approach even when 
risk of recurrence is not negligible: This approach, al-
though curative, would offer to this old patient more 
years of renal function.

The decision regarding allograft mass manage-
ment was based on the desire to maintain adequate 
renal function, patient preference and competing 
health risks, and mass characteristics and site. Kid-
ney graft neoplasms management must be carefully 
and thoroughly discussed at multidisciplinary renal 
oncology rounds, considering both the need to be 
as radical as possible, as well as the need to try to 
preserve renal function and avoid the risk of dialysis, 
and also taking into account patient’s characteristics 
and preferences.

Conclusion

Even though there is still no clear evidence that FTs 
are indicated as a standard treatment in kidney graft 
neoplasms as opposed to total or partial graft nephrec-
tomy, encouraging data come from the analyzed stud-
ies. Randomized studies are needed, as well as studies 
with larger numbers.
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