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Abstract
BACKGROUND
To date, there are no guidelines on the treatment of solid neoplasms in the
transplanted kidney. Historically, allograft nephrectomy has been considered the
only reasonable option. More recently, nephron-sparing surgery (NSS) and
ablative therapy (AT) have been proposed as alternative procedures in selected
cases.

AIM
To review outcomes of AT for the treatment of renal allograft tumours.

METHODS
We conducted a systematic review according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2009 Checklist. PubMed was searched in
March 2019 without time restrictions for all papers reporting on radiofrequency
ablation (RFA), cryoablation (CA), microwave ablation (MWA), high-intensity
focused ultrasound (HIFU), and irreversible electroporation (IRE) of solid
tumours of the kidney allograft. Only original manuscripts describing actual
cases and edited in English were considered. All relevant articles were accessed
in full text. Additional searches included all pertinent references. Selected studies
were also assessed for methodological quality using a tool based on a
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modification of the Newcastle Ottawa scale. Data on recipient characteristics,
transplant characteristics, disease characteristics, treatment protocols, and
treatment outcomes were extracted and analysed. Given the nature and the
quality of the studies available (mostly retrospective case reports and small
retrospective uncontrolled case series), a descriptive summary was provided.

RESULTS
Twenty-eight relevant studies were selected describing a total of 100 AT
procedures in 92 patients. Recipient age at diagnosis ranged from 21 to 71 years
whereas time from transplant to diagnosis ranged from 0.1 to 312 mo. Most of the
neoplasms were asymptomatic and diagnosed incidentally during imaging
carried out for screening purposes or for other clinical reasons. Preferred
diagnostic modality was Doppler-ultrasound scan followed by computed
tomography scan, and magnetic resonance imaging. Main tumour types were:
papillary renal cell carcinoma (RCC) and clear cell RCC. Maximal tumour
diameter ranged from 5 to 55 mm. The vast majority of neoplasms were T1a N0
M0 with only 2 lesions staged T1b N0 M0. Neoplasms were managed by RFA (n
= 78), CA (n = 15), MWA (n = 3), HIFU (n = 3), and IRE (n = 1). Overall, 3
episodes of primary treatment failure were reported. A single case of recurrence
was identified. Follow-up ranged from 1 to 81 mo. No cancer-related deaths were
observed. Complication rate was extremely low (mostly < 10%). Graft function
remained stable in the majority of recipients. Due to the limited sample size, no
clear benefit of a single procedure over the other ones could be demonstrated.

CONCLUSION
AT for renal allograft neoplasms represents a promising alternative to radical
nephrectomy and NSS in carefully selected patients. Properly designed clinical
trials are needed to validate this therapeutic approach.

Key words: Ablative therapy; Cryoablation; Radiofrequency ablation; Microwave
ablation; High-intensity focused ultrasonography; Irreversible electroporation; Neoplasm;
Kidney transplant; Renal allograft; Systematic review

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Ablative therapy (AT) is a minimally invasive alternative to radical or partial
nephrectomy for the treatment of renal allograft tumours. To date, limited data exist
regarding long-term efficacy and safety. We performed a systematic review on
radiofrequency ablation, cryoablation, microwave ablation, high-intensity focused
ultrasound, and irreversible electroporation of neoplasms arising in the transplanted
kidney and described treatment-specific and overall outcomes. In the considered cases,
AT was successfully offered to all transplant recipients with benign tumours or with
American Joint Committee on Cancer T1a N0 M0 renal cell carcinomas of the kidney
allograft who were not suitable for more aggressive and demanding surgical treatments.

Citation: Favi E, Raison N, Ambrogi F, Delbue S, Clementi MC, Lamperti L, Perego M,
Bischeri M, Ferraresso M. Systematic review of ablative therapy for the treatment of renal
allograft neoplasms. World J Clin Cases 2019; 7(17): 2487-2504
URL: https://www.wjgnet.com/2307-8960/full/v7/i17/2487.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i17.2487

INTRODUCTION
Kidney  transplantation  (KTx)  is  the  best  therapy  for  end-stage  renal  disease[1].
However, due to chronic exposure to immunosuppression, renal transplant recipients
have higher incidences of malignancy than the general population[2-4]. Among cancer-
related complications, neoplasms involving the allograft are particularly difficult to
manage and deserve special consideration[5]. Ideally, optimal therapy should ensure
tumour control while preserving as much transplant function as possible.  In this
complex group of patients, the benefit of complete allograft removal must be carefully
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weighed against the substantial risk of death arising from renal failure and return to
chronic dialysis[5-7].

Like  in  the  non-transplant  population,  for  many years  nephrectomy has  been
considered  the  gold  standard  treatment[8].  More  recently,  recognition  of  the
advantages of nephron-sparing surgery (NSS) and ablative therapy (AT) in native
kidneys has led to an increasing use of such alternative options in renal allografts[9-12].
Radiofrequency ablation (RFA), cryoablation (CA), microwave ablation (MWA), high-
intensity focused ultrasound (HIFU), and irreversible electroporation (IRE) have all
shown promising results in selected cases but solid evidence supporting their role in
the management of kidney allograft neoplasms and long-term follow-up data are still
missing.

To date, no clinical guidelines, comprehensive meta-analyses, or systematic reviews
addressing this  topic  have been published.  The aim of  the present  study was to
systematically review characteristics and outcomes of AT for the treatment of solid
masses of the transplanted kidney.

MATERIAL AND METHODS

Literature search
We conducted a systematic review according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2009 Checklist[13]. PubMed was searched in
March 2019 for any papers reporting on AT of kidney allograft neoplasms. No time
limits  were applied.  The following key word combinations were used:  “thermal
ablation”, “kidney ablation”, “renal ablation”, “allograft ablation”, “graft ablation”,
“transplant ablation”, “allograft cancer”, “allograft neoplasm”, “allograft tumor”,
“allograft mass”, “kidney transplant cancer”, “kidney transplant neoplasm”, “kidney
transplant  tumor”,  “kidney  transplant  mass”,  “renal  transplant  cancer”,  “renal
transplant neoplasm”, “renal transplant tumor”, and “renal transplant mass”. Only
English manuscripts were considered.

Study selection and data extraction
Primary and secondary searches were performed by two independent groups of
authors. Disagreements between the two groups were resolved by discussion with the
lead author. Duplicate articles were removed. Remainder were screened out reading
titles and abstracts. Manuscripts potentially describing cases of AT of kidney allograft
tumours were assessed in full text. Only original studies actually reporting on AT of
neoplasms in the transplanted kidney were included. Additional search of reference
lists was performed. If available, the following data points were collected: recipient
ethnicity,  recipient  gender,  recipient  age,  donor  type,  donor  gender,  donor  age,
induction  treatment,  maintenance  immunosuppression,  time from transplant  to
tumour diagnosis, tumour type, tumour size, tumour histology, Fuhrman grade[14],
diagnostic modality, staging modality, American Joint Committee on Cancer (AJCC)
Tumour  Nodes  Metastasis  (TNM) classification[15],  treatment  modality,  primary
treatment failure, secondary treatment failure, complications, allograft function before
and after treatment, recurrence, cancer-specific survival,  transplant survival,  and
length of  follow-up. Extracted data were transferred to a dedicated database for
analysis purpose.

Study quality assessment
Selected studies were assessed for methodological quality using a tool based on a
modification  of  the  Newcastle  Ottawa  scale  as  proposed  by  Murad  et  al[16].  As
suggested  by  the  authors,  questions  4,  5,  and  6  of  the  questionnaire  were  not
considered since they were mostly relevant to cases of adverse drug events. Rather
than  using  an  aggregate  score,  we  made  an  overall  judgement  considering  the
questions deemed most critical in the specific clinical scenario. Accordingly, quality of
selected studies was classified as low, average or high.

Statistical analysis
Our review considers a large majority of single case reports and some small case
series. No meta-analysis was performed as the small case series are composed of
heterogeneous patients making any summary measures meaningless.  In order to
describe  compactly  the  literature,  we  reported  the  number  for  the  categorical
variables and the range for the continuous ones. The tables must also be considered as
a compact way of describing the results from the literature review. No inferences can
be  drawn  from  this  study.  The  statistical  methods  were  assessed  by  a  senior
biomedical statistician (Federico Ambrogi, Associate Professor from the Laboratory of
Medical  Statistics,  Biometrics  and  Epidemiology  of  the  Department  of  Clinical
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Sciences and Community Health of the University of Milan).

RESULTS

Included studies
A flow diagram summarizing included articles and selection processes is depicted in
Figure 1. The amount of reports preliminarily retrieved using each of the keyword
combinations previously mentioned was 133206. More in details: thermal ablation,
5981; kidney ablation, 4130; renal ablation, 4374; allograft ablation, 172; graft ablation,
899;  transplant  ablation,  4205;  allograft  cancer,  6749;  allograft  neoplasm,  5502;
allograft tumor, 7726; allograft mass, 1720; kidney transplant cancer, 13171; kidney
transplant neoplasm, 11784; kidney transplant tumor, 14121; kidney transplant mass,
5495;  renal  transplant  cancer,  14010;  renal  transplant  neoplasm,  12406;  renal
transplant  tumor,  14896;  and renal  transplant  mass,  5865.  After  duplicates  were
removed (n = 87755), a pool of 45451 manuscripts remained for further evaluation.
Following the inclusion criteria described above and after reviewing papers by title
and abstract, 110 full text articles were identified. Articles not reporting original cases
of AT of kidney allograft neoplasms were excluded (n = 82). No additional reports
were found through searches of references. Eventually, 28 studies were selected[17-44].
No  randomized  clinical  trials,  prospective  controlled  studies  or  prospective
uncontrolled studies  were  identified.  At  the  end of  the  process,  we included 12
retrospective case reports, 13 single-centre retrospective uncontrolled case series, 2
multi-centre retrospective uncontrolled case series, and 1 multi-centre retrospective
controlled case series. Main characteristics and qualitative evaluations of the studies
meeting the criteria for the systematic review are described in Table 1. In total, 100
KTx neoplasms in 92 recipients were treated by 100 primary AT procedures. This
included 78 RFA, 15 CA, 3 MWA, 3 HIFU, and 1 IRE.

Patients’ characteristics
Only a few articles reported on the total number of KTx performed over the same
period in which allograft neoplasms were diagnosed and treated. Consequently, no
reliable  estimate  of  cumulative  incidence  of  these  tumours  could  be  calculated.
Nevertheless, according to Tillou et al[33], incidence and prevalence of KTx neoplasms
are 0.19% and 0.5%, respectively. Information regarding donor type, donor gender,
donor  age,  recipient  ethnicity,  induction  treatment,  and  maintenance
immunosuppression were seldom given. Gender details were available for 69/92
(75%) recipients undergoing AT. Data on recipient age were reported in 64/92 (69.6%)
patients. Recipient age at the time of tumour diagnosis ranged from 21 to 71 years.
Time between transplantation and diagnosis was adequately reported in 48/100 (48%)
cases. Time interval range was 0.1-312 mo.

Neoplasms characteristics
Diagnosis was made by imaging in almost all the lesions. Albeit scarce (38/100, 38%),
data  showed that  neoplasm distribution within  the  allograft  was  homogeneous.
Tumour  appearance  was  available  in  48/100  (48%)  cases.  Most  lesions  were
endophytic but both exophytic and mixed exo-endophytic masses were described.
Size was reported in 73/100 (73%) neoplasms. Maximal tumour diameter ranged from
5 to 55 mm. The majority of the neoplasms showed a maximal diameter inferior to 20
mm. Only 2 cases exceeding 40 mm were reported. Biopsy was obtained for 93/100
(93%) masses. Final pathologist reports demonstrated: Papillary renal cell carcinoma
(RCC),  clear  cell  RCC, RCC not otherwise specified,  chromophobe RCC, tubulo-
papillary  RCC,  tubulo-cystic  RCC,  mixed  clear  cell  and  papillary  RCC,  and
oncocytoma  .  Details  on  Fuhrman  grading  score  were  given  for  38/100  (38%)
neoplasms. Most lesions were grade I or grade II. No cases of locally advanced or
metastatic disease were reported. Staging as per AJCC 2010 TNM classification was
reported for 93/100 (93%) tumours. The vast majority were T1a N0 M0 with only 2
T1b N0 M0. Clinical presentation was described for 91/100 (91%) neoplasms. Most
masses were asymptomatic  and were diagnosed during routine ultrasound (US)
follow-up or  incidentally  discovered during investigations carried out  for  other
reasons.  Symptoms not  necessarily  related to  the tumour that  prompted further
assessment included haematuria, allograft dysfunction, abdominal pain, fever, flu-like
syndrome, and asthenia. Characteristics of kidney allograft neoplasms treated by AT
are summarized in Table 2.

Diagnostic modalities
Detailed descriptions of diagnostic work up were available in 95/100 (95%) cases.
Most lesions were initially detected by Doppler-US scan with or without contrast
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Table 1  Characteristics of studies meeting the criteria for the systematic review

Study Design Period Total Ablation Ablation Quality

sample size sample size technique

(P/N) (P/N)

Charboneau et al[18] R-CR 2002 1/1 1/1 RF L

Shingleton et al[17] R-CR 2002 1/1 1/1 CA L

Baughman et al[19] R-CR 2004 1/1 1/1 RF L

Hruby et al[22] R-CR 2006 1/1 1/1 CA L

Goeman et al[21] R-CR 2006 1/1 1/1 RF L

Aron et al[23] R-CR 2007 1/1 1/1 RF L

Matevossian et al[24] R-CR 2008 1/1 1/1 RF L

Sanchez et al[26] R-CR 2009 1/1 1/1 RF L

Chakera A et al[27] R-CR 2010 1/1 1/1 HIFU L

Olivani et al[29] R-CR 2011 1/1 1/1 RF L

Silvestri et al[36] R-CR 2014 1/1 1/1 CA L

Christensen et al[38] R-CR 2015 1/1 1/1 RF L

Roy et al[20] S-U-R-CS 2005 2/2 1/1 RF L

Veltri et al[25] S-U-R-CS 2009 3/3 3/3 RF L

Elkentaoui et al[28] S-U-R-CS 2010 39/42 2/2 RF L

Leveridge et al[31] S-U-R-CS 2011 47/53 3/3 RF L

Ploussard et al[32] S-U-R-CS 2012 12/17 2/2 CA L

Swords et al[34] S-U-R-CS 2013 4/4 1/1 RF L

Vegso et al[35] S-U-R-CS 2013 9/9 5/5 RF L

Su et al[37] S-U-R-CS 2014 4/5 1/2 RF L

Hernàndez et al[39] S-U-R-CS 2015 4/4 1/1 RF L

Cool et al[41] S-U-R-CS 2017 10/12 10/12 RF A

Iezzi et al[42] S-U-R-CS 2018 3/3 3/3 RF L

Di Candio et al[43] S-U-R-CS 2019 3/4 3/4 RF, HIFU L

Gul et al[44] S-U-R-CS 2019 6/6 6/6 CA, MW, IRE L

Tillou et al[33] M-U-R-CS 2012 79/79 5/5 RF A

Cornelis et al[30] M-U-R-CS 2011 20/24 20/24 RF, CA A

Guleryuz et al[40] M-C-R-CS 2016 92/92 14/14 RF, CA H

P: Patient;  N:  Neoplasm; R:  Retrospective;  CR:  Case report;  RF:  Radiofrequency ablation;  L:  Low; CA:
Cryoablation; HIFU: High-intensity focused ultrasound; S: Single-centre; U: Uncontrolled; CS: Case series; A:
Average; MW: Microwave ablation; IRE: Irreversible electroporation; M: Multi-centre; C: Controlled; H: High.

enhancement. The remaining masses were diagnosed by contrast-enhanced computed
tomography (CT) scan, magnetic resonance imaging (MRI) with or without contrast
dye, a combination of different imaging modalities or kidney allograft biopsy.

Staging modalities
Information regarding staging modality could be retrieved for 49/100 (49%) tumours.
Preferred imaging technique was contrast-enhanced CT scan followed by MRI with or
without contrast dye and Doppler-US scan with or without contrast enhancement.

Access for AT
Technical details were obtained for 84/100 (84%) ablative treatments. A percutaneous
approach was used in most of the procedures. Other access modalities were: Trans-
osseous (n = 1), laparoscopic (n = 1), and open (n = 1).

Imaging guidance for AT
Guidance modality was described for 71/100 (71%) procedures. US-guided and CT-
guided procedures were the most frequently reported.

Follow-up modalities
Follow-up protocol was mentioned for 69/100 (69%) treatments. In most cases, a
combination of different imaging modalities was used. In one study an US-guided
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Figure 1

Figure 1  Flow diagram of the systematic review.

allograft biopsy was also obtained as a part of the routine surveillance program.

Overall outcome of AT
Twenty-eight  studies  describing  100  AT  of  KTx  neoplasms  in  92  patients  were
considered[17-44]. Patients and tumours characteristics as well as technical details of the
procedures (access  to  the allograft  and guidance modality)  have been described
above. Overall,  3 episodes of primary treatment failure (residual tumour present
following  treatment)  were  reported.  In  2  cases,  repeat  AT was  performed with
successful ablation of the lesion. Follow-up range was 1-81 mo. One local recurrence
which was successfully treated with further AT was described. One patient developed
regional lymph node metastases without local recurrence 4 years after treatment. This
recipient died from a cardiovascular event a few months later. No kidney allograft
cancer-specific deaths were recorded. Eleven patients experienced peri-operative
complications. Transplant function remained stable in the majority of the patients. In
5 recipients, there was a progressive deterioration of function eventually leading to
allograft loss. Overall characteristics and outcome of AT are summarized in Table 3.

Outcome of RFA
RFA was by far the most widely used treatment modality with 22 studies reporting on
78 procedures in 70 patients[18-21,23-26,28-31,33-35,37-43]. Recipient age ranged from 21 to 77
years.  Histological  evaluation  was  obtained  in  73/78  (93.6%)  cases  and  it
demonstrated papillary RCC (n = 41), clear cell RCC (n = 10), chromophobe RCC (n =
2), tubulo-papillary RCC (n = 2), tubulo-cystic RCC (n = 1), and RCC not otherwise
specified (n = 17). Tumor size ranged from 5 to 40 mm. All lesions were T1a N0 M0.
Almost all the procedures were executed percutaneously under US or CT guidance.
Overall,  2  cases  of  primary  treatment  failures  were  identified.  Both  patients
underwent repeat RFA obtaining successful tumour ablation. Post-operative follow-
up range was 3-71 mo. Local recurrence was observed in one treatment. Recurrent
disease was successfully managed by repeat RFA. No cancer-related deaths were
recorded.  Peri-operative  complication  rate  was  less  than  15% in  all  the  reports.
Complications were: Transient leg pain due to thermal injury to the genitofemoral
nerve (n = 3), urinary leakage (n = 1), cruralgia due to thermal injury to the ileopsoas
muscle (n = 1), ablative site infection (n = 2), and post-infarction syndrome (n = 1).
Renal function remained consistently stable in most cases. However, a few recipients
developed irreversible allograft dysfunction. Characteristics and outcome of RFA are
summarized in Table 4.

Outcome of CA
CA  of  a  renal  allograft  neoplasm  has  been  described  in  7  studies  treating  15
patients[17,22,30,32,36,40,44]. Recipient age at the time of intervention ranged from 35 to 71
years. Histology was available in 13/15 (86.7%) cases. Treated tumours comprised
clear cell RCC (n = 7), papillary RCC (n = 3), mixed clear cell and papillary RCC (n =
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Table 2  Summary of the characteristics of the case reports and the case series of kidney
allograft neoplasms treated by ablative therapy1

Variables Range or number

Neoplasms 100

Imaging-based diagnosis

RCC 94

Cystic mass 4

Oncocytoma 1

Not available 1

Localization

Interpolar 16

Lower pole 12

Upper pole 10

Not available 62

Growth pattern

Endophytic 27

Exophytic 16

Mixed exo-endophytic 5

Not available 52

Size

Maximal diameter (mm) 5-55

Maximal diameter 0-20 mm 37

Maximal diameter 21-30 mm 26

Maximal diameter 31-40 mm 9

Maximal diameter > 40 mm 1

Not available 27

Histology-based diagnosis

Papillary RCC 48

Clear cell RCC 20

Chromophobe RCC 2

Tubulo-papillary RCC 2

Tubulo-cystic RCC 1

Mixed clear cell and papillary RCC 1

RCC not otherwise specified 17

Oncocytoma 1

Indeterminate 1

Not available 7

Fuhrman grading score

Grade I 10

Grade II 24

Grade I-II 3

Grade III 1

Not available 62

AJCC TNM classification

T1a N0 M0 91

T1b N0 M0 2

Not available 7

Ablative treatment

RFA 78

CA 15

MWA 3

HIFU 3)

IRE 1/100 (1)

1Summaries based on individual cases should not be considered as an estimate of the “real world”. RCC:
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Renal cell carcinoma; AJCC: American Joint Committee on Cancer; TNM: Tumor nodes metastasis; RFA:
Radiofrequency ablation; CA: Cryoablation; MWA: Microwave ablation; HIFU: High-intensity focused
ultrasound; IRE: Irreversible electroporation.

1), oncocytoma (n = 1), and indeterminate (n = 1). Neoplasm size range was 15-41 mm.
One lesion was stage T1b N0 M0 with the reminder T1a N0 M0. Cryoablation was
predominantly performed using a percutaneous approach under US or CT guidance.
There were no primary treatment failures and no local recurrences after a follow-up
ranging from 1 to 59 mo. One patient developed regional lymph node metastasis 4
years after the procedure and died from cardiovascular accident a few months later.
No episodes  of  cancer-related  death  were  recorded.  Overall,  there  were  2  peri-
operative  complications:  An  abdominal  wall  hematoma  and  a  retroperitoneal
hematoma requiring surgical drainage. No significant changes in allograft function
were noted before and after treatment. Characteristics and outcome of cryoablation
are summarized in Table 4.

Outcome of MWA
Three cases of MWA of a KTx tumour were reported. In their retrospective case series,
Gul et al[44] described successful treatment of 1 clear cell (28 mm, Fuhrman grade I-II,
T1a N0 M0) and 2 papillary (22 mm, Fuhrman grade I-II, T1a N0 M0 and 31 mm,
Fuhrman grade II, T1a N0 M0) RCC in 3 transplant recipients. All the procedures (2
percutaneous and 1 transosseous) were carried out under CT guidance and led to
complete tumour ablation. During follow-up (range, 8-61 mo), no primary treatment
failures or recurrences were observed and graft function remained consistently stable.
One  of  the  patients  experienced  transient  leg  pain  due  to  thermal  injury  to  the
genitofemoral nerve. Characteristics and outcome of MWA are summarized in Table
4.

Outcomes of HIFU
Two studies reporting on HIFU for the treatment of renal allograft tumours were
identified, reporting 3 AT treatments in 3 patients. In the first report, Chakera et al[27]

described how they treated a symptomatic 55 mm clear cell RCC (Fuhrman grade II,
T1b N0 M0) in a 58-year old recipient. The procedure was performed percutaneously
under US guidance with no intra- or post-operative complications. Despite 3 ablations
to  the  lesion,  treatment  was  not  successful  and  the  patient  required  a  partial
graftectomy. Percutaneous US-guided HIFU was also used by Di Candio et al[43] to
ablate two small (22 mm and 8 mm) papillary RCC (T1a N0 M0). Treatment was
effective  in  both  cases  with  no  signs  of  relapse  after  6  years  of  follow-up.  Peri-
operative  course  was  uneventful  and  no  loss  of  graft  function  was  observed.
Characteristics and outcome of HIFU are summarized in Table 4.

Outcome of IRE
We found only one study describing IRE[44]. The procedure was carried out under CT
guidance via a percutaneous approach to treat an asymptomatic 16 mm clear cell RCC
(Fuhrman grade III, T1a N0 M0) arising in a 57-year-old patient. There were no intra-
or post-operative complications, graft function remained stable over time, and no
signs of  recurrence were observed after  34 mo of  follow-up.  Characteristics  and
outcome of IRE are summarized in Table 4.

DISCUSSION
An  increased  susceptibility  to  primary  malignancies  and  lymphoproliferative
disorders is a well-recognized complication of KTx[2-4]. For renal transplant recipients,
cancer currently represents the third leading cause of mortality[45] and overall cancer
rates as high as 40% at 20 years have been reported[46]. In comparison to the general
population, this group of patients have been shown to have higher incidences of non-
melanoma skin cancers[47] and RCC[48]. Most renal neoplasms detected after transplant
occur in the native kidneys[48]. However, solid tumours involving the allograft are
being increasingly identified[5,7]. Reported prevalence of de novo neoplasms in the
transplanted kidney is between 0.2% and 0.5%, depending on the series[33,49,50]. The
exact  incidence of  these tumours is  difficult  to determine because available data
predominantly comes from retrospective registry analyses and refer to RCC. As the
majority of the studies included in our systematic review did not report the total
number of transplants performed during the same time in which the lesions were
treated, incidence or prevalence of the disease could not be estimated. Nevertheless,
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Table 3  Summary of the overall outcomes of ablative therapy of kidney allograft neoplasms
from the case reports and the case series examined1

Variables Range or number

Procedures 100

Patients 92

Interventional access

Percutaneous 81

Open 1

Laparoscopic 1

Transosseous 1

Not available 16

Guidance modality

US 31

CT 20

MRI 1

US and CT 19

Not available 29

Primary treatment failure 3

Secondary treatment failure 1

Recurrence 1

Disease-specific mortality 0

Overall renal allograft loss 5

Peri-operative complication 11

Urinary leakage 1

Post-infarction syndrome 1

Hematoma 2

Infection of the ablation site 2

Leg pain due to nerve injury 4

Leg pain due to muscle injury 1

Follow-up (mo) 1-81

1Summaries based on individual cases should not be considered as an estimate of the “real world”. US:
Ultrasound; CT: Computed tomography; MRI: Magnetic resonance imaging.

considering the increased use of kidneys from elderly donors[51], the progressive aging
of the population on the transplant waiting list[52],  the improvement in long-term
recipient and graft survival[45], and the widespread application of systematic imaging-
based screening protocols during the post-transplant follow-up[49], it is likely that the
incidence of kidney allograft tumours will, in the near future, rise considerably.

Specific  risk  factors  for  KTx neoplasms have been poorly  investigated[33].  It  is
generally accepted that well established risk factors for RCC in the native kidney may
be responsible for carcinogenesis in the renal allograft[53].  Chronic kidney disease,
prolonged renal replacement therapy, and long-term immunosuppression also play a
role[48,53,54]. Deceased donor recipients seem to be at higher risk than those receiving a
kidney  from  a  living  donor,  representing  approximately  90%  of  the  cases[55].  A
possible explanation is that deceased donors are generally older than living donors
and therefore more prone to develop malignancies. Differences in cancer screening
protocols before organ retrieval may also contribute. Tillou et al[55] showed that among
affected patients,  there  was  a  disproportionate  number  of  men .  An association
between primary renal disease (i.e.  glomerulopathies and uropathies) and kidney
allograft neoplasms has been also suggested but evidence remain weak[55]. It has been
demonstrated that the majority of  renal  allograft  tumours originate from donor-
derived cells. However, whether these neoplasms are de novo transformations or a
transplanted disease is often difficult to discriminate[7,56]. Primary RCC of recipient
origin has  been also reported[57].  Although not  routinely undertaken,  discerning
between  donor-derived  and  recipient-derived  neoplasms  may  have  important
implications as different cancer behaviours may be expected suggesting tailored
therapeutic strategies.

Time interval between transplantation and diagnosis is variable[7,58]. In our review
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Table 4  Summary of the different ablative therapies described in the case reports and the case
series examined1

Variables Range or Number

RFA CA HIFU MWA IR
E

Procedures 78 15 3 3 1

Patients 70 15 3 3 1

Tumor size (mm) 5-40 15-35 8-55 21-28 16

Tumor histology

Clear cell 10 7 1 1 1

Papillary 41 3 2 2 0

Mixed RCC 0 1 0 0 0

Chromophobe 2 0 0 0 0

Tubulo-papillary 2 0 0 0 0

Tubulo-cystic 1 0 0 0 0

RCC NOS 17 0 0 0 0

Oncocytoma 0 1 0 0 0

Indeterminate 0 1 0 0 0

Not available 5 2 0 0 0

Interventional access

Percutaneous 67 8 3 2 1

Open 0 1 0 0 0

Laparoscopic 0 1 0 0 0

Transosseous 0 0 0 1 0

Not available 11 5 0 0 0

Guidance modality

US 24 4 3 0 0

CT 12 4 0 3 1

MRI 0 1 0 0 0

US and CT 18 1 0 0 0

Not available 24 5 0 0 0

Primary treatment failure 2 0 1 0 0

Re-treatment failure 0 - 1 - -

Recurrence 1 0 0 0 0

Disease-specific mortality 0 0 0 0 0

Renal allograft loss 5 0 0 0 0

Complications 8 2 0 1 0

Follow-up (mo) 3-71 1-59 12-81 8-61 34

1Summaries based on individual cases should not be considered as an estimate of the “real world”. RCC:
Renal cell carcinoma; NOS: Not otherwise specified; US: Ultrasound; CT: Computed tomography; MRI:
Magnetic resonance imaging.

the considered cases showed a range between 0.1 and 312 mo. In contrast to Penn et
al[50] it also suggests that the interval can be extremely long. Such a finding not only
confirms the importance of age and duration of immunosuppression as risk factors for
tumour development[59] but also supports long-term US-based screening protocols
after transplantation[49].

It is commonly believed that neoplasms arising in a transplanted kidney are more
aggressive than those originating in the native kidney or in patients not exposed to
immunosuppression  but  significant  differences  in  tumour  growth  dynamics  or
metastatic  behaviours have not  been consistently demonstrated[7].  Like in native
kidneys, renal allograft neoplasms are generally asymptomatic and mostly discovered
at an early stage during routine surveillance imaging studies or diagnostic work up
performed for other reasons[60]. Our analysis focused on small KTx tumours treated by
AT.  The  vast  majority  of  lesions  considered  amenable  to  focal  ablation  were
asymptomatic. It is reasonable to expect that symptomatic lesions may more often
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present at an advanced stage thus limiting therapeutic options[7,61]. This observation
further underlines the importance of periodic US evaluation of the allograft for the
detection of silent KTx neoplasms[60,62].

US scan undoubtedly represents the cornerstone of kidney allograft imaging not
only in the early post-transplant phase but also in the long-term[63]. Cost-effectiveness
of annual US screening remains debated but many centres worldwide perform US
evaluation of the allograft as a part of their routine follow-up. Such a policy allows
detecting  transplant  tumours  at  a  very  early  stage  and  therefore  increases  the
possibility of using conservative treatments like NSS and AT. We found that Doppler-
US and contrast-enhanced US (CEUS) were the preferred first line imaging modalities
for tumour diagnosis[49,55,60].  Lesions with indeterminate characteristics at US were
evaluated  using  CT  scan,  MRI  or  a  combination  of  both,  mostly  with  contrast
enhancement. In patients with suboptimal renal function, Doppler-US and CEUS offer
several advantages as CT scan and MRI may expose the patient to contrast induced
nephropathy or nephrogenic systemic sclerosis. Studies comparing CEUS to contrast-
enhanced  CT  scan  for  the  differentiation  between  benign  and  malignant  renal
tumours have shown encouraging results[64]. In particular, CEUS seems to be superior
to Doppler-US and contrast-enhanced CT scan in case of complicated cystic lesions or
small solid masses[64].

As for any other neoplasms, accurate staging is paramount for proper treatment
planning. Since indication for AT is currently limited to small allograft tumours with
no signs of local invasiveness or metastatic disease (AJCC T1a N0 M0 and T1b N0
M0),  careful  pre-operative  evaluation  is  mandatory.  Overall,  there  is  a  lack  of
information regarding staging work up of renal allograft tumours but our review
showed that lesions were frequently assessed by contrast-enhanced CT scan or a
combination of contrast-enhanced CT scan and MRI with or without contrast dye.

Like tumours arising in the native kidney, renal allograft neoplasms can be benign
or malignant. Four main variants could be identified: Clear cell RCC, papillary RCC,
chromophobe  RCC,  and  oncocytoma.  Clear  cell  type  and  papillary  carcinomas
represent most of the cases. Clear cell type is more often unifocal and aggressive
whereas papillary type is generally indolent and multifocal[20,65]. A disproportionate
number of papillary carcinoma over clear cell carcinoma has been noticed in kidney
allografts compared to native kidneys[33]. In our review papillary type was the most
represented lesion treated with AT. This is an important epidemiological data with
relevant  clinical  implications.  Due to  its  multifocality,  for  many years  papillary
carcinoma  has  been  considered  as  an  indication  for  radical  nephrectomy  or
graftectomy. More recently, positive outcomes obtained with NSS have cautiously
allowed to extend indications for conservative therapeutic options also to patients
with papillary carcinoma[66,67]. We detected several reports in the literature describing
successful ablation of papillary lesions in the renal allograft[18,20,23,25,30,38-41,43,44]. Therefore
our review further supports the use of AT in recipients with papillary carcinoma as
current literature showed similar primary treatment failure, secondary treatment
failure, recurrence, graft survival, and disease-free survival for papillary, clear cell,
and chromophobe RCC.

Pre-operative  histology  is  crucial  for  the  assessment  of  solid  masses  in  the
transplanted kidney as it provides information on tumour type, grading, and origin
thus helping clinicians choose the best  therapy.  Proper characterization of  renal
allograft neoplasms also allows to obtain important epidemiological and clinical data
that may favour the construction of specific tumour registries and the analysis of
specific treatment outcomes. Given the fact that renal allografts are generally located
in the iliac fossa, in the retroperitoneum, and in a relatively superficial position, US-
guided biopsy is considered the procedure of choice[68].

Current treatment of KTx tumours mostly reflects the evolution observed in the
management of neoplasms of the native kidney. Historically, radical nephrectomy
and graftectomy have  been considered the  only  acceptable  options.  Over  years,
improvements  in  surgical  technique  and  peri-operative  care  as  well  as  a  better
understanding of cancer biology and behaviour have progressively favoured the use
of nephron sparing strategies. Current evidence show that for RCC up to 4 cm in
maximal diameter, cancer-specific survival at 5 years is 95%[7,69].  The risk of death
arising from transplantectomy and return to dialysis is much higher with a reported
5-year survival rate of 34%[6]. Therefore, radical nephrectomy and transplantectomy
are now indicated only for malignant lesions with features of advanced local (AJCC
stage III) or metastatic (AJCC stage IV) disease, in case of large masses exceeding 7 cm
(AJCC stage II), for sarcomatoid RCC, for lesions infiltrating the hilum, and in patients
with irreversible kidney failure or a non-functioning allograft.  For the remainder
(mostly AJCC stage I T1a N0 M0), NSS represents the most widely used therapeutic
option. NSS includes several procedures such as enucleation, wedge resection, and
polar resection. After partial nephrectomy, excellent oncological outcomes can be
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achieved with resection margins of 5 mm and for T1a lesions, local recurrence rates of
less than 5% have been reported. The risk of new cancer development in the resected
kidney is also minimal (< 5%)[7] and successful reoperation with allograft salvage in
case of local recurrence or metachronous disease has been described[70].  Given the
technical  difficulty  of  the  procedures  and  the  risk  of  intra-operative  and  post-
operative complications, perfect candidates for NSS are relatively healthy uninephric
or  chronic  kidney  disease  subjects  with  a  small  unifocal  tumour  located  in  a
favourable  position[8].  Such  an  ideal  patient  is  seldom encountered  among KTx
recipients  as  most  of  them  present  with  advanced  age,  complex  comorbidities,
increased risk of infection, and impaired healing response. Decise adhesions from
previous  operation,  short  vascular  pedicles,  and  increased  tissue  fragility  may
represent  a  surgical  challenge  in  case  of  NSS  limiting  the  chances  of  organ
mobilization, vasculature control, and adequate tumour resection[9].

In the last decade, for non-transplant patients with contraindications to general
anaesthesia, high surgical risk, or in a need for maximum renal function preservation,
AT have been increasingly recognized as a valuable alternative to NSS. Compared to
NSS,  focal  ablation  offers  several  advantages:  It  can  be  performed  under  local
anaesthesia, is less invasive, allows to spare more renal parenchyma, does not require
vascular clamping, and has minimal or absent blood loss. Initial experience showed
comparable mid-term oncological outcomes, lower complication rates, and better
preservation  of  renal  function  than  radical  nephrectomy  and  NSS[71].  These
encouraging  results  have  favoured  the  acceptance  of  AT  also  in  the  transplant
community. Moreover, specific characteristics of the renal allograft such as superficial
location and greater susceptibility to ischemia-reperfusion injury in case of vascular
occlusion, make it even more suitable for ablation than the native kidney.

Available AT for the treatment of renal allograft neoplasms are RFA, CA, MWA,
HIFU,  and  IRE.  To  date,  RFA  is  the  most  widely  used  AT  in  both  native  and
transplanted kidney (78% of the procedures included in our review). It utilizes a high
frequency, alternating electrical current to generate heat in the target lesion. The
current is transmitted to the tissues through an electrode with a non-insulated tip.
Cellular and extracellular ions in which the current flows are forced to follow the
same path as the alternating current determining agitation and frictional heating
eventually leading to coagulative necrosis. This procedure is particularly indicated for
small exophytic lesions distant from the hilum[72,73]. CA is the second most frequently
used AT (15% in our analysis) and basically utilizes argon gas to freeze and damage
the tumour. Cooled and thermally conductive fluids are transmitted to the lesion via
hollow needles. Once the probes are in place, a cryogenic freezing unit removes heat
from  the  target  causing  ice  crystal  formation,  membrane  disruption,  cell  lysis,
apoptosis,  and ischemic necrosis  due to  intravascular  coagulation.  A theoretical
advantage  of  CA  over  other  AT  is  the  greater  selectiveness  and  therefore  the
possibility to safely treat parenchymal lesions located in critical areas of the organ[73].
Overall experience with MWA in kidney allografts is limited (3% of the cases). It is a
thermal  ablation  modality  using  microwaves  to  generate  oscillation  of  polar
molecules within the target tissues with subsequent frictional heating and coagulative
necrosis. Since multiple applicators can be utilized simultaneously, MWA allows to
treat larger lesions compared to other AT and also to ablate several masses during the
same procedure[73]. HIFU represents another thermal ablation modality more recently
introduced in clinical practice. Available reports in KTx neoplasms are still scarce (3%
of  the  procedures)  but  results  in  native  kidneys  are  promising[74].  This  AT uses
multiple US beams converging into a focus to produce inertial  cavitation,  micro
streaming, and radiation forces eventually causing localized heating and coagulative
necrosis. HIFU does not require needles or probes and as such represents the least
invasive technique currently available. It is also extremely selective with an excellent
safety  profile.  The  need  for  adequate  acoustic  windows to  successfully  operate
remains the major limitation of the technique. Nevertheless, such an issue may be
more theoretical than practical in the case of renal allograft lesions as transplanted
kidneys are almost always in a superficial  plane, relatively distant from sensible
organs, and not surrounded by adipose tissue[75,76]. IRE is a non-thermal AT utilizing
electrical  pulses  to  generate  nanopores  in  the  cell  membrane  thus  leading  to
irreversible disruption of cell homeostasis and apoptosis[77]. Only one report could be
identified in the transplant setting (1%).

As previously mentioned, in our review, papillary RCC was the most frequent
neoplasms  treated  by  AT.  The  outcomes  were  overall  similar  for  patients  with
different tumour types. The vast majority of these lesions were less than 4 cm in
maximal  diameter  and staged T1a N0 M0.  It  is  worth noticing that  among the 2
tumours exceeding 4 cm (T1b N0 M0), one could not be successfully treated by AT
and required  partial  nephrectomy to  achieve  complete  removal.  Available  data
showed that  neoplasms  were  mostly  Fuhrman grade  I  or  II  but  information  on
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grading score were overall insufficient for proper inferential analysis. Multifocality
and  unifocality  were  also  seldom  reported.  Most  lesions  treated  were  actually
endophytic. This is particularly interesting because focal ablation has been more often
restricted to exophytic masses. One of the arguments in favour of AT over radical
nephrectomy and NSS is that it is less invasive. Almost all the procedures included in
our review were performed using a percutaneous approach. Moreover, patients were
mostly treated under local anaesthesia, there were no intra-operative complications,
and hospital stay was mostly less than 3 d. Post-operative complication rate was also
reassuring with only 2 cases requiring further surgical intervention. Allograft function
was preserved in the vast majority of the patients. These results show that AT is safely
offered to elderly and frail transplant recipients who may not be suitable for more
demanding surgical  procedures.  It  can also offer  a  valuable alternative to active
surveillance in carefully selected candidates[71]. We found that preferred guidance
modalities were Doppler-US and CEUS. CEUS has been increasingly recognized as
the technique of choice for percutaneous interventional procedures. It can be easily
utilized for diagnostic, guidance, and follow-up purposes. There is no exposure to
ionizing radiations and particularly in patients with impaired renal function, it has
also the advantage of avoiding the administration of toxic contrast agents[64]. Overall,
in our review AT was effective and safe. Only 3 primary treatment failures were
reported with a single episode of local recurrence. Persisting and relapsing tumours
could be all treated with further AT or NSS with excellent oncological outcomes and
preservation of allograft function. No cancer-related deaths were observed. Whilst
limited by the lack of long-term follow-up these reports are encouraging and suggest
that AT can be considered a valuable alternative to radical nephrectomy and NSS not
only for critically ill patients but also for the majority of the recipients with a renal
allograft neoplasms staged T1a N0 M0. Comparison with NSS supports this point of
view. After partial graftectomy, an overall recurrence rate as high as 9% has been
reported  with  higher  rates  of  severe  post-operative  complications  and allograft
dysfunction (15%)[7-9,55].

Despite  the  numerous  advantages,  AT  has  some  limitations.  First  of  all,
percutaneous procedures do not allow to obtain definitive histological diagnosis and
staging of the lesion treated. There is also the possibility that pre-operative imaging
and ablation itself  may miss very small  satellite lesions or multifocal neoplasms.
Finally, which is the optimal strategy for the assessment of complete tumour ablation
and the detection of local recurrence remains debated[78]. In our review, follow-up
modalities were very heterogeneous among transplant centres. In most cases, multiple
imaging techniques such as US, CT scan, and MRI were used. Such an observation
confirms the difficulty in discriminating between necrosis, vital parenchyma, and
neoplastic tissue and underlines the importance of strict and diligent surveillance
strategies after AT. Especially in difficult cases, protocol ablation site biopsy may help
rule out the presence of residual tumours or local recurrences and prompt timely and
effective treatment[23].

Details on post-ablation immunosuppression were not routinely reported in the
studies included in our review. To date, there is no consensus regarding the best
immunosuppressive strategy for cancer prevention and control after KTx. In case of
tumours amenable of NSS or AT, the use of a proliferation signal inhibitor such as
sirolimus or everolimus may be considered but evidence are still limited[79-81].

To the best of our knowledge, this is the first  systematic review on AT for the
treatment of renal allograft neoplasms. All principal focal ablation techniques were
explored describing treatment-specific and overall outcomes. The main limitation of
the review is the impossibility to perform any sort of meta-analysis due to the small
case series considered with heterogeneous patients. Nevertheless, our work offers a
comprehensive  and updated reference  which  may provide  the  basis  for  further
studies and help clinicians counselling their patients. In order to improve the quality
of  further  research,  systematic  use  of  proper  ablation  terminology  and  current
reporting standards is recommended[82-84]. As suggested by Su et al[37], patients and
neoplasms should be also stratified according to the R.E.N.A.L. nephrometry scoring
system,  probably  the  most  appropriate  tool  to  describe  tumours  arising  in  the
transplanted kidney[85].

Results of AT are overall encouraging but long-term follow-up data remain limited.
AT is generally offered to all transplant recipients with benign neoplasms or AJCC
stage  I  T1a  N0  M0  RCC  of  the  kidney  allograft  who  are  not  suitable  for  more
aggressive and demanding surgical  treatments.  The inability to obtain definitive
histological  diagnosis represents the main limitation of AT. Therefore,  strict  and
diligent follow-up strategies are mandatory. All the AT modalities currently available
can be considered a valuable option but tailored treatment may help achieve the best
outcomes. Properly designed prospective randomized clinical trials are needed.
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ARTICLE HIGHLIGHTS
Research background
Kidney allograft tumours represent a challenging complication of renal transplantation. Optimal
treatment should ensure adequate oncological results while preserving as much renal function as
possible. For many years, graftectomy has been considered the gold standard. In the last decade,
improved surgical techniques and technological advances have favoured the use of nephron-
sparing alternatives such as partial nephrectomy and focal ablation. Preliminary reports on
ablation  treatment  of  solid  masses  of  the  kidney  allograft  have  shown promising  results.
However, solid evidence supporting widespread application of ablation therapy are lacking and
there is still concern in the transplant community regarding efficacy and safety in the long term.
To date, no guideline, meta-analysis or systematic review on the topic have been published.

Research motivation
The  rarity  of  the  disease  and  the  multiple  options  available  (radiofrequency  ablation,
cryoablation,  microwave  ablation,  high-intensity  focused  ultrasound,  and  irreversible
electroporation) make it extremely difficult to assess results of ablation therapy for the treatment
of kidney allograft neoplasms. A better insight into this complex topic would help clinicians
choose the best treatment and provide the basis for further research.

Research objectives
We performed a systematic review of ablation therapy for the treatment of solid neoplasms of
the transplanted kidney. All major ablation techniques were considered. Overall and treatment-
specific outcomes were extensively reported in order to offer a comprahensive overview on
currently availbale data and remark the need for properly designed clinical trials.

Research methods
We conducted a systematic  review according to the PRISMA 2009 Checklist.  PubMed was
extensively searched in March 2019 for any papers reporting on ablation therapy of kidney
allograft neoplasms. Only English manuscripts were considered. No time limits were applied.
Multiple key word combinations were used. Duplicate articles were removed. Remainder were
screened out reading titles and abstracts. Manuscripts potentially describing cases of ablation of
kidney allograft tumours were assessed in full text. Only original studies reporting on actual
cases of ablative treatment of neoplasms in the transplanted kidney were included. Additional
search of reference lists was performed. Selected studies were also assessed for methodological
quality using a tool based on a modification of the Newcastle Ottawa scale. Data were extracted
and transferred to a dedicated database for analysis purpose. Given the nature of the studies and
the large heterogeneity of the patients included, we decided not to meta-analyze data. To the
best of our knowledge, this is the first systematic review on the topic.

Research results
Preliminary search identified 133206 articles. After duplicate were removed (n = 87755), a pool of
45451 manuscripts remained for further evaluation. Reviewing articles by title and abstract, 110
full text papers were selected. Articles not reporting on original cases of ablation of kidney
allograft tumours were excluded (n = 82). No additional cases were found through references
lists.  At  the  end  of  the  process,  28  studies  were  included  in  the  systematic  review:  12
retrospective case reports, 13 single-centre retrospective non-comparative case series, 2 multi-
centre retrospective non-comparative case series, and 1 multi-centre retrospective comparative
study. In total, 100 kidney transplant neoplasms in 92 recipients were treated by 100 ablation
procedures: 78 radiofrequency ablation, 15 cryoablation, 3 microwave ablation, 3 high-intensity
focused ultrasound, and 1 irreversible electroporation. According to our review, incidence of
renal allograft neoplasms is approximately 0.2%. Recipient age at the time of tumour diagnosis
ranged from 21 to 71 years whereas time between transplant and diagnosis ranged from 0.1 to
312 mo. Most represented lesions were papillary and clear cell renal cell carcinomas. Considered
neoplasms were more often endophytic with a maximal tumour diameter ranging from 5 to 55
mm.  The  vast  majority  were  asymptomatic  masses  staged  T1a  N0  M0.  Ablation  was
predominantly  performed  using  a  percutaneous  route  under  ultrasound  or  computed
tomography guidance. Overall, retrieved reports showed that ablation therapy was effective
with only 3 episodes of primary tratment failures and 1 episode of local recurrence. Safety was
also satisfactory. There were no intra-operative complications or cancer-related deaths. Post-
operative complications were rare and allograft function was preserved in most of the recipients.
Follow-up range was 1-81 mo.

Research conclusions
Our systematic review, shows that ablation therapy has been increasingly used as an effective
and safe alternative to graftectomy and nephron-sparing surgery in carefully selected recipients
with kidney allograft neoplasms. In particular, ablation was successfully offered to all patients
with benign tumours or with T1a N0 M0 malignant lesions not suitable for more demanding
surgical  procedures.  Main  advantages  of  ablation  therapy  were  easy  feasibility,  mini-
invasiveness,  short  intra-operative  time,  reduced  risk  of  bleeding,  low  post-operative
complication rate, preserved allograft function, and short hospital stay. The inability to obtain
definitive histological diagnosis and the difficult follow-up represented the main limitations of
ablation therapy.

Research perspectives
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Overall results of ablation therapy are encouraging but there is still a lack of long-term efficacy
and safety data. Current evidence do not allow to safely extend indications to more advanced
cancer  stages.  Radiofrequency ablation is  the  most  widely used ablative  modality.  Proper
comparison between different ablation therapies is limited by the small experience gained with
cryoablation,  microwave  ablation,  high-intensity  focused  ultrasound,  and  irreversible
electroporation. In theory, tailored treatments might help achieve the best outcomes. Properly
designed multi-centre prospective randomized clinical trials are needed.
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