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	 Background:	 The treatment of complex tumors in non-functioning renal transplants requiring surgical extirpation is chal-
lenging. Here, we report the largest series of patients who underwent transplant radical nephrectomy for re-
nal cell carcinoma (RCC) and transplant radical nephroureterectomy for urothelial cell carcinoma (UCC) in their 
transplanted kidneys.

	 Material/Methods:	 From 2004 to 2018, 10 patients underwent transplant radical nephrectomy (7 patients) and nephroureterec-
tomy (3 patients). Retrospective analyses, in terms of complications, oncological recurrence, and survival, of 
peri-operative and long-term outcomes, were performed.

	 Results:	 Out of the 10 patients, 7 had RCC and 3 had UCC. No intraoperative mortality occurred. Three patients present-
ed with Clavien-Dindo grade IIIa or greater within 30 days of surgery. Two patients died within 60 days of sur-
gery, both due to vascular events: one due to myocardial infarction and one due to stroke. Two other patients 
died: one after 2.9 years, due to myocardial infarction, and the other after 6 years, due to unknown reasons. 
At the 7-year follow-up, there was a 60% overall survival rate. For all patients, average survival post-nephrec-
tomy was approximately 4.5 years, including the 6 living patients and 4 deceased patients. Importantly, there 
was no observed cancer recurrence.

	 Conclusions:	 This study reports outcomes of the largest series of transplant radical nephrectomy and nephroureterectomy 
for malignancies of renal allografts. In the optimized setting, extirpative surgeries appear safe, with favorable 
long-term oncological and survival outcomes.
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Background

Genitourinary cancers account for approximately 15% of all tu-
mors in transplant recipients, and a large portion of these cas-
es are renal cancers [1,2]. Pathologically, the majority of renal 
cancers are renal cell carcinomas (RCC), followed by urotheli-
al cell carcinomas (UCC). Transplant recipients have a 100-fold 
increased risk of developing RCC compared to the general pop-
ulation [1]. Development of RCC is more common in the na-
tive kidney compared to the allografts [2–7]. UCC arises from 
the urothelium of the collecting system and can be seen in the 
kidney (minor and major calyxes and renal pelvis), ureter, or 
both [8–10]. For UCC tumors, transplant radical nephroureter-
ectomy, and for RCC tumors, transplant radical nephrectomy, 
are considered the standards of care for patients with failed 
allografts on dialysis or patients who are not candidates for 
nephron-sparing surgery. Despite the clinical relevance, there 
is scant data on short-term and long-term outcomes of trans-
plant radical nephrectomy and nephroureterectomy. Many 
surgeons consider the surgeries challenging and even ques-
tion whether the procedures are safe in immunosuppressed 
patients. Here, we report the outcomes of transplant radical 
nephrectomy and nephroureterectomy in our cohort of post-
transplant patients with allograft cancer.

Material and Methods

Study design and participants

This study retrospectively evaluated a case series of patients 
who underwent transplant radical nephrectomy and nephro-
ureterectomy for malignancy of their renal allograft between 
2004 and 2018. Patient data were collected using a combina-
tion of Institution Kidney Cancer Database, Natural Language 
search of electronic charts, and Social Security Death Index 
(SSDI). Inclusion criteria consisted of patients at our institution 
who underwent transplant radical nephrectomy and nephro-
ureterectomy for kidney cancer. The surgery was performed in 
patients who met one or more of the following criteria: (i) di-
alysis at time of cancer diagnosis, (ii) tumor size and location 
that precluded partial nephrectomy, (iii) presence of multifo-
cal disease on renal allograft, or (iv) urothelial cell carcinoma 
arising from the collecting system of the transplanted kidney. 
Exclusion criteria consisted of patients undergoing surgeries 
for non-oncological purposes. The Institutional Review Board 
(IRB) at our institution approved this study.

Patient data

The following clinical and demographic variables were col-
lected: race, sex, age of donor, donor type, age of patient at 
time of surgery, time from transplantation until diagnosis of 

malignancy, end-stage renal disease (ESRD) as the primary di-
agnosis, and tumor characteristics (pathological findings, tumor 
size, stage, type, presence of multifocality and grade). History 
of prior transplants, multi-organ transplantations, hyperten-
sion, smoking, and obesity were also recorded. Intraoperative 
variables included the following: surgery duration, blood loss, 
length of stay, and postoperative complications per Clavien-
Dindo Classification protocol [11,12].

Diagnosis and treatment

Each tumor was identified with various radiographic tech-
niques: ultrasound, computed tomography (CT) and/or mag-
netic resonance imaging (MRI) followed by confirmation by 
CT-guided biopsy or endoscopic biopsy via ureteroscopy for 
urothelial carcinomas. None of the patients had radiographic 
evidence of metastasis. Image-guided biopsy is not routinely 
required for kidney cancer diagnosis in native kidneys. Renal 
biopsy, historically, did not gain much attention due to concern 
for biopsy tract seeding. However, recent studies have shown 
that with evolved techniques, this risk is no longer a concern. 
Therefore, whenever the diagnosis is not clear, a biopsy might 
provide additional information to both the clinician and the 
patient. In cases of tumors in a transplanted kidney, a preop-
erative biopsy can confirm the diagnosis before proceeding 
with a potentially complex surgical procedure.

Prior to surgery, patients received preoperative cardiology clear-
ance if deemed necessary by the surgeon. All surgeries were 
performed as a multidisciplinary surgical collaboration between 
the transplant surgery and urology services.

Surgical technique

Transplant radical nephrectomy was undertaken through a 
longitudinal midline or Gibson incision. The allografts were 
exposed via a trans-peritoneal approach, allowing for visu-
alization and access to the external iliac vein and artery. The 
posterior peritoneum overlying the great vessels was opened, 
and the vena cava and aorta were identified for proximal vas-
cular control, as were the distal iliac vessels. The transplant re-
nal unit was reflected medially from the sidewall, along with 
all of the surrounding fibrofatty tissue. Importantly, intraop-
erative ultrasonography with Doppler was performed to trace 
the position of the vessels. Using Doppler ultrasonography is 
extremely helpful in these cases, as the desmoplastic reaction 
after transplant often precludes direct vessel visualization.

The superior aspect of the kidney was dissected off the psoas 
muscle and the perinephric fat removed. The peritoneum was 
incised down to the level of the bladder, and that allowed for 
medial mobilization. The lower pole of the kidney was reflected 
upwards, allowing for inferior exposure of the iliac vessels, and 
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the vessels were traced to the renal pedicle. Care was taken to 
differentiate the blood supply to the lower extremity from the 
renal pedicle. The absence of normal anatomic planes made 
differentiating the blood supply the most challenging com-
ponent of the transplant nephrectomy. The hilum was divid-
ed with an endovascular stapler. In the 3 patients with UCC, 
in addition to performing transplant radical nephrectomy, the 
entire ureter and bladder cuff were also removed.

Outcomes of interest

The primary outcome of interest was overall survival, defined 
as the time from the date of surgery to the date of last fol-
low-up or death. A Kaplan-Meier plot was generated to eval-
uate overall survival of patients over a 7-year follow-up pe-
riod. Secondary outcomes were postoperative complications 
using the Clavien-Dindo criteria [11], length of stay (LOS), and 
30-day hospital readmissions. Data were collected from med-
ical records, Social Security National Index (SSNDI), and fol-
low-up phone calls.

Results

Patient characteristics

Between 2004 and 2018, at our institution, 10 patients under-
went transplant radical nephrectomy and nephroureterecto-
my for kidney cancer. Seven out of the 10 patients were male, 
with average age of 54.6 years (range, 44 to 63). Patient char-
acteristics are presented in Table 1. The most common cause 
of ESRD requiring transplantation was glomerulonephritis. All 
10 patients had a history of hypertension, and 5 patients had 
a history of smoking. Three patients had a previously failed 
renal transplant. The mean number of years from the time of 
kidney transplant to surgery was 15 years, ranging from 8 to 
25 years (Table 2).

All patients had received immunosuppression with a calcineu-
rin-inhibitor-based regimen. Seven of the 10 patients (70%) 
were on dialysis at the time of cancer diagnosis. All 10 patients 
were placed on hemodialysis after transplant radical nephrec-
tomy; one patient subsequently underwent peritoneal catheter 
placement. Seven out of 10 patients (70%) were symptomatic, 
with the most common chief complaint of painless gross he-
maturia. In the preoperative setting, MRI was the most com-
mon form of imaging utilized to detect the tumor.

Intraoperative outcomes

Intra- and postoperative data are displayed in Table 3. The 
average surgery duration and mean blood loss of all our pa-
tients who either underwent transplant radical nephrectomy 

or nephrouretectomy was 165 min and 460 mL, respective-
ly. One patient (Case 4) had intraoperative surgical complica-
tions of the external iliac artery and vein requiring repair by 
vascular surgery, which resulted in 336 min of operative time 
and 700 mL of blood loss. The average surgery duration and 
mean blood loss for other patients (excluding Case 4) was 126 
min and 183 mL, respectively.

Age, mean (years) at time of nephrectomy 54.6 years

Sex, Male 7/10 cases

Race, white 9/10 cases

Comorbidities

	 Hypertension 10/10 cases

	 Smoking 5/10 cases

	 Obesity 3/10 cases

Cause of renal disease

	 Diabetes 2/10 cases

	 Chronic glomerulonephritis 4/10 cases

	 Membranous glomerulonephritis 1/10 cases

	 IgA nephropathy 2/10 cases

	 Vesicoureteral reflux 1/10 cases

Type of renal cancer

	 RCC 5/10 cases

	 ACDAC 2/10 cases

	 UCC 3/10 cases

Tumor stage

	 pT1 1/10 cases

	 pT1a 2/10 cases

	 pT1b 5/10 cases

	 pT2 1/10 cases

	 pT3 1/10 cases

Tumor grade

	 Low-grade RCC 5/10 cases

	 High-grade RCC 2/10 cases

	 High-grade UCC 3/10 cases

Mean tumor size (cm)

	 RCC 3.7 (0.8–6.6)

	 UCC 2.2 (1.0–3.7)

Dialysis at time of cancer diagnosis 7/10 cases

Presence of Multifocal disease 5/10 cases

Table 1. Patient characteristics cohort demographic.

RCC – renal cell carcinoma; UCC – urothelial cell carcinoma; 
IgA – immunoglobulin A; ACDAC – Acquired Cystic Kidney 
Disease Associated Carcinoma.
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For the 3 patients who underwent transplant radical nephro-
ureterectomy for UCC, operative time (and blood loss) was 150 
min in Case 9 (800 mL), 173 min in Case 3 (500 mL), and 336 
min in Case 1 (700 mL). The patient in Case 1 underwent bilat-
eral native nephroureterectomy, cystoprostatectomy, and retro-
peritoneal lymph node dissection in addition to the transplant 
radical nephroureterectomy, with intraoperative complica-
tions requiring a general surgical consult for splenic injury. 
Furthermore, this patient was admitted to the intensive care 
unit (ICU) and subsequently died at 35 days after surgery. Of 
note, the patient in Case 1 had high-grade papillary UCC with 
invasion to the lamina propria of the bladder and no invasion 
into the muscularis with chromosomal analysis, indicating the 
transplanted kidney as the source. Therefore, it was decided 
to perform a transplant radical nephrectomy in addition to a 
cystoprostatectomy. The patient had non-functioning bilater-
al native kidneys that were still producing urine. Thus, it was 
decided to remove the bilateral native kidneys as opposed to 
performing urinary diversion.

Postoperative outcomes

Mean length of stay for all the patients was 6 days. Three pa-
tients presented with Clavien-Dindo grade IIIa or greater with-
in 30 days of surgery. One patient had hospital readmission 
within 30 days of surgery. To date, all living patients are with-
out evidence of kidney cancer recurrence, confirmed by regu-
lar cross-sectional imaging follow-up. Profiles of each patient 
are provided in Table 3.

On surgical specimen pathology, 5 patients had papillary RCC, 
3 patients had UCC, and 2 patients had Acquired Cystic Kidney 
Disease Associated Carcinoma (ACDAC) (Figure 1). All 3 UCC 
patients had high-grade and invasive disease. While the loca-
tion of the UCC tumors was frequently at the ureteral neocys-
totomy site, the locations of the RCC tumors varied. Nine of 
the 10 patients (90%) had tumors confined to the organ, and 
multifocal tumors were present in 5 patients. Tumor charac-
teristics are presented in Table 4.

 Case #
Patient 

sex
Cause of 

renal disease

History 
of prior 

transplant

Immuno- 
suppression

Donor age 
(type)

Date of 
transplant

Date of 
surgery

Transplant 
to surgery 

(years)

Dialysis prior to 
surgery

Case 1 M GN No
Tacrolimus, 
prednisone

37 (DD) 2001 2009 8 Yes

Case 2 F VUR Yes
Tacrolimus, 
prednisone

38 (LR) 1989 2013 24 Yes

Case 3 F GN No
Tacrolimus, 

steroids, MMF
40 (LUR) 2001 2012 11

No/GFR 
14 mL/min/1.73 m2

Case 4 F GN No
Cyclosporine, 
prednisone

30 (DD) 1993 2008 15
No/GFR 

29 mL/min/1.73 m2

Case 5 M
IgA 

Nephropathy
Yes

Tacrolimus, 
prednisone, 

MMF
30 (DD) 2001 2012 11 Yes

Case 6 M GN Yes
Tacrolimus, 
prednisone, 

MMF
54 (DD) 2002 2012 10 Yes

Case 7 M GN No
Cyclosporine, 
prednisone

18 (DD) 1992 2004 12
No/GFR 

37 mL/min/1.73 m2

Case 8 M DM Type 1 No
Cyclosporine, 
prednisone

31 (LR) 1993 2011 18 Yes

Case 9 M DM Type 1 No
Tacrolimus, 
prednisone

46 (DD) 2000 2016 16 Yes

Case 10 M
IgA 

Nephropathy
No

Cyclosporine, 
prednisone

N/A (DD) 1992 2018 25 Yes

Table 2. Transplant characteristics.

M – Male; F  – Female; GN – glomerular nephritis; VUR – vesicoureteral reflux; IgA – immunoglobulin A; DM – diabetes mellitus; 
MMF – mycophenolate mofetil; DD – deceased donor; LR – living related; LUR – living unrelated; N/A – not available.
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Survival outcomes

A Kaplan-Meier curve in Figure 2 represents the overall sur-
vival of all patients. Long-term survival was determined, and 
a 7-year follow-up was available for all patients, with the 

exception of 2 patients (Cases 1 and 10) who died within 60 
days. At the 7-year follow-up, there was a 60% overall sur-
vival rate. Overall survival was approximately 4.5 years, in-
cluding 6 living patients and the 4 deceased patients. With 
the exception of the 2 patients who died within 60 days, the 

 Case #
Year of 
surgery

Procedures EBL (mL)
Surgery 
duration 
(minutes)

LOS (days)
Postoperative
Complication

Alive or 
Deceased

Overall survival 
(years) 

Case 1 2009 Multiple* 700 336 4 None Deceased 0.1**

Case 2 2013 TRN <50 36 2 None Alive 5.2

Case 3 2012 TRNU 500 173 5 None Alive 6.3

Case 4 2008 Multiple* 1500 234 9 IV-ICU Alive 10.3

Case 5 2012 Multiple* 100 181 10 IV-ICU Deceased 2.9

Case 6 2012 TRN 400 156 13 IV-ICU Alive 5.9

Case 7 2004 TRN <50 134 6 None Deceased 6.1

Case 8 2011 TRN 400 136 3 None Alive 6.7

Case 9 2016 Multiple* 800 150 6 None Alive 1.9

Case 10 2018 TRN 100 110 2 None Deceased 0.13***

Table 3. Intra- and postoperative characteristics.

* Cases with multiple procedures: Case 1: TRNU, bilateral native nephroureterectomy, cystoprostatectomy and retroperitoneal lymph 
node dissection; Case 4: TRN, excision of retroperitoneal mass, venotomy and arteriotomy repair; Case 5: TRN, laparoscopic simple 
nephrectomy of unilateral native kidney; Case 9: TRNU, left pelvic lymph node dissection. ** Case 1 died at 35 days post-operatively; 
*** case 2 died at 49 days post-operatively. TRN – transplant radical nephrectomy; TRNU – transplant radical nephrouretectomy; 
EBL – estimated blood loss; LOS – length of stay; IV-ICU – Clavien-Dindo grade 4-Intensive Care Unit.

A B C

Figure 1. �Preoperative imaging of Case 2 with acquired cystic disease-associated RCC and gross specimen. (A) CT abdomen and pelvis 
from 3 years prior to transplant radical nephrectomy showing a cyst in the right transplant renal unit. (B) Preoperative MRI in 
2013, renal mass in transplant unit marked by arrow. (C) Gross specimen from Case 2.
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remaining 8 patients survived at least 5.6 years after nephrec-
tomy. Despite the death of 2 additional patients in the 7-year 
follow-up period, there are 6 patients still alive, with an aver-
age survival of 6.1 years. None of those 6 patients have expe-
rienced recurrence of disease.

Deceased patients

Among the 4 deceased patients, the average survival was 2.3 
years. All deceased patients were white males and recipients 
of deceased donor (DD) allografts, with an average age of 53.8 
years at the time of surgery. On final pathology, 3 of the 4 de-
ceased patients had multifocal disease.

Case 1: A 37-year-old man received a kidney from a 37-year-
old DD donor. Eight years after transplantation, the recipient 
underwent bilateral native nephroureterectomy, cystoprosta-
tectomy, and retroperitoneal lymph node dissection, in addi-
tion to the transplant radical nephroureterectomy for high-
grade papillary UCC with invasion to the lamina propria of the 
bladder and no invasion into the muscularis UCC. Despite the 
complicated surgery, he had an unremarkable initial postoper-
ative course. However, 35 days after surgery, he experienced 
a myocardial infarction, resulting in his death.

Case 5: A 35-year-old man with ESRD secondary to immuno-
globulin A (IgA) nephropathy received a kidney from a 30-year-
old DD donor. The recipient underwent a laparoscopic nephrec-
tomy of his right native kidney, as well as a left transplant 
radical nephrectomy of his allograft 11 years after transplan-
tation, due to multifocal papillary RCC. He presented with mul-
tiple postoperative complications, including acute blood loss 
anemia, admission to the ICU for pneumonia, and Clostridium 
difficile colitis. Furthermore, this patient had multiple 30-day, 
90-day, and 1-year readmissions, with subsequent death at 
2.9 years after nephrectomy, due to a myocardial infarction.

Case 7: A 51-year-old man received a transplant from an 
18-year-old DD. The recipient underwent transplant radical 
nephrectomy 12 years after transplantation, due to papil-
lary RCC, and died 6.1 years after nephrectomy. The cause of 
death was unknown.

Case 10: A 63-year-old man received a renal transplant from 
a DD in 1992. The recipient underwent transplant radical ne-
phrectomy 25 years after transplantation, because of ACDAC, 
and died within 49 days after nephrectomy because of stroke.

Case # Tumor type Tumor size (cm) Tumor stage Grade Multifocal (MF)

Case 1 UCC 1 T2 High MF

Case 2 Cystic RCC (ACDAC) 4.2 T1b High MF

Case 3 UCC 1.9 T1b High –

Case 4 RCC papillary 6.6 T1b High –

Case 5 RCC papillary 5 T1b Low MF

Case 6 RCC papillary 5 T1b Low –

Case 7 RCC papillary 3 T1a High MF

Case 8 RCC papillary 1.5 T1 Low MF

Case 9 UCC 3.7 T3 High –

Case 10 Cystic RCC (ACDAC) 0.8 T1a Low –

Table 4. Tumor characteristics.

RCC – renal cell carcinoma; UCC – urothelial cell carcinoma; ACDAC – Acquired Cystic Kidney Disease Associated Carcinoma; 
MF – multifocal.
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Figure 2. �Overall survival among transplant radical nephrectomy 
and nephroureterectomy patients. (+) Censored 
defined as lost to follow-up or death. Overall Survival 
(OS) time defined as follow-up period of 7 years with 4 
patient deaths.
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First 
Author

No. of transplant 
recipients

No. with allograft 
cancer
(n,%)

Total treated by 
TRN (n)

Age at tumor 
diagnosis; sex

Primary kidney 
disease (n)

Average time 
from transplant to 
diagnosis (years)

Case series

Guleryuz* [14] 46,145 116 (0.25%) 30 51.4 (mean); N/A N/A 8.83

Tillou* [19] 41, 806 79 (0.19%) 38 N/A N/A N/A

Troxell [17] 4,200 12 (0.29%) 5
48.5;  3 M, 1 F N/A 16

9; M N/A 9

Su [20] 1,241 4 (0.32%) 1 28; F ADMCD 0.75

Vegso [21] 3,530 9 (0.25%) 4 45.3 (mean); N/A N/A 10.97

Swords [15] 804 4 (0.50%) 2 51 (mean); 2 M
FSG, diabetic 
nephropathy

16

Ploussard [33] 2,396 17 (0.71%) 4
51.8

(mean); 2 M, 2 F
IN (2); PCKD (1); 

Unknown (1)
9.3

Leveridge [35] 3,568 71 (1.99%) 8 48.2 (mean) N/A 12.1

Barama [5] 1,073 5 (0.47%) 1 43; F
Diabetic 

nephropathy
11

Table 5. Literature review of renal allograft RCC treated by transplant radical nephrectomy.

First 
Author

Presenting 
symptoms or 

incidental finding 
(n)

Tumor size (cm)** 
& histological 

variant (n)

Tumor location 
(n)

Functionality of renal 
allograft at presentation (n)

Clinica 
follow-up

Case series

Guleryuz* [14]
Presenting 

symptoms (6)

0.1–1.0
(range), clear cell 

(19)
N/A

Only functional kidneys were 
included in this study. UCC 

was excluded.

24 mo (IQR 4.1–76.6); 
hematoma (2); deceased (3)

Tillou* [19]
Incidental finding 

(30)
N/A N/A Functional (23)

45.4 mo (mean) 
(IQR 0.7–164.2)

Troxell [17]

N/A
1.6–5.0 (range);  

Papillary clear cell 
(3)

N/A Non-functional
12-84 mo (range);  

alive (3); deceased (1)

N/A
2.3; Biphasic 

papillary
N/A

Partial nephrectomy failure 
at 4 months prompted an 

allograft nephrectomy
Alive- 96 mo

Su [20]
New onset 
hematuria

4.0×6.0,
Clear cell RCC

Mid to lower 
pole

Functional  
(Cr of 1.81 mg/dL)

Alive- 98 mo

Vegso [21] N/A

Swords [15] Incidental (1)
1.5–2.3 (range);

Papillary RCC Type 
1 (2)

N/A Non-functional Alive- 24 mo

Ploussard [33] N/A
1.0–5.0 (range); 

Papillary RCC (2); 
Clear cell RCC (2)

Medio-renal 
(1), Lower pole 
(2); Med/lower 

pole (1)

Unspecified (4) Alive- 28–96 mo (4)

Leveridge [35] N/A
Papillary (5); Clear 

cell (3)
N/A N/A

Alive- 3.6 years (7); 
deceased (1)

Barama [5] Incidental 
2.5×3.4 

unspecified RCC
Upper pole

Functional 
(Cr of 2.03 mg/dL)

Alive- 6 mo

e925865-7

Nabavizadeh R. et al.: 
Transplant radical nephrectomy and transplant radical nephroureterectomy…
© Ann Transplant, 2020; 25: e925865

ORIGINAL PAPER

Indexed in:  [Science Citation Index Expanded]  [Index Medicus/MEDLINE] 
[Chemical Abstracts]  [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Living patients

Two living patients had complications greater than Clavien-
Dindo grade IIIa. Case 4 had an intraoperative external iliac 
artery and a vein injury that required transfusion and ICU care 
in the postoperative period. Case 6 was noted to have a non-
ST elevation myocardial infarction (NSTEMI) and multilobar 
pneumonia on postoperative day 4. Among the 6 living pa-
tients, there was no evidence of recurrence of kidney cancer 
at the average follow-up of 6.1 years (range, 1.9 to 10.3 years).

Discussion

Despite the possible benefits expected from routine non-onco-
logic transplant nephrectomy, routine excision is not the stan-
dard, because it is a technically demanding procedure [13,14]. 
Even without the presence of malignancy, transplant radical ne-
phrectomy of a failed allograft is associated with improvement 
in hematological, biochemical, and clinical parameters, such 
as erythropoietin (EPO) resistance index, serum levels of albu-
min, prealbumin, ferritin, fibrinogen, c-reactive protein (CRP), 
and erythrocyte sedimentation rate (ESR) [15,16]. Studies have 
shown that the removal of the patient’s transplanted kidney 
at the time the patient has progressed to requiring dialysis is 

independently associated with increased survival [17,18]. An 
important consideration is that the removal of the transplant-
ed kidney can be detrimental to the outcome of subsequent 
transplantations, by virtue of the increased level of antibodies 
to mismatched antigens, increased rate of primary non-func-
tion, and delayed graft function [15,19]. Many of the studies 
reporting these outcomes were retrospective. Moreover, with 
univariate analysis of small numbers of patients, conclusions 
drawn from such studies should be made with caution.

Additionally, these concerns are not clinically relevant in the 
case of renal allograft malignancies because those patients 
nevertheless would not be candidates for subsequent trans-
plantation without transplant radical nephrectomy or nephro-
uretectomy. Systemic therapies are often more challenging for 
malignancies of renal allograft compared to kidney cancers in 
native functioning kidneys, and often are not ideal treatment 
options [16]. Extirpative surgery for malignancies of the renal 
allograft can benefit these patients in various ways by remov-
ing both the malignancy and the failed allograft.

Immunomodulation and immunosuppression induced to al-
low viability of the renal allograft can provide a more fa-
vorable niche for the malignant cells to emerge and thrive 
[2,10,20,21]. In renal transplant patients, allograft malignancies 

Table 5 continued. Literature review of renal allograft RCC treated by transplant radical nephrectomy.

mo – months; UTUC – upper tract urothelial cancer; RCC – renal cell carcinoma; Cr – creatinine; US – ultrasound; CT – computerized 
tomography; MRI – magnetic resonance imaging; N/A – not available; IN – interstitial nephropathy; ADMCD – autosomal dominant 
medullary cystic disease; PCKD – polycystic kidney disease; FSG – focal segmental glomerulosclerosis; IC-MPGN – immune-mediated 
membranoproliferative glomerulo-nephropathy. Gastrointestinal (GI) symptoms: Abdominal pain, nausea, vomiting, diarrhea. 
* National, multicenter study; ** tumor size detected by imaging.

First 
Author

No. of 
transplant 
recipients

No. with 
allograft cancer

(n,%)

Total treated by 
TRN (n)

Age at tumor 
diagnosis; sex

Primary kidney 
disease (n)

Average time from 
transplant to diagnosis 

(years)

Case Reports

Alharbi [26], Althaf 
[27], Pandya [28], 
Banshodani [29], 
Asciak [16], Ajabnoor 
[30], Greco [31]

– 7 case reports 7
13.5–56 (range);  

4 M, 3 F

IC-MPGN (1); 
Unknown (4); 

Other (2)
5–20 (range)

First 
Author

Presenting symptoms 
or incidental finding 

(n)

Tumor size (cm)** & 
histological variant 

(n)

Tumor 
location (n)

Functionality of 
renal allograft at 
presentation (n)

Clinica 
follow-up

Case Reports

Alharbi [26], Althaf 
[27], Pandya [28], 
Banshodani [29], 
Asciak [16], Ajabnoor 
[30], Greco [31]

GI symptoms (3); 
gross hematuria (2); 
incidental (2); weight 

loss (1); UTI (1)

1.3–9.0; 
Chromophobe RCC 

(4);
Clear cell RCC (2); 
Papillary RCC (1)

Mid renal (2); Upper 
pole (1); Lower pole 

(2); Other (2)

Non-functional (5); 
Functional (2) (Cr of 

1.0 mg/dL)

Alive- 2.5–55 mo (4);
Not available (3)
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in the immunosuppressed state are often more aggressive [22]. 
Despite the clinical relevance, little is known about outcomes 
of transplant radical nephrectomy performed for allograft ma-
lignancies [15,18,23–25]. Tables 5 and 6 summarize the pub-
lished literature on transplant radical nephrectomy performed 

for RCC and transplant radical nephroureterectomy for UCC 
[16,26–31]. While the existing literature supports nephron-
sparing surgery, when indicated, to preserve renal allograft 
function and avoid dialysis, limited data informs clinicians 
regarding outcomes of transplant radical nephrectomy or 

First Author
No. of 

transplant 
recipients

No. with 
allograft 

cancer (n, %)

No. with UCC  
(n, %)

TRNU
(n)

Age at tumor 
diagnosis; sex

Primary kidney disease (n)

Case series

Leon* [8] 56,806 107 (0.18%) 11 (0.02%)  TRNU (11)
56.7 (mean); 

N/A

Glomerulonephritis (4), PCKD (2), 
uropathy (1), renal cancer (1), 

arterial hypertension (1), immune 
disease (1); unknown (1)

Saleeb [9] 1,584 4 (0.25%) 1 (0.06%)
“Resection of the 

allograft kidney for 
tumor” (1)

66; F Unknown

UCC – urothelial cell carcinoma; TRNU – transplant radical nephroureterectomy; mo – months; N/A – not available; UTUC – upper 
tract urothelial cancer; RCC – renal cell carcinoma; US – ultrasound; CT – computerized tomography; MRI – magnetic resonance 
imaging; Cr – creatinine; IN – interstitial nephropathy; IgA – immunoglobulin-A; PCKD – polycystic kidney disease; Gastrointestinal (GI) 
symptoms: Abdominal pain, nausea, vomiting, diarrhea. *National, multicenter study.

Table 6. Literature review of renal allograft UCC treated by transplant radical nephroureterectomy.

First Author
Average time 

from transplant to 
diagnosis (years)

Presenting symptoms or 
incidental finding (n)

Tumor type and grade (n) Clinical follow-up

Case series

Leon* [8]
5.6

(1.2–8.1, range)

Gross hematuria (4), Systematic 
urine cytology (1), Follow-up US 

(3), Follow-up CT (2) and MRI 
due to arterial hypertension (1)

Papillary UCC (11),
High-grade (10), 
Low-grade (1)

60 mo (mean) (13.5–87.5);
alive (10);

deceased (1) (UTUC)

Saleeb [9] 9 N/A
Papillary UCC,

High-grade
24 mo, alive, 
no recurrence

First Author
No. of transplant 

recipients
No. with allograft 

cancer (n, %)
No. with UCC  

(n, %)
TRNU

(n)
Age at tumor 
diagnosis; sex

Primary kidney 
disease (n)

Case reports

Farkas [10] N/A 1 1
“Graft was 

surgically removed” 
(1)

63; M IgA nephropathy

Hong [36] N/A 1 1 TRNU (1) 40; M Unknown

First Author
Average time from 

transplant to diagnosis 
(years)

Presenting symptoms or 
incidental finding (n)

Tumor type 
and grade (n)

Clinical 
follow-up

Case reports

Farkas [10] 9
Painless, gross hematuria 

and asymptomatic 
hydronephrosis

UCC, High-grade
21 mo, alive, 
no recurrence

Hong [36] 10
Gross hematuria and GI 

symptoms
UCC, Low-grade

24 mo, alive, 
no recurrence
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nephroureterectomy in patients with either an already failed 
allograft or, when nephron-sparing surgery is not feasible, be-
cause of the complexity of the cancer, determined by the tu-
mor size, location, grade and multifocality [5,32–34]. Transplant 
radical nephrectomy with the excision of the ureter and blad-
der cuff is the optimal approach for patients with UCC, regard-
less of the tumor size, location, or feasibility of nephron-spar-
ing surgery [8–10,35,36]. In our cohort, 7 patients had failed 
transplants and were on dialysis, and 3 had tumors not suit-
able for nephron-sparing surgery.

To the best of our knowledge, this study is the largest series to 
date to evaluate outcomes of transplant radical nephrectomy 
or nephroureterectomy. In our series, 2 patients died within 60 
days of surgery; one because of myocardial infarction and one 
due to stroke. Within the time frame of a 7-year follow-up, 2 
other patients died: one after 2.9 years, because of myocar-
dial infarction, and another after 6.1 years, for unknown rea-
son. Patients who are considered for these surgeries should 
be counselled regarding peri-, intra-, and postoperative risks, 
especially considering the fact that this patient pool usually 
has multiple comorbidities such as history of ESRD, immuno-
suppression, hypertension, and vasculopathy, which increases 
their risk for peri- and postoperative morbidity and mortality.

Although transplant radical nephrectomy and nephroureter-
ectomy are challenging surgeries, a prepared multidisciplinary 
surgical collaboration can achieve favorable surgical and on-
cological outcomes and minimize the risk of complications. In 
our series there was one instance of vascular injury and one 
instance of splenic injury occurred, and both received success-
ful repair by vascular and general surgery teams. No intraop-
erative mortality occurred. Most of the patients in our cohort 
had an unremarkable postoperative course and no recurrence 
of cancer was observed on surveillance follow-up.

In this series, only 3 of the 10 patients (30%) presented with 
complications greater than Clavien-Dindo grade IIIa within 30 
days of surgery. Two of these patients (Cases 4 and 6) had 
significant comorbidities, including obesity, hypertension, and 
smoking. Despite these risk factors, both patients are alive 
today, approximately 10- and 6-years after nephrectomy, re-
spectively, with unremarkable follow-up. The long-term out-
comes of this study are promising and suggest that, in capable 
hands, transplant radical nephrectomy and nephroureterec-
tomy are safe and feasible surgeries. Although this study in-
cludes the largest cohort of patients who underwent trans-
plant radical nephrectomy and nephroureterectomy, the small 
number of patients imposes limitations on the study’s conclu-
sions. These surgeries, moreover, were accomplished with a 
multidisciplinary team at a tertiary academic center, which is 
a limitation in terms of external validity, if the same surgery 
is attempted in a different practice setting. More research on 
this topic, perhaps with larger numbers of patients and from 
different institutions, may be necessary to further investigate 
the outcomes.

Conclusions

This study reports the outcome of the largest case series to 
date on transplant radical nephrectomy and nephroureterecto-
my for malignancies of renal allografts. These extirpative sur-
geries, in the optimized setting, appear to be safe, with favor-
able long-term oncological and survival outcomes.
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