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Introduction

Partial nephrectomy (PN) has evolved to become standard of 
care for small renal masses (SRMs) and select larger tumours 
that are amenable to nephron-sparing techniques. Early studies 
of cT1a (≤4 cm) tumours demonstrated that PN compared 
to radical nephrectomy (RN) was associated with improved 
overall survival (OS) (1-3). It is nevertheless important to 
acknowledge that the European Organization for Research 
and Treatment of Cancer Genito-Urinary (EORTC-GU) 
noninferiority phase 3 trial 30904 demonstrated improved OS 
for RN; however, in the renal cell carcinoma (RCC) subgroup, 
this trend lost significance (4). However, the increased 
recognition that chronic kidney disease (CKD) significantly 
impacts medical morbidity (5-8) has led the American 
Urological Association (AUA) and European Association of 
Urology (EAU) guidelines to support PN as the procedure of 
choice for cT1a tumours (9,10).

Laparoscopic PN (LPN) and robot-assisted PN (RAPN) 
as minimally-invasive alternatives to the traditional open 
PN (OPN) have seen increased utilization. While these 
techniques are associated with reduced postoperative 

pain and shorter lengths of stay all the while maintaining 
comparable oncologic outcomes to OPN (11,12), the scope 
of this review is not focused on the minimally invasive limits 
of PN. In this review, we aim to analyze tumour staging, 
renal functional, anatomical, and surgical factors to define 
limitations where PN may represent significant oncological 
risk or surgical morbidity, tipping the balance in favour of 
RN.

Tumour staging considerations

Primary tumour size

Nearly 25% of patients with RCC present with underlying 
CKD (13) and thus also carry a higher risk of cardiovascular 
comorbidities (14,15). This has led to increased consideration 
of PN for larger, specifically T2, renal masses (16). The 
oncological benefit in this setting remains controversial. 
Compared to RN, studies have reported equivalent 
recurrence-free, cancer-specific as well as OS rates for 
PN in lesions 4-7 cm in size (17-21). The boundaries 
of what is considered feasible for PN have expanded 
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to also include more complex tumour locations (17).  
An analysis of the Surveillance, Epidemiology, and End 
Results (SEER) database from 1998 to 2008 identified 
no statistically significant difference in 5-year cancer-
specific mortality between RN and PN for lesions T2 or 
greater (P=0.2) (22). Given that tumour complexity may 
also influence PN selection, Kopp et al. utilized the radius, 
endophyticity, nearness to collecting system, anterior/
posterior, and location polarity (RENAL) nephrometry 
score to compare T2 masses treated by either RN (n=122) 
or PN (n=80) (23). After a median follow-up of 41.5 months,  
no significant differences were identified between median 
RENAL score and 5-year progression-free survival (69.8% 
vs. 79.9% for RN and PN, respectively; P=0.115) or 
cancer-specific survival (82.5% vs. 86.7% for RN and PN, 
respectively; P=0.407).

The Mayo Clinic’s experience of PN for T2, T3a, and 
T3b lesions was assessed by matching to a reference RN 
cohort by stage, tumor size, baseline renal function, age, and 
gender (24). PN, when compared to RN, was not associated 
with an increased risk of death from all causes (HR 1.11, 
95% CI, 0.72-1.71; P=0.642) or RCC-specific mortality (HR 
0.80, 95% CI, 0.43-1.50; P=0.489). Further, after a median 
follow-up of 3.2 years, 15 PN patients (22%) and 69 RN 
patients (33%) had metastatic disease (HR 0.74, 95% CI, 
0.42-1.29; P=0.234). More recently, outcomes of PN on 
masses ≥7 cm (including 41% >10 cm) were reported by 
Long et al. In this series of 46 patients, the 5- and 10-year  
overall and RCC-specific survival rates were 94.5% and 
70.9%, respectively (25).

Locally advanced tumours

Invasion and development of a thrombus of the renal vein 
or inferior vena cava (IVC) associated with a renal mass has 
historically been managed with RN and thrombectomy (26).  
Utilization of a nephron sparing surgery (NSS) in this 
situation remains controversial. It is motivated by preserving 
renal function in patients expected to have adequate life 
expectancy, given that the 5-year cancer specific survival is 
40-65% in patients with locally advanced RCC, particularly 
with favorable prognostic factors (27). PN may have a role 
in this setting; however, the data to support this is limited. 
In one study comparing the oncologic outcomes based on 
the surgical technique in T2-T3b tumours, 34 patients 
underwent PN and 567 patients received RN (28). Disease 
recurrence was observed in four of the 34 PN patients (12%) 
versus 164 of the 567 (28.9%) in the RN cohort at a median 

follow up of 24.2 and 13.2 months, respectively. While this 
may reflect a significant selection bias, wherein patients 
receiving PN likely also had more favorable comorbidities, 
on multivariate analysis, the type of surgical procedure 
was not an independent predictor of disease recurrence 
or RCC-specific death. It should be noted that there were 
tradeoffs in performing PN—namely, a higher procedure-
related complication rate in three patients (9%): two had 
a prolonged urinary fistula, successfully managed with 
ureteric stenting, and one patient had hemorrhage requiring 
emergent re-exploration.

Cytoreductive surgery for metastatic RCC

Approximately 17-30% of patients with RCC present 
with metastatic disease (29). In appropriately selected 
patients, cytoreductive nephrectomy remains an important 
consideration, even in the contemporary tyrosine kinase 
inhibitor era (30). However, in light of the even shorter 
life expectancy of patients with metastatic RCC than those 
with locally advanced cancer, the relative benefit of nephron 
preservation has to be appropriately balanced with the 
risk of peri-operative morbidity to select candidates with 
favorable prognosis.

There are limited reports demonstrating the utility of 
PN in the metastatic setting. Krambeck and colleagues 
compared 16 patients who underwent cytoreductive PN and 
compared their results to 404 patients who underwent RN 
for cytoreduction (31). Of the 16 patients, 12 had a solitary 
kidney, which is an important imperative consideration with 
significant quality of life implications. The cancer specific 
survival rates of these 16 patients at 1, 3, and 5 years were 
81%, 49%, and 49%, respectively. The cancer specific 
survival rates of the 404 patients who underwent RN at 1, 3, 
and 5 years were 51%, 21%, and 13%, respectively.

The feasibility and prevalence of cytoreductive PN 
was assessed by Capitanio et al. using the SEER cancer 
registry from 1988 to 2004 to identify 46 patients that 
received cyroreductive PN. This cohort was compared to a 
historical control group from 1997 that underwent RN (32).  
Multivariate analysis demonstrated no statistically 
significant difference in cancer specific survival between 
the two groups (HR 1.40; P=0.16). Additionally, Hellanthal 
and colleagues analyzed the SEER database from 1988 to 
2005 and identified 70 patients with metastatic disease that 
underwent PN (2%). These patients were 0.49 times less 
likely to die from RCC than those who underwent RN 
(P<0.001) (33).
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Babaian and colleagues examined the MD Anderson 
Cancer Center’s experience with metastatic RCC patients who 
underwent PN from 1996 to 2011 (29). Of the 33 patients,  
22 patients (67%) died from disease at a median follow 
up of 27 months. Patients that received PN for either a 
metachronous contralateral renal mass or a renal mass <4 cm  
had the best OS (61 and 42 months, respectively).

Renal function considerations

The main advantage of PN over RN is nephron preservation, 
leading to improved postoperative renal function. However, 
PN is still associated with some functional decline as the 
procedure inherently excises nephrons adjacent to the tumor 
and eventual reconstruction is required, which can lead 
to devascularization. Renal function after PN depends on 
the three “Qs”: quality [baseline glomerular filtration rate 
(GFR)], quantity (percentage of renal function preserved), 
and quickness (ischemia time) (34). Many studies have 
demonstrated the importance of the “quality” factor, viewing 
the baseline GFR as the determinant of ultimate renal function 
following PN (35,36). Effective PN focuses on improving 
the precise excision of the tumor with minimal margins with 
careful reconstruction to maximize the number of preserved 
nephrons all the while minimizing the amount of ischemic 
injury associated with the procedure. The duration of ischemia 
remains an important surgeon-modifiable factor (37) and novel 
techniques to reduce it have shown promise (38).

To our knowledge, apart from end stage renal disease, 
there is no reliable lower-limit GFR threshold beyond 
which PN should not be attempted. Further, because the 
nadir GFR can be multifactorial and difficult to predict, 
the greatest benefit to nephron sparing may be in those 
with already compromised renal function. Towards this, 
enucleative and unclamped techniques may have a specific 
role in optimizing post-operative renal function in these 
scenarios (39). Further, the majority of data demonstrating 
that CKD has an increased risk of progression to end-stage  
renal disease, cardiac morbidity and even death is due 
to long-standing medical comorbidities such as diabetes 
and not surgically-induced causes of CKD. Loss of 
nephrons due to surgical resection may be associated 
with a decreased likelihood of CKD progression, relative 
to those with medically induced CKD (40,41). These 
data support the notion surgically induced CKD is less 
harmful than medical CKD, and since patients with 
CKD are at the greatest risk of further renal function 
decline with surgery, PN should be favored (42).  

Nevertheless, PN is not without morbidity and an 
earlier reporting of the findings from the EORTC-GU 
noninferiority phase 3 trial 30904 showed an unanticipated 
OS benefit for RN (4). These level 1 results, although 
not necessarily reflective of contemporary PN, should 
continued to be weighed in the decision making process for 
patients with marginal renal function.

Other limiting factors

The decision to perform a PN has largely been dependent 
on the location, complexity, and size of the renal mass. 
There has been increasing adoption of renal nephrometry 
systems such as the RENAL score, PADUA prediction 
score,  and central ity index (C-index) to assist  in 
determining the complexity of the PN and the likelihood 
of complications (43,44). While these factors are critical 
for determining surgical approach, there are additional 
anatomic and surgical restraints that can dictate the 
feasibility of PN. The quantity and the quality of the 
perinephric fat can influence the technical difficulty of 
a PN. Much time can be allotted to removing adherent 
perinephric adipose tissue in preparation for a PN. It is this 
fat and not necessarily body mass index that is more likely 
to lead to poor surgical exposure during hilar dissection, 
tumour excision, and renorrhaphy (45). Recently, Davidiuk 
et al. introduced an image-based scoring system, the Mayo 
Adhesive Probability (MAP), to predict intraoperative 
adherent perinephric fat, based on posterior perinephric fat 
thickness and stranding (46). The anticipation of “sticky” 
fat would allow surgeons to counsel patients on predicted 
anatomical challenges during PN and the possibility of 
conversion to RN.

PN in the setting of prior renal surgery represents a 
potential limit to the application of NSS. In light of the 
fact recurrences may be related to the multifocality of renal 
masses, RN has traditionally been viewed as the optimal 
surgical strategy, however, the goal of nephron preservation 
has gained increased traction (47). Multiple, single-
institutional experiences with PN in the setting of previous 
renal surgeries have been reported with acceptable peri-
operative outcomes despite the challenging nature of these 
procedures (Table 1) (48-54).

Ablative procedures such as radiofrequency ablation and 
cryotherapy are increasingly utilized in the management 
of SRMs, particularly in non-surgical candidates (55-57). 
However, when ablation is unsuccessful and/or recurrence 
is identified, salvage surgery typically entails RN, although 
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several series have demonstrated the possibility of PN, 
albeit representing very challenging surgical scenarios. 
Zermann et al. reviewed the Cleveland Clinic experience 
with attempted PN after either radiofrequency ablation or 
cryotherapy (58). In this small series, only two of the ten 
patients underwent successful PN on account of significant 
perinephric fibrosis whereas the remainder underwent RN 
or abortion of the procedure. A series from the National 
Cancer Institute reported more successful outcomes for PN 
after radiofrequency ablation (53). Most of these patients 
had severe fibrosis, but PN was completed in all patients 
(n=16) and required a prolonged operative time together 
with a greater risk of transfusion. In this series, there was 
a moderate increase in the risk of complications such as 
prolonged urine leak and the need for re-operation. The 
MD Anderson Cancer Center experience with salvage renal 
surgery following energy ablation was recently reported (59).  
Of 14 patients, 11 underwent PN while the remainder 
underwent planned RN. The procedures were technically 
difficult with two patients requiring intraoperative 
transfusions, together with the potential need for aggressive 
local resection to achieve negative margins (e.g., resection 
of the psoas muscle). Taken together, these studies suggest 
that, in the appropriately selected patients, PN is feasible 
despite being technically demanding. 

Future directions

The increased utilization of abdominal imaging has 

amplified the incidental detection of SRMs. Of the 64,000 
new masses in 2012, nearly 74% of them were SRMs  
(4 cm or less), and a substantial number of them were 
benign (20-30%) (60). Accurate characterization of these 
masses is necessary to guide treatment, including potentially 
avoiding intervention for benign lesions. Radiologic 
assessment and needle biopsy are currently used to better 
characterize SRMs, however, both of these approaches have 
limitations. Radiologic imaging has little value in predicting 
small renal mass growth whereas needle biopsies of masses 
smaller than 3 cm have a high false negative rate.

We are currently investigating the utility of DNA 
methylation markers from tissue obtained from needle 
biopsies to improve the diagnostic accuracy and gain 
prognostic information for SRMs. Our preliminary analysis 
has demonstrated that there are distinct methylation profiles 
for SRMs based on their histologic pathologies. When data 
from ex vivo needle biopsies is combined with data from The 
Cancer Genome Atlas (TCGA), the methylation profile of 
the specific histologic pathology appears to cluster together 
and can be used to differentiate one from another (61).  
Further investigations are underway to determine if 
methylation data provided from needle biopsies can play 
a role in the clinical management of patients with SRMs 
by detecting cancer at the early stages, reducing over-
diagnosis and false positives, and accurately identifying 
non-malignant tumors. In addition to potentially avoiding 
aggressive treatment, a secondary goal is to identify patients 
that would most benefit from active surveillance.

Table 1 Surgical outcomes of PN after a previous ipsilateral kidney surgery: a literature overview

Study Technique

Patients 

(tumors), 

n

Time from 

previous  

surgery, months

Solitary 

kidney,  

%

Tumor 

size,  

cm

OR 

time, 

min

Unclamped, 

%

Ischemia 

time,  

min

EBL, 

min

Postoperative 

complications, 

%

Autorino et al. (48) RAPN 9 [12] 39.36* 33 2* 150* 33 17.5* 150* 22

Jain et al. (49) RAPN 5 [5] 27$ NR NR 156$ 20 14.6$ 220$ NR

Turna et al. (50) LPN 25 [25] 79.2$ 0 2.5$ 180$ 0 35.8$ 215$ 12

Johnson et al. (51) 44 OPN,  

3 LPN

47 [51] NR 33 3.5* 450* 39.3 31* 1,800* 43.2

Magera et al. (52) OPN 18 [22] 46.8* 67 1.9* NR 64 NR 700* 28

Kowalczyk et al. (53) 12 OPN,  

1 LPN

13 [16] 33.75* 0 3.2* NR 25* 27* 1,500* 50

Liu et al. (54) OPN 25 99* 100 3.5* 8.5* 52 46* 2,400* NR

*, median value; $, mean value. PN, partial nephrectomy; RAPN, robot-assisted PN; NR, not recorded; LPN, laparoscopic PN; 

OPN, open PN.
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Conclusions

Demonstration of safety, equivalent oncologic efficacy 
together with improved renal functional outcomes, has 
propelled PN as the standard of care for SRMs. There is 
increasing consideration of PN in the treatment of tumors 
of greater size, complexity as well as in locally advanced 
or cytoreductive scenarios. PN may also have a role in 
technically challenging scenarios of previous renal surgery 
or following failed renal mass ablation.
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