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Abstract

Introduction: Many medical associations recommend nephron-
sparing surgery (NSS) for tumours larger than 4 cm amenable to 
partial nephrectomy (PN). These recommendations are, however, 
mostly based on isolated reports. We systematically review the 
oncological outcomes of partial nephrectomy procedures per-
formed for tumours larger than 4-cm.
Methods: A PubMed search was carried out using keywords “par-
tial nephrectomy” and “nephron sparing” for records dating back 
to 1995. In total, 2136 abstracts were analyzed; from these, 174 
studies were scrutinized. We identified 32 manuscripts reporting 
size-specific cancer-specific survival rates for masses greater than 
4 cm. From each of these studies, we recorded the number of PN, 
tumour diameter, follow-up duration, 5- and 10-year recurrence, 
overall and cancer-specific survival rates (OS, CSS). We also cal-
culated weighted OS and CSS rates.
Results: This systematic review includes 2445 patients with renal 
tumours larger than 4 cm who underwent PN: 1858 patients with 
tumours between 4 to 7 cm, 410 patients with tumours larger than 
7 cm and 177 patients with tumours greater than 4 cm (exact size 
unknown). Our analysis revealed weighted 5-year CSS rates of 
95.4%, 86.2% and 93.9% for tumours 4 to 7 cm, >7 cm, and all 
tumours >4 cm, respectively. The respective 5-year OS rates were 
84.7%, 76.4%, and 84.7%.
Conclusions: We found excellent 5-year CSS and OS rates for 
patients with tumours 4 to 7 cm treated with PN. These outcomes 
compare favourably to those reported in historical radical nephrec-
tomy (RN) series for similarly sized tumours. Thus, PN is an accept-
able and often preferred treatment for renal masses >4 cm which 
are amenable to nephron-sparing procedures.

Introduction 

Well-established as the standard of care for renal tumours 
smaller than 4 cm, partial nephrectomy (PN) is less often 
considered for larger tumours. This 4-cm cutoff was ini-

tially set as a threshold for PN following individual studies 
that reported poorer cancer-specific survival (CSS) in larger 
tumours resected through nephron-sparing (NSS) proce-
dures.1-3 More recently, however, larger studies compar-
ing overall survival (OS) and CSS after partial and radical 
nephrectomies for T1b tumours have established NSS as 
an option with equivalent oncological outcomes and a sig-
nificantly lower incidence of postoperative chronic kidney 
disease.4-11 Based on these isolated studies, many medical 
associations (American Urological Association, European 
Association of Urology and the National Comprehensive 
Cancer Network) now recommend NSS for tumours larger 
than 4 cm which are surgically amendable to this approach. 

In light of this paradigm shift and our belief that practice-
changing decisions should be based on aggregated data rath-
er than isolated studies, we present a systematic review of 
the literature (from 1995 to 2011) for oncological outcomes 
of PN performed specifically for tumours larger than 4 cm. 
To the best of our knowledge, this is the only published sys-
tematic review reporting aggregated oncological outcomes 
of renal masses >4 cm. 

Methods 

Using the PubMed database in January 2012, we searched 
for “partial nephrectomy” and “nephron sparing.” We 
wanted to identify the aggregated oncological outcomes of 
NSS performed for tumours larger than 4 cm in humans 
over the past 16 years. The reason for choosing this 16-year 
time period was to capture contemporary data with evolved 
PN techniques that reflected the use of elective rather than 
imperative partial nephrectomy. We also wanted our results 
to better reflect the understanding of renal anatomy and renal 
cell carcinoma (RCC) gained over the past 15 to 20 years. 
The search was limited to English-language human stud-
ies, published between January 1, 1995 and December 31, 
2011. This search yielded 2250 and 979 articles contain-
ing the terms “partial nephrectomy” and “nephron sparing,” 
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respectively. We removed case reports (only 1 patient), edi-
torial letters and review articles from the results; although 
we noted the review articles for subsequent citation review. 
This reduced the results to 1507 and 629 entries for both 
terms. After manually reviewing all 2136 abstracts and 28 
review articles citations, we eliminated duplicate entries 
and irrelevant studies; in the end, 174 studies of interest 
were compiled. These articles were scrutinized for stud-
ies reporting 5-year oncological outcomes specific to NSS 
procedures performed for renal masses greater than 4 cm in 
diameter, without contamination of data pertinent to smaller 
masses. A total of 32 case series satisfying our aforemen-
tioned inclusion criteria were identified1,3-5,10,12-38 (Fig. 1). 
Weighted average values were extracted from each case 
series, factoring in their respective sample sizes. Measured 
parameters included the number of PN procedures, tumour 
size, follow-up duration, local and distant recurrence rates 
and OS and CSS rates.

Results 

A total of 2445 patients with renal tumours larger than 4 cm 
in diameter who underwent PN were included in identified 
studies published between 1995 and 2011. This number 
includes 1858 patients (76%) with tumours between 4 to 
7 cm, 410 patients (16.8%) with tumours larger than 7 cm, 
and 177 patients (7.2%) with tumours of non-specified diam-
eters greater than 4 cm (Table 1). Information on surgical 
approach was available for 1564 patients from 15 studies 
and included 1311 open PN, 252 laparoscopic PN, and 1 
robotic PN.15,17-20,22,25,27,28,30,32-36

The mean tumour diameter was 5 and 8.1 cm for masses 
4 to 7 cm and >7 cm in diameter, respectively. The median 
follow-up duration was available for 1735 patients (71%) 
and was estimated at 4.5 years. The weighted mean follow-
up duration was 3.8 years and was relevant for only 896 
patients (36.6%). The 5-year local and distant recurrence 
rates for masses 4 to 7  cm in diameter were 3.3% and 7.3%, 
respectively. For masses greater than 7 cm in diameter, we 
found that local and distant recurrence rates were higher at 
8.8% and 18.7%, respectively (Table 2).

The 5-year CSS and OS rates were 95.4% and 87.1% 
for masses between 4 to 7 cm in diameter, and 86.2% and 
78% for masses greater than 7 cm in diameter, respectively 
(Table 3). 

Discussion 

PN has undergone a transition from being reserved for 
patients with compromised renal function to one electively 
offered to patients with two normal-functioning renal units; 
the use of PN has increased from 15.3% in 2002 to 24.7% 
in 2008 (p < 0.001).39 Regarding T1b renal masses, the rate 

of PN utilization has reached 35% in European tertiary care 
centres.40 This shift had initially begun to materialize with 
the emergence of studies examining the outcomes of PN pro-
cedures performed in the early 1990s demonstrating equiva-
lent oncological and superior renal function outcomes of 
PN performed for smaller renal masses, when compared to 
RN.7,8,41 These studies, coupled with others that showed sig-
nificant improvement in OS, led to the expansion of the use 
of PN to include larger masses. Furthermore, it was found 
that the prognosis worsened as masses became larger, not 
only for patients treated with NSS procedures, but also for 
those treated with RN.42-46 This outcome led many authorities 
to reconsider the role of tumour size when planning elective 
surgical management. Currently, the empirical consensus 
is that as long as safe resection can be achieved, then the 
oncological outcomes should be similar.

Challenging the 4-cm cutoff diameter, 3 studies in this 
review compared the oncological efficacy of PN for both 
T1a and T1b masses.24,26,32 Having examined 839 elective 
PNs for malignant tumours, Patard and colleagues reported 
no significant differences in positive surgical margins, local 
or distant recurrence rates, and CSS between tumours less 
than or greater than 4 cm.24 Similar findings were reported 
by Filipas and colleagues. In their study, 132 patients with 
tumours less than 4 cm had a 5-year OS rate of 91.6% and 
a CSS rate of 98.1%, compared to an OS rate of 92.6% and 
a CSS rate of 97.0% in 48 patients with a tumour diameter 
greater than 4 cm.32 Antonelli and colleagues compared the 
outcomes of 313 T1a and T1b managed by either RN or 
PN, with a mean follow-up period between 54.3 and 78.8 
months. There were no significant differences between the 
masses assigned to either procedure in regards to histologic 
type and the incidence of high nuclear grade (G3-4). Within 
both-sized groups, differences in disease progression and 
disease-free survival rates after either procedure were non-
significant.26

In this review, we found that the aggregated 5-year local 
(3.3%) and distant (7.3%) recurrence rates for T1b tumours 
treated with PN is lower than those of tumours larger than 
7 cm (7.3% and 18.7%, respectively). The 5- and 10-year 
CSS rates for masses larger than 7 cm in diameter were 
also inferior, at 86.2% and 74.9%, respectively. We hypoth-
esize that this decrease in recurrence-free and CSS rates 
with tumours >7 cm might be due to a higher incidence of 
aggressive tumour biology in larger masses. This has been 
previously suggested by Turun and colleagues who found a 
significant increase in the odds ratio of high-grade disease 
by 1.46 with each 1-cm increase in tumour diameter.47 The 
higher recurrence and mortality rates associated with masses 
greater than 7 cm treated with PN might initially suggest 
that a better outcome can be achieved with RN. However, 
in studies including a comparison of both procedures for 
masses greater than 7 cm, there was almost no difference 
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in 5-year CSS between either procedure, weighted at aver-
ages of 74% versus 75% for PN and RN, respectively.14,25

Similarly, PN compared favourably to RN for T1b renal 
masses in studies that included a comparison of both pro-
cedures with a trend towards higher CSS and OS in patients 
undergoing PN (weighted averages of 97% vs. 88.4% and 
94.5% vs. 82.6%, respectively, Table 4).4,5,17,21

When deciding optimal surgical procedure (PN vs. RN), 
some authors have demonstrated a higher chance of tumour 
multifocality in patients with larger renal masses suggesting a 
potential benefit to RN.48,49 However, Gupta and colleagues, 
in their study of 58 patients with multifocal RCC, found that 
multifocality did not affect oncological outcomes of PN, and 
that PN can be safely offered to patients presenting with 
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multifocal tumours greater than 4 cm.14 Furthermore, many 
studies have demonstrated that, in T1 and T2 masses, mul-
tifocality of RCC occurs independently from primary tumour 
size.50,51

Urologists contemplating elective PN for larger renal 
masses are often concerned with the increased incidence 
of postoperative complications (higher in comparison with 
RN34). However, when analyzing the risk for complications 
in 507 LPN procedures, Tuma and colleagues found that if 
PN is performed by experienced surgeons, then increasing 
mass size, patient age or ASA score do not significantly affect 
complication rate.52

Another important question is regarding the role of PN 
in elderly patients with larger renal masses. Roos and col-
leagues compared the functional and oncological outcomes 
in young patients undergoing PN or RN for renal tumours 
larger than 4 cm to those of elderly patients. They wanted to 
assess the impact of age and the choice of surgery on onco-
logical control and residual renal function following either 
procedure.34 In both age groups, patients who underwent RN 
had a much lower estimated glomerular filtration rate at the 
last available follow-up than patients who underwent PN. 
New onset of chronic kidney disease for patients treated with 
NSS or RN was 15.5% and 31.1% of young and in 24.2% 
and 50.9% of elderly patients, respectively. Differences in 

OS and CSS rates between the two procedures were not 
significant within the same age groups.34

There are several limitations in this systematic review. 
We’ve included a relatively small number of studies and 
we did not identify any randomized controlled trials. Also, 
we found that 7 out of the 32 reviewed studies did not dif-
ferentiate between the survival rates of PN for T1b masses 
and those performed for masses greater than 7 cm in diam-
eter. Furthermore, most studies did not report survival rates 
according to pathological stage or histological subtype for 
tumours >4 cm; therefore, pathological information was not 
included in this study. Different papers described either the 
mean or median follow-up durations; few papers reported 
both. Moreover, the weighted mean and median follow-ups 
were relatively short. This review is also exposed to publi-
cation bias towards studies with better outcomes, or those 
produced from large volume centres, or performed by expe-
rienced surgeons. Finally, this review only included English-
language studies from the PubMed database and may have 
missed reports from other languages and databases, as well 
as from non-refereed journals and conference proceedings.

Conclusion 

This systematic review reveals excellent OS and CSS for 
patients with renal tumours >4 cm in diameter treated with 
PN. These outcomes compare favourably to those reported 
in comparative RN series for similarly sized tumours. PN is 
therefore an acceptable and often preferred first-line treat-
ment modality for renal masses >4 cm.

Table 1. Overview of partial nephrectomy procedures

All >4 cm 4.1−7 cm >7 cm
No. 
procedures

2445 1858 410

Mean tumour 
size (cm)

5.6
(n = 1498, 

61.3%)

5
(n = 916, 
49.3%)

8.1
(n = 192, 
46.8%)

Median 
follow-up 
(years)

4.5
(n = 1735, 

71%)

5.1
(n = 1004, 

54.4%)

3.8
(n = 215, 
52.4%)

Mean follow-
up (years)

3.8
(n = 896, 
36.6%)

4
(n = 361, 
19.4%)

4.4
(n = 88, 21.5%)

Table 2. Recurrence rates according to tumour size

All >4 cm 4.1−7 cm >7 cm

Total
11.6%

(n = 1564, 64%)*
10.9%

(n = 944, 50.8%)*
23.1%        

(n = 126, 30.7%)* 

Local
3.8%

(n = 1400, 57.3%)* 
3.3%

(n = 839, 45.2%)* 
8.8%

(n = 126, 30.7%)* 

Distant
9.8%

(n = 1476, 60.4%)* 
7.3%

(n = 884, 47.6%)* 
18.7%

(n = 126, 30.7%)*
*No. patients with the parameter described, and their representation in respect to their size 
group.

Table 3. Overall and cancer-specific survival rates 
according to tumour size

All >4 cm 4.1−7 cm >7 cm

OS

5-year
86.1%

(n = 1835, 75%)*
87.1%

(n = 1061, 57%)*
78%

(n = 278, 68%)*

10-year
58.8%

(n = 543, 22%)*
56.8%

(n = 215, 12%)*
54%

(n = 186, 45%)*

CSS

5-year
93.9%

(n = 2445, 100%)*
95.4%

(n = 1491, 80%)*
86.2%

(n = 367, 90%)*

10-year
86.8%

(n = 868, 36%)*
84.7%

(n = 363, 20%)*
74.9%

(n = 270, 66%)*
OS: overall survival; CSS: cancer-specific survival. *No. patients with the parameter 
described, and their representation in respect to their size group.

Table 4. Aggregated partial and radical nephrectomy 
survival rates

PN RN
4.1−7 cm (follow-up duration: 4.9 years)4,5,17,21

No. procedures 607 2419

5-year OS 94.5% 82.6%

5-year CSS 97% 88.4%

>7 cm (follow-up duration: 5.2 years)14,25

No. procedures 47 612

5-year CSS 74% 75%
PN: partial nephrectomy; RN: radical nephrectomy; OS: overall survival; CSS: cancer-
specific survival.
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