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Abstract

Objective: To compare the oncologic outcomes of nephron-sparing sur-
gery versus radical nephrectomy in intracapsular renal cell carcinoma
(RCC) up to 7 cm by reviewing surgical experience retrospectively.
Methods: Data from 1290 consecutive patients who had surgery for RCC
have been stored in a dedicated database since 1983. We selected and
reviewed those related to disease-free patients who had been treated for
unilateral pT1a/pT1b pN0/Nx M0 carcinomas up to 7 cm and later
followed for a minimum of 12 mo.
Results: A total of 642 patients with mean follow-up of 72.9 mo were
selected; 313 had been treated for tumours <4 cm in diameter
(176 nephron-sparing surgery, 137 nephrectomy), whereas 329 had been
treated for tumours measuring �4 cm (52 nephron-sparing surgery,
277 nephrectomy). The comparison between tumours <4 cm or �4 cm
in diameter showed worse progression and disease-free survival rates
for the latter, but the type of surgery (nephron-sparing or radical) seemed
to have no significant impact.
Conclusions: Conservative management can be cautiously suggested for
RCC up to 7 cm because the worsening of prognosis as diameter
increases shows no statistical differences for either nephron-sparing
or radical surgery. The agreement of our results with those of similar
studies available in the literature may suggest designing a prospective
study to compare conservative and more radical surgery in the manage-
ment of RCC up to 7 cm.
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1. Introduction

Renal cell carcinoma (RCC) accounts for 2% of solid
tumours and is the urologic malignancy associated
with the highest mortality rate due to the lack of
efficient systemic therapy in the treatment of
metastatic diseases [1].

Radical surgery is still regarded as the gold
standard in the management of organ-confined
tumours and historically radical nephrectomy has
been considered as the elective surgical option in
case of a healthy contralateral kidney. However, a
considerable number of clinical studies have already
shown that nephron-sparing surgery ensures com-
parable oncologic outcomes for carcinomas <4 cm
in diameter, in addition to preserving renal function
[2–9]. Furthermore, a number of recent case reviews
based on large data sets coming from tertiary
centres suggest extending elective indications to
tumours up to 7 cm in diameter [10–16]. Although
these recommendations are supported by numerous
members of the urologic community, as the last
European Association Guidelines have confirmed
[17], in the clinical practice a considerable number of
patients with small-sized tumours are still treated
with radical nephrectomy, possibly on the grounds
that this type of treatment is synonymous with
better tumour control [18].

The purpose of this study, which is based on the
review of a large number of cases of RCC up to 7 cm
with no peri-renal invasion, no vascular or lymph
node involvement, and no distant metastases, all
treated at the same centre, is to contribute to
proving the oncologic equivalence of radical and
nephron-sparing surgery.

2. Methods

2.1. Background

The clinical, surgical, and anatomopathologic records of 1290

consecutive patients treated for RCC at our institution have

been stored prospectively in a dedicated database since 1983.

All cases were staged preoperatively with computed tomo-

graphy (CT) or nuclear magnetic resonance (NMR). Overall,

patients with a normal contralateral kidney were treated with

nephron-sparing surgery in case of organ-confined tumours

<4 cm in diameter (elective indications), whereas tumours

measuring >4 cm and more advanced in staging were

generally treated with radical nephrectomy. Nephron-sparing

surgery was indicated for patients with an anatomically or

functionally single kidney or suffering from chronic renal

insufficiency, only given complete resectability of the tumour,

regardless of its spread (imperative indications). Over the

same period, only two uropathologists examined the surgical

specimens. The tumour histologic type was redetermined
according to the Heildelberg classification [19], grading was

assigned according to Fuhrman [20], and staging was updated

to the TNM 2002 system. All patients were periodically

followed after surgery with clinical evaluations and instru-

mental examinations (chest radiography or CT, abdominal

ultrasonography or CT) every 6 mo for the first 2 yr and then

once a year.

2.2. Patient selection

For this study we reviewed the records of patients treated with

radical surgery (absence of residual disease) for tumours up to

7 cm in diameter with no evidence of fatty tissues invasion,

vascular or lymph node involvement, or distant metastases

(pT1a/pT1b pN0/Nx M0). Patients with synchronous bilateral

tumours or urothelial tumour of the contralateral kidney were

excluded from the study to prevent the oncologic outcome

from being affected by the features of the second tumour.

Disease-free patients with <12-mo follow-up were also

excluded. Recurrence time and sites were inferred from

postoperative controls and subclassified as recurrences in

the kidney treated with nephron-sparing surgery, carcinomas

developed in the contralateral kidney, local recurrences

(lumbar fossa or retroperitoneal lymph nodes), and distant

metastases.

2.3. Statistical analysis

Differences between continuous variables were estimated

with the t test, whereas differences between nominal variables

were estimated with the x2 test; survival analysis was

performed according to the Kaplan-Meier method and

differences were estimated with the log-rank test. Two-tail

p values were used for all tests and regarded as statistically

relevant if <0.05 (SAS Institute software, version 5.0.1).
3. Results

3.1. Patient and tumour characteristics

Based on inclusion criteria, we selected 642 patients
with mean age of 61.1 yr (range: 21–88 yr) and male-
to-female ratio of 1.6:1 from the complete data set.
Mean follow-up was 72.9 mo (range: 6–295 mo) and
74.9 mo (range: 12–295 mo) for presently disease-free
cases; 15 patients with synchronous bilateral RCC,
3 patients with contralateral urothelial carcinoma,
and 129 disease-free patients with <12-mo follow-
up were excluded from the study.

Table 1 lists the features of patients grouped
according to pathologic tumour diameter, that is,
<4 or �4 cm, and the type of selected surgery,
nephron-sparing or radical. The comparison has
shown a more unfavourable, though not always
statistically relevant, distribution of the clinical
and anatomopathologic characteristics under eva-
luation for the patients treated with radical



Table 1 – Comparison of the characteristics of patients treated with either nephron-sparing surgery or radical
nephrectomy

Nephron-sparing Nephrectomy p

Diameter <4 cm 176 patients 137 patients

Incidental diagnosis 136 pts (77.8%) 90 pts (65.7%) 0.0184

Clinical mean diameter (range) 2.7 cm (1.0–5.0) 3.6 cm (2.0–6.5) <0.0001

Pathologic mean diameter (range) 2.5 cm (0.5–3.8) 2.9 cm (0.5–3.9) <0.0001

Clinical T3a 5 pts (2.8%) 10 pts (7.3%) 0.0670

Conventional histologic type 143 pts (81.2%) 122 pts (89.0%) 0.0574

G3–4 28 pts (17.2%) 17 pts (12.9%) 0.3072

Mean follow-up 59.2 mo 78.8 mo <0.0001

Imperative indication 19 pts (10.8%) —

Diameter �4 cm 52 patients 277 patients

Incidental diagnosis 37 pts (71.1%) 111 pts (59.9%) 0.0935

Clinical mean diameter (range) 4.3 cm (2.0–12.0) 5.5 cm (1.5–8.0) <0.0001

Pathologic mean diameter (range) 4.8 cm (4.0–7.0) 5.2 cm (4.0–7.0) 0.0136

Clinical T3a 6 pts (11.5%) 57 pts (20.6%) 0.1285

Conventional histologic type 42 pts (80.8%) 249 pts (89.9%) 0.0590

G3–4 13 pts (25.0%) 76 pts (27.5%) 0.7059

Mean follow-up 54.3 mo 78.8 mo 0.0002

Imperative indication 19 pts (36.5%) —

Negligible differences are shown in bold.

Pts = patients.
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nephrectomy and only conventional histologic type
and high-grading rates have shown an overlapping
distribution. Finally, the group of patients suffering
from carcinomas<4 cm included a fewer number of
cases with imperative indication for conservative
surgery (10.9% vs. 36.5%, p < 0.0001).

3.2. Survival and variables affecting outcome

To date, disease has recurred in 68 patients, equal to
10.6% of the sample, at a mean 42.7 mo after surgery
(range: 3–291 mo). The cases with tumours <4 cm or
�4 cm have shown, respectively, progression rates
of 8.6% and 12.5% ( p = 0.1144) and disease-free
survival rates at 60 mo of 96.9% and 92.4%
( p = 0.0207).

After classifying tumours according to diameter,
<4 cm or �4 cm, no statistically significant differ-
ences emerged in progression and survival rates
depending on the type of surgery (Table 2). More
specifically, the progression rate after radical sur-
Table 2 – Progression rate and disease-free survival rate in pati
nephrectomy

Progression rate

Diameter <4 cm Nephron-sparing 14/176 pts (8.0%)

Nephrectomy 13/137 pts (9.5%)

Diameter �4 cm Nephron-sparing 4/52 pts (7.7%)

Nephrectomy 37/277 (15.4%)

Pts = patients.
gery was twice that after nephron-sparing surgery
for patients with tumours �4 cm (15.4% vs. 7.7%),
even though no statistical significance can be
attributed to these data.

Both after sparing and radical surgery, patients
with carcinomas <4 cm showed a higher risk of
recurrence in the operated and contralateral kidney
(obviously this figure is valid only for patients treated
with conservative surgery), whereas patients with
carcinomas �4 cm showed a higher risk of distant
metastases and local recurrences (Table 3).

Cytonuclear grading was significantly correlated
with the risk of recurrence in patients with
carcinomas measuring �4 cm (low G vs, high G,
9.2% vs. 20.2%, p = 0.0067), unlike patients with
carcinomas <4 cm (low G vs. high G, 7.6% vs.
11.1%, p = 0.4277). The type of surgery, however,
had no significant impact on prognosis for patients
with tumours �4 cm and high grading (Table 4).

Of 228 patients who had nephron-sparing sur-
gery, 190 had elective and 38 had imperative
ents treated with either nephron-sparing surgery or radical

p Disease-free survival rate at 5 yr p

0.6314 96.1% 0.7455

97.5%

0.2564 93.0% 0.7463

92.5%



Table 3 – Recurrence-specific risks associated to type of surgery and tumour diameter

Distant metastases Local recurrences Contralateral kidney Operated kidney

Nephron-sparing <4 cm 1 pt (1.1%) 1 pt (0.6%) 3 pts (1.7%) 8 pts (4.4%)

�4 cm 2 pts (5.3%) 1 pt (1.9%) 0.0% 1 pt (1.9%)

Nephrectomy <4 cm 5 pts (3.7%) 0.0% 8 pts (5.8%) —

�4 cm 32 pts (11.6%) 2 pt (0.7%) 3 pts (1.1%) —

Pts = Patients.

Table 4 – Progression rate and disease-free survival rate in carcinomas I4 cm with high cytonuclear grading

Progression rate p Disease-free survival rate at 5 yr p

Nephron-sparing 15.3% (2/13 pts) 0.6382 80.8% 0.4790

Nephrectomy 21.0% (16/76 pts) 83.2%

Pts = patients.

e u r o p e a n u r o l o g y 5 3 ( 2 0 0 8 ) 8 0 3 – 8 0 9806
indications (chronic renal failure in 11 patients,
contralateral renal atrophy in 11 patients, previous
nephrectomy for benign disease in 10 patients, and
congenital single kidney in 6 patients). Patients with
elective indications showed a lower recurrence rate
(5.7% vs. 18.4%, p = 0.0084) and a higher disease-free
survival rate at 5 yr (96.3% vs. 90.5%, p = 0.1089) than
the patients with imperative indications. Consider-
ing also the size parameter, for tumours <4 cm in
diameter prognosis proved more favourable for the
group treated with conservative surgery under
elective indications, whereas the correlation was
considerably less apparent for tumours >4 cm in
diameter (Table 5).
4. Discussion

Since the publication of Robson’s study in 1969 [21],
radical nephrectomy has been regarded as the gold
standard to treat RCC. However, a good oncologic
outcome from nephron-sparing surgery under
imperative conditions and the ever-increasing occur-
rence of incidental small-sized tumours have encour-
aged surgeons to opt for organ-saving techniques
also under elective conditions, giving survival rates
Table 5 – Progression rate and disease-free survival rate in ca
indications for conservative surgery

Progression rate

Diameter <4 cm Elective 9/157 pts (5.7%)

Imperative 5/19 pts (26.3%)

Diameter �4 cm Elective 2/33 pts (6.1%)

Imperative 2/19 (10.5%)

Pts = patients.
that practically overlap those of radical nephrectomy
[2–9,22]. Sparingsurgeryspecificallyentails therisk of
recurrence in the operated organ, ranging between
0% and 10% in the major series [5], which can be
imputed in principle to lack of radicality or unde-
tected multifocality. So, the relationship between
tumour size and multifocality identified by some
anatomopathologic studies [23,24] and the signifi-
cantly worse oncologic outcome associated with the
increase of diameter highlighted by some retro-
spective clinical studies [25] have led to the definition
of a 4-cm cut-off point for elective nephron-sparing
surgery, recommended by international guidelines
and included in the TNM 2002 system to discriminate
the pT1a from the pT1b stage. However, some studies
have reconsidered the relationship between multi-
focality and diameter [26–30], pointing out that
prognosis tends to worsen as diameter increases
not only for patients treated with nephron-sparing
surgery but also for patients treated with radical
nephrectomy [31], expressing some criticism against
theuse of tumour diameter as the main parameter for
planning surgical strategy.

Following these considerations, a limited number
of retrospective studies from tertiary centres for
the treatment of RCC have recently reported
rcinomas I4 cm according to elective or imperative

p Disease-free survival rate at 5 yr p

0.0017 97.3% 0.0454

85.6%

0.5606 91.1% 0.8271

94.7%
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satisfactory oncologic outcomes [10–16] and accep-
table morbidity [32] with the use of sparing surgery
for tumours between 4 and 7 cm, cautiously sug-
gesting to extend elective indications to this
diameter. Accordingly, the latest European guide-
lines recommend conservative surgery for tumours
<4 cm in diameter as the gold standard, although
they admit, without recommending it, for tumours
up to 7 cm, provided cases are adequately selected
and treated in experienced centres [17].

However, as the data reported by Miller et al [18]
show, conservative surgery finds little application in
clinical practice, even for small-sized tumours,
possibly because most urologists still believe that
radical surgery ensures better oncologic control.

For our study, we selected 642 cases of unilateral
RCC measuring up to 7 cm with no extracapsular
extension, no vascular invasion, and no lymph node
or distant metastases, that had been followed up for
a considerably long time.

Our results show that prognostic indicators are
more favourable for patients with tumours <4 cm.
Data stratification based on this diameter shows
no differences in progression and survival rates
between the cases treated with sparing or radical
surgery; the figures are slightly in favour of the
former, both for tumours <4 cm and for larger
tumours. Therefore, the selected type of surgery
does not seem to have an impact on prognosis for
these groups of patients.

Moreover, the way in which disease recurred
appears to be related to the characteristics of the
tumour regardless of the selected type of surgery
because a greater risk of distant metastases and
local recurrences was reported for carcinomas
�4 cm, whereas a greater risk of homolateral or
contralateral renal recurrences was associated with
carcinomas <4 cm, both for patients subjected to
nephron-sparing surgery and nephrectomy. Relapse
modalities had a different clinical behaviour. It was
unfavourable for distant metastasis and local
recurrences (22% of presently disease-free cases),
probably due to distant or regional micrometastases
already present at diagnosis that were not affected
by the treatment applied on the renal tumour. On
the contrary, it was more indolent and responsive to
surgical therapy for renal recurrences (73% of
disease-free cases), which can probably be regarded
as newborn cancers instead of true tumour recur-
rences. This would further support the choice of
conservative surgery to manage the first tumour and
reduce the risk of renal failure when treating the
second tumour.

Even if a significant correlation has been identi-
fied between high grade and poor prognosis for
carcinomas �4 cm, no impact of the type of surgery
performed has been seen. Therefore, tumour grad-
ing assessment by preoperative or intraoperative
biopsy is not essential because surgical strategy
should not be influenced by this factor.

In our experience, patients treated with conser-
vative surgery under imperative indications showed
a tendency towards more unfavourable prognostic
indicators than those treated under elective indica-
tions, but this correlation is far less apparent for
carcinomas�4 cm in diameter. Considering that the
small number of patients with imperative indica-
tions included in the series selected for this study
makes statistical assessments less easy to interpret,
we believe that the exclusion of patients with
oncologic diseases affecting the contralateral kidney
justifies the partial deviation from the data of other
authors, who found in imperative indications a
negative independent prognostic factor. Moreover, if
we consider that the preservation of renal function
is an even more stringent goal under those condi-
tions since the oncologic benefit of radical nephrec-
tomy has not been proved yet, the intuitive
conclusion is that surgery should be conservative.

When discussing results, it must be noted, as
Campbell and Novick have already pointed out
[33], that the comparison between radical nephrec-
tomy and nephron-sparing surgery in retrospective
studies is based on groups of patients with hardly
overlapping features, which makes the alleged
equivalence of the two techniques rather question-
able. Even in our study the heterogeneous distribu-
tion of clinical and pathologic parameters between
groups suggests significant biases arise not only
from the retrospective nature of the study but also,
and in particular, from the criteria adopted to
select patients for sparing surgery, which usually
follow accepted guidelines that, until recently, were
clearly against the elective use of that technique for
tumours measuring >4 cm. Accordingly, only a few
patients with such tumours underwent elective
conservative treatment because of tumour diameter
under-staging or ‘‘poorly aggressive’’ appearance at
preoperative and intraoperative evaluations. At the
same time, it should be noted that the seven papers
[10–16] published to date on the same subject share
identical selection biases and, despite a few differ-
ences in case selection, report virtually overlapping
oncologic outcomes (Table 6).

The agreement between the results of papers
published by different institutions may pave the
way for the design of a prospective study to confirm
the validity of nephron-sparing surgery as against
radical nephrectomy for a selected number of renal
tumours from 4 up to 7 cm in diameter.



Table 6 – Results reported by the studies on conservative management of renal cell carcinomas between 4 and 7 cm in
diameter available in literature

Study No. of
cases �4 cm

Follow-up, mo % pT3a Disease-free survival
rate at 5 yr

Carini et al [10] 71 74 14% 85.1%

Leibovich et al [11] 91 106 1% 98.0%

Patard et al [12] 28 42 0% 93.8%

Becker et al [13] 69 74 4.3% 94.9%

Dash et al [14] 45 14 9% (2% with vascular invasion) around 80% (figure not reported)

Mitchell et al [15] 33 34 36.4% 96.2%

Nemr at al [16] 15 45 Not reported 100.0%

Present study 52 54 0% 93.0%
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5. Conclusion

The retrospective review of our experience confirms
the feasibility of nephron-sparing surgery for RCC
between 4 and 7 cm, provided tumours are carefully
selected based on their safe and complete resect-
ability. Considering the substantial agreement of
our results with those reported by the few similar
studies available in the literature, we believe the
design of prospective studies that can confirm the
equivalence of radical and conservative surgery in
the management of organ-confined RCC up to 7 cm
may be justified.
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