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Partial Nephrectomy Does Not
Compromise Survival in Patients With
Pathologic Upstaging to pT2/pT3
or High-grade Renal Tumors
Compared With Radical Nephrectomy
Christopher J. Weight, Casey Lythgoe, Raman Unnikrishnan, Brian R. Lane,
Steven C. Campbell, and Amr F. Fergany

OBJECTIVE To compare survival in patients with clinical T1b renal tumors that are pathologically upstaged,
or high-grade tumors, treated by either partial nephrectomy (PN) or radical nephrectomy (RN).
The American Urological Association Guidelines recently advocated increasing use of PN in all
patients with cT1 renal masses, but urologists are often hesitant to perform PN for larger more
aggressive appearing cT1 renal tumors for fear of pathologic upstaging and a perceived compro-
mise in cancer control.

METHODS From a single institutional kidney cancer registry, 2511 consecutive patients with presumed cT1
renal cell cancer underwent extirpative surgery; 1981 (79%) were found to have renal cell cancer
(RCC) and 213 (10.7%) were upstaged on final pathology. In addition, 95 (5%) were found to
have grade 4 cancer. Cancer-specific survival (CS) and overall survival (OS) were compared
between the groups.

RESULTS In the upstaged cohort, patients treated by PN (n � 96, 45%) had comparable OS and CS when
studied stage for stage with those treated by RN (n � 117, 55%). Multivariate cox-proportional
hazards analysis of OS in the upstaged subset demonstrated that only age, grade, and Charlson
score predicted OS, whereas PN vs RN and stage did not. PN did not compromise survival in
patients with grade 4 RCC compared with RN.

CONCLUSIONS PN does not appear to compromise the chance for cancer cure in patients with cT1 tumors that
are upstaged pathologically to pT2 or pT3 or high-grade renal masses when compared with RN.
These concerns should not deter a surgeon from attempting PN when otherwise technically

feasible. UROLOGY 77: 1142–1147, 2011. © 2011 Elsevier Inc.

c

r
i
t
d

a
t

Partial nephrectomy (PN) remains underused in the
United States1 and Canada,2 despite accumulating
data outlining the deleterious effects of chronic

kidney disease (CKD) among patients with renal tu-
mors.3-5 The American Urological Association Guidelines
efined PN as a reference standard for patients with cT1a
umors (PN), presuming that the patient is a good surgical
andidate and has reasonable life expectancy. In addition,
N should also be considered a standard of care for patients
ith cT1b tumors, along with radical nephrectomy (RN)
ven with a normal contralateral kidney.6 Data from mul-
iple institutions have demonstrated that PN offers equal
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ancer-specific survival (CS).4,5,7-10 In addition, the excess
renal loss associated with RN was associated with a 17%
increased risk of death from any cause and a 25% increased
risk of death from a cardiovascular cause.4 Even though
ecently published data demonstrate that at high-volume
nstitutions, cT1a tumors are treated by PN about 90% of
he time,11 population-based data in the United States
emonstrate PN rates only around 40% for tumors �4 cm.12

Although trends over recent years in North America gen-
erally leaned toward increased use of PN, in Canada there
was a sharp drop in the number of tumors treated with PN
after the introduction of laparoscopic radical nephrec-
tomy,2 suggesting that choice of RN over PN is more

product of surgeon preference rather than patient or
umor characteristics.13

However, despite an overall trend toward increased use of
PN observed in patients with renal masses �4 cm, in

atients with cT1b tumors, widespread use of PN has been
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particularly slow despite the fact that larger institutions now
report treating 50–60% of all cT1 tumors with PN.4,11

Larger tumors are more likely to be understaged by com-
puted tomography imaging and one reason urologists may be
hesitant to attempt PN in patients with these larger, more
aggressive appearing tumors is the perception that RN may
offer a more favorable oncological outcome to PN. In an
attempt to address this issue, we compared overall survival
(OS) and CS in a subset of patients with tumors �7 cm

ho were eventually upstaged to pT2/pT3 or had high-
rade histology on final pathology.

MATERIAL AND METHODS

From 1999 to 2006, 2511 patients with an enhancing cT1 renal
mass underwent extirpative surgery, 73% by PN (n � 1834) and
27% by RN (n � 677). Of these, 1981 (79%) were found to be
malignant tumors, including 213 (10.7%) patients who were found
to have stage pT2 or higher and 95 (5%) who were found to have
Furhman nuclear grade 4 tumors on final pathology. Perioperative
and pathologic data were obtained from our institutional review
board–approved, institutional kidney cancer patient registry.

Choice of extirpative surgery was left to surgeon and

Table 1. Perioperative characteristics of patients with cT1
high-grade cancer

Upstaged Cohort (n � 213)
Patient Characteristics

RadMean (IQR) or n (%)

Age
Male gender, n (%)
Pre-op tumor size (cm)
Side of tumor
Right
Left
Charlson group

0-1
�2

Furman nuclear grade 4
pTstage group

2
3

Median follow-up in mo (IQR)

High-grade Cohort (n � 95)

Rad
Patient Characteristics
Mean (IQR) or n (%)

Age 6
Male gender, n (%) 2
Pre-op tumor size (cm) 5
Side of tumor
right 2
left 2
Charlson group

0-1 6
�2 1

pTstage group
1 2
2
3 2

Median follow-up in mo (IQR) 4
patient preference, after consideration of tumor size, radio-
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graphic appearance, overall patient health, life expectancy,
and surgeon comfort. Comorbidity was evaluated using the
Charlson-Romano Index or the Age-Adjusted Charlson In-
dex as indicated. For each patient, vital status was obtained
using the Social Security death index and cause of death
information was determined by reviewing the patient’s med-
ical records and information obtained from the National
Death Index. Patients without a social security number were
excluded from the analysis.

The Kaplan-Meier analysis was used to evaluate OS, with the
log-rank test. Proportions were analyzed by chi-square or Fisher’s
exact test as indicated. Wilcoxon/Kruskal-Wallis was used to com-
pare nonparametric continuous data, and Student’s t-test was used
if the data were parametric. Because the patients were not ran-
domized, a Cox multivariate hazard analysis of OS was performed.
Survival was modeled stage for stage, to limit selection bias. Hazard
ratios (HR) and their 95% confidence intervals (CI) were re-
ported. A two-sided P value of �.05 was considered statistically
significant. All analyses for this study were performed with JMP 8.0
(SAS Institute, Cary, NC) statistical software.

RESULTS
There were significant differences between the RN and

al masses upstaged to pT2/pT3 on final pathology or to

(N � 117) Partial (N � 96) P Value

8–76) 63 (56–71) .02
4) 73 (76) .07
.0–6.7) 4 (2.6–5.2) �.0001

.7
0%) 50 (52%)
0%) 46 (48%)

.0001
4%) 80 (87%)
6%) 12 (13%)
0%) 6 (7%) .0004

.15
0%) 12 (13%)
0%) 84 (87%)
4-74) 61 (39-83) .2

(N � 43) Partial (N � 52) P Value

6–69) 60 (50–71) .1
0%) 30 (58%) .8
.0–6.6) 3.5 (2.9–4.7) �.0001

1%) 27 (52%) .8
9%) 25 (48%)

.2
1%) 33 (65%)
8%) 18 (35%)

�.0001
7%) 46 (88%)
%) 2 (4%)
8%) 4 (8%)
-59) 56 (39-79) .0006
ren

ical

67 (5
75 (6
6 (5

58 (5
59 (5

69 (6
39 (3
23 (2

23 (2
94 (8
50 (3

ical

5 (5
6 (6
.8 (5

2 (5
1 (4

9 (5
9 (4

0 (4
2 (5
1 (4
1 (9
PN groups as might be expected in a nonrandomized
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tholo
cohort (Table 1). Median follow-up for the upstaged
cohort was 53 months (IQR, 37-76), and for the high-
grade cohort it was 49 months (IQR, 26-72).

Cancer-Specific Survival
In the entire malignant cohort of 1981 cT1 patients,
there were 100 deaths as a result of cancer. Multivariate
analysis of CS demonstrated that Furhman grade and
pathologic stage predicted CS, but age, tumor size, and
type of nephrectomy did not. There were 95 patients
(5%) who were found to have high-grade (Furhman
grade 4) cancer on final pathology; 5-year CS for these
patients was 63% (95% CI, 50-75). In the upstaged
cohort (n � 213), 5-year CS was 82% (95% CI, 76-89).
The 24 and 28 cancer-specific deaths in these smaller
cohorts, respectively, preclude multivariate analysis,
but Kaplan-Meier analysis demonstrated that PN offers
at least equivalent cancer control compared with RN
in both the high-grade cohort, 5-year CS 88% (95% CI,
73-99) vs 37 (95% CI, 17-58) (log-rank P �.001), and
the upstaged cohort 5-year CS 94% (95% CI, 89-99) vs
73 (95% CI, 62-84) (log-rank P � .01), respectively.
Stratifying stage for stage demonstrates that PN per-
forms equally well in cancer control compared with
RN (Fig. 1).

Overall Survival
Kaplan-Meier analysis of OS demonstrated that PN was
at least equivalent to RN in both upstaged tumors and
high-grade tumors (Fig. 2). During follow-up, 43 patients
in the high-grade cohort and 72 in the upstaged cohort
died of any cause. Multivariate analysis was performed,

Figure 1. Kaplan-Meier analysis comparing CS for patients
pathologic stage T2 (B), pathologic stage T3a (C), and pa
including Charlson comorbidity index, pathologic stage,

1144
age, grade, and type of nephrectomy; only age, high-grade
cancer, and comorbidity score predicted OS (Table 2),

ted with either RN or PN for the entire upstaged cohort (A),
gic stage T3b (D).

Figure 2. Kaplan-Meier analysis of OS in patients who were
upstaged (A) or had high-grade tumors (B) on final pathol-
ogy treated with either PN or RN.
trea
whereas nephrectomy type did not.

UROLOGY 77 (5), 2011
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COMMENT
RN for the treatment of localized kidney tumors contin-
ues to be the mainstay treatment for patients with T1b
renal masses,1,14 despite a growing body of literature that
chronicles the deleterious effects of nephrectomy-in-
duced CKD in this population.3-5,15,16 Radical extirpa-
tive surgery has long been the mainstay for oncological
surgeons in many disciplines, including urology. With
stage migration,17,18 nearly every newly diagnosed local-
zed kidney tumor is being treated surgically, and cancer
ontrol when the tumor is confined to the kidney is well
bove 90%.4 Despite these excellent oncological results,
e observe puzzling data that demonstrate that OS for
atients with kidney masses has not improved.19 One

possible reason for this disconnect between increasing
treatment without improving survival could be the mor-
bidity of the treatment. There is an increasing awareness
of the morbidity and mortality associated with CKD in
the general medical patient,20 and this has led the uro-
logical community to reevaluate the paradigm of RN for
localized kidney tumors. Indeed, now there are studies
from several centers outlining the improved renal func-
tion associated with PN3,21 and a subsequent association

ith improved OS.4,5,16

These data have contributed to a rising use of PN in
the United States and Canada, particularly in the small
renal masses �4 cm in size, but there has been relative
resistance to use PN in larger renal masses �4 cm.12,14

Many surgeons remain concerned that these larger tu-
mors are more aggressive, and thus likely to be upstaged
or have a high Furhman grade, and therefore would be
better treated by RN. Although our data found signifi-
cant percentages of upstaged and high-grade tumors,
he data do not indicate that these patients are better
erved by RN. In this cohort of 1981 cT1 tumors, 759
ere cT1b (38%). Of this subset of patients with larger

umors, 148 tumors (20%) were upstaged to pT2 or
igher and 55 tumors (7%) were found to be grade 4.
herefore, although the concern of upstaging and
igher-grade tumors is reasonable, the argument that
N offers any oncological advantage over PN is not

upported by our data. In no analysis did PN compro-
ise CS or OS, even on multivariate analysis (Table 2,

igs. 1 and 2). With emerging data confirming both

Table 2. Multivariate analysis of OS in patients with cT1
masses pathologically upgraded to pT2/pT3, N � 213

Hazard
Ratio

95% CI
Lower

95% CI
Upper

P
Value

Charlson score
(�2 vs 0-1)

1.79 1.02 3.13 .04

Pathologic T stage
(3 vs 2)

1.23 0.31 4.21 .8

PN vs RN 0.99 0.54 1.76 .9
Age per year 1.05 1.02 1.08 .0003
Grade (4 vs 1-3 vs) 4.0 2.21 7.78 �.0001
he theoretical and measured benefits of preserving as
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much renal function as possible, the question of
whether to perform a PN should largely revolve around
the technical feasibility and whether the patient’s co-
morbidities may preclude the attendant benefits of
renal preservation.

Our data are limited by the fact that they are retro-
spective and come from a nonrandomized cohort. Table
1 demonstrates that those treated by RN had larger, more
aggressive tumors, and although we tried to control for
confounding factors, the relatively little number of
events preclude adequate multivariate comparison, par-
ticularly for CS. However, these data should provide
practitioners with reassurance that they are not compro-
mising CS by offering PN in these larger tumors. In
addition, these data are supported by multiple studies
from several other institutions which find that a complete
tumor resection by PN offers equal cancer control when
compared with RN.10

CONCLUSIONS
PN does not appear to compromise the oncological out-
comes in patients with cT1 tumors that are upstaged
pathologically to pT2 or pT3 or high-grade renal masses
when compared with RN. Therefore, these concerns
should not deter a surgeon from attempting PN when
otherwise technically feasible.

Acknowledgments. We acknowledge Ben Larson, Wei Liao,
nd Mary Federico.
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EDITORIAL COMMENT
“Compared to radical nephrectomy partial nephrectomy does
not appear to compromise the chance for cancer cure in
patients with clinical T1 tumors that are upstaged patholog-
ically to pT2 or pT3.” This is the conclusion of this inter-
esting paper.

Many urologists continue to mistakenly believe that in a
patient with larger tumors (T1b and T2), radical nephrectomy
(RN) should be considered as the treatment of choice. Authors’
data well underline that tumor size or grade should not deter a
surgeon from attempting a partial nephrectomy (PN) when
otherwise technically feasible. Nephron-sparing surgery (NSS)
warrants complete local resection of a renal tumor while leaving
the largest possible amount of normal functioning parenchyma
in the involved kidney. Although in the past the use of partial
nephrectomy has been limited to patients who would be ren-
dered anephric after RN (ie, solitary functioning kidney, bilat-
eral renal cell carcinoma [RCC], unilateral RCC with some
compromise of the contralateral kidney) during the last decade,
PN has been accepted as a safe and effective alternative in
elective situations. Many studies have shown equivalent cancer
control when comparing RN and PN in T1b tumors, thus
suggesting that it may be safe to increase the indications of NSS

from 4-7 cm.1,2

146
It is reasonable to expect in imperative indications a high
rate of major complications that could be considered acceptable
to prevent anephria in clearly informed patients, but currently,
major complications could be considered rare in elective indi-
cations and experienced hands.3

Another important aspect to be considered is the incidence
of benign lesions after renal surgery for presumed RCC. In
addition to results in the present paper, approximately 20% of
renal masses after radical surgery have been found to be benign
tumors.4

For these reasons, the authors’ conclusions give clinicians
facilities to counsel patients recently diagnosed with small renal
masses and decide the most appropriate treatment, to avoid
unnecessary neprectomy.

Giorgio Pomara, M.D., Ph.D., Francesco Francesca, M.D.,
Urology Unit, Department of Endocrinology and Kidney,
Nuovo Ospedale S.Chiara, Pisa, Italy
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REPLY
This paper has been presented with the goal of encouraging
urologists that, even in the face of more locally advanced or
high-grade disease, partial nephrectomy (PN) in select pa-
tients can provide oncological results comparable with rad-
ical nephrectomy (RN). As presented in the editorial com-
ment, it appears that PN is oncologically equivalent to RN
in renal tumors up to 7 cm in size, and recent studies suggest
that this may even be extended to T2 tumors.1,2 In the
authors’ opinion, size should not impact the decision to
perform PN if the surgeon feels it is technically feasible with
meaningful renal parenchyma spared.3 Patient survival has
been shown to be superior in patients undergoing PN vs
RN,4 presumably related to improved postoperative renal
function, and should provide the major impetus for perform-
ing PN whenever possible. Unnecessary RN is still performed
for a significant number of patients, particularly in the el-
derly, as well as in lower-volume centers. The rationale of a
laparoscopic RN as a less invasive alternative to an open PN
is attractive to both patients and surgeons, and perpetuates
the practice of unnecessary RN for smaller tumors. Future
progress will depend on increasing awareness of the risks of

renal insufficiency, as well as increasing implementation of
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