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Background: Somatic alteration of the von Hippel–Lindau
disease tumor suppressor gene (VHL) is one of the most
common genetic changes observed in the sporadic, clear-cell
subtype of renal cell carcinoma (RCC). However, the prog-
nostic utility of VHL mutations has not been examined. The
purpose of this study was to explore the association between
VHL mutations and the risk of death from sporadic clear-
cell RCC. Methods: A total of 187 Japanese patients with
clear-cell RCC who underwent nephrectomy from October
1986 through December 1995 were examined for somatic
VHL gene alteration. Clinicopathologic and survival data
were also collected. Kaplan–Meier analyses and Cox propor-
tional hazards models were used to explore associations. All
statistical tests were two-sided. Results: A VHL alteration
(mutation or hypermethylation) was detected in 108 RCC
tumor samples: intragenic mutations in 98 (52%) and hy-
permethylation in 10 (5.3%). VHL alterations were strongly
associated with better cancer-free survival and cancer-
specific survival for the 134 patients with stage I–III clear-
cell RCC treated by radical nephrectomy (log-rank P = .024
and .023, respectively). These associations were more statis-
tically significant among patients with relatively advanced
disease (stage III [P = .014 and .010, respectively] or stage II
+ III [P = .002 and .009]) or higher grade tumors (G3 or
higher [P = .013 and .032] or G2 or higher [P = .013 and
.018]) and among patients who presented with symptoms
(P = .005 and .012). VHL alterations remained an indepen-

dent prognostic factor for patients with stage I–III tumors
after adjustment for sex, age, stage, grading, and symptom-
atic presentation. VHL alterations were not associated with
cancer-specific survival for the 53 patients with stage IV
tumors treated with palliative or adjunctive nephrectomy
(log-rank P = .760). Conclusion: The VHL alteration status
may provide useful prognostic information, as a biomolecu-
lar marker, for patients with stage I–III clear-cell RCC who
have undergone nephrectomy. [J Natl Cancer Inst 2002;94:
1569–75]

Renal cell carcinoma (RCC) is the most common malignant
tumor of the adult kidney, accounting for around 3% of human
malignancies (1). The incidence of RCC is increasing, and it is
estimated that RCC accounts for 95 000 deaths per year world-
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wide (2). Complete surgical resection is considered to be the
only effective treatment for patients with clinically localized
RCC. However, the disease will recur postoperatively in 20%–
40% of patients who undergo potentially curative nephrectomy
(1). Accurate prediction of long-term cancer-free survival im-
mediately after resection of clinically localized disease, there-
fore, would be valuable for planning follow-up protocols and for
identifying patients with a high risk of recurrence who would
benefit from adjuvant therapy. Although conventional prognos-
tic factors such as pathologic tumor stage and grading are useful,
other novel prognostic parameters, including clinical, laboratory,
and biomolecular factors, will be needed to provide additional
predictive value (3).

RCC is a morphologically and genetically heterogeneous tu-
mor and can be classified into at least four subtypes, including
clear-cell, papillary, chromophobe, and collecting duct (Bellini
duct) carcinomas (4,5). The clear-cell subtype accounts for
about 80% of all RCCs (5). Intragenic mutation and aberrant
hypermethylation of the von Hippel–Lindau disease tumor sup-
pressor gene (VHL) have been found in up to 57% and 19%,
respectively, of sporadic clear-cell RCCs (6–8). In addition, loss
of heterozygosity of the VHL gene locus at chromosome 3p25
has been detected in more than 90% of clear-cell RCCs (6,9).
These gene alterations did not vary according to tumor progres-
sion, including tumor size, stage, grading, distant metastasis, and
lymph node metastasis. Thus, inactivation of the VHL gene is
thought to be an early or a first event in the clear-cell tumori-
genic pathway (10). Reintroduction of the wild-type VHL gene
product (pVHL) into VHL-deficient RCC cells can suppress
tumor growth in vivo and in vitro (11,12). The VHL gene, there-
fore, appears to play a critical role in the tumorigenesis of clear-
cell RCC. pVHL binds to elongin C/B, Cul2, and Rbx-1 pro-
teins, and this complex targets various proteins, including
hypoxia-inducible factor 1� and 2� for ubiquitin-dependent pro-
teolysis (13–15). Consequently, pVHL controls the hypoxia-
inducible genes, including the genes for vascular endothelial
growth factor, the glucose transporter GLUT-1, and carbonic
anhydrases (16,17). In addition, VBP1, protein kinase C, Sp1,
and fibronectin interact with pVHL, suggesting that the VHL
gene may have multiple tumor suppressor functions (18–21).

Somatic mutation of the VHL gene is among the most fre-
quent genetic alterations observed in clear-cell RCCs. However,
the clinical usefulness of the relationship between VHL muta-
tions and patient survival in sporadic clear-cell RCC (i.e., the
prognostic utility of VHL mutations) has not been examined.
The purpose of this study was to explore the association between
VHL mutations and the risk of death from clear-cell RCC in a
large group of patients with long-term follow-up by the use of
univariate and multivariable analyses.

PATIENTS AND METHODS

Patients and VHL Mutations

Tumors and corresponding normal kidney samples were col-
lected from nonselected patients who underwent nephrectomy at
Yokohama City University Hospital and its affiliated hospitals
in the Kanagawa area, Japan, from October 1986 through De-
cember 1995. All specimens were frozen rapidly with liquid
nitrogen and stored at –80 °C until nucleic acid extraction. All
patients were confirmed to have sporadic disease, according to
their medical records. Patients with a familial history of RCC or

with manifestations associated with VHL disease including reti-
nal angiomas, central nervous system hemangioblastomas, pheo-
chromocytomas, and pancreatic tumors were excluded from the
present analysis. The histopathology of the tumors was classified
according to the classifications recommended by the Union In-
ternationale Contre le Cancer (UICC) and the American Joint
Committee on Cancer (AJCC) (5). Tumor stage and grade were
determined after surgical treatment, according to the tumor–
node–metastasis (TNM) classification (22). We then consecu-
tively analyzed a total of 240 primary renal tumors, including
202 (84%) clear-cell and 38 (16%) non-clear-cell tumors, for
somatic VHL alterations by DNA–single-strand conformation
polymorphism (DNA–SSCP) analysis followed by direct se-
quencing, Southern blot analysis, and methylation-specific poly-
merase chain reaction (PCR) assay (23). We found 104 (51%)
clear-cell RCCs that showed VHL intragenic mutations. In ad-
dition, hypermethylation of the 5� promoter region of the VHL
gene was detected in 11 (5.4%) clear-cell RCCs by methylation-
specific PCR assay. No VHL alteration was found in any of the
38 non-clear-cell tumors examined. Detailed mutational profiles
of these tumors have been described elsewhere (10).

Because the somatic VHL alterations were found exclusively
in clear-cell tumors, all subsequent analyses were restricted to
those patients with clear-cell RCC. Among 202 patients with
clear-cell RCC, 15 (7.4%) were excluded from prognostic as-
sessment because of inadequate follow-up (13 were lost to fol-
low-up, and two lacked adequate clinical information). The re-
maining 187 (93%) patients were finally included in the present
analysis. The study protocol was approved by the institutional
ethics committee. One hundred thirty-four patients (72%) with
stage I–III tumors (UICC classification) underwent potentially
curative nephrectomy, whereas the remaining 53 patients with
stage IV disease received a palliative or adjunctive nephrectomy.
Patients did not receive any preoperative therapy. Ninety-four
(70%) of the 134 patients with a stage I–III tumor received
postoperative interferon � (IFN-�) and/or chemotherapy as an
adjuvant treatment. The majority of the patients (88 of a total of
94 patients; 94%) who received an adjuvant treatment had rela-
tively large tumors (�5 cm), higher stage tumors (stage II or
higher), or higher grade tumors (grade 2 or higher). Clinicopath-
ologic data, including sex distribution, age, symptomatic pre-
sentation, UICC stage, and tumor grade, are listed in Table 1. All
patients were followed up by urologists at intervals of 1–6
months. Follow-up was 65.1 ± 38.9 months (mean ± standard
deviation; range � 2–155 months) after surgical treatment.
As of October 2001 when follow-up ended, 110 patients were
alive without disease, 13 had died without disease recurrence,
nine were alive with disease recurrence, and 65 had died of the
disease.

Statistical Analysis

The �2 test was used to test for differences in distribution
between groups. Survival time was defined as the time from
nephrectomy until the patient’s death, known recurrence, or the
last time that the patient was known to be alive. Both cancer-free
survival and cancer-specific survival were estimated by the
Kaplan–Meier method, and the resulting curves were compared
by use of the log-rank test. The Cox proportional hazards model
with backward selection procedures was used to examine the
simultaneous effects of several variables on patient’s outcome.
The data were consistent with the assumptions of Cox’s propor-
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tional modeling. All statistical analyses were performed with
SPSS software (version 10.1; SPSS, Inc., Chicago, IL). All sta-
tistical tests were two-sided and were considered to be statisti-
cally significant at P<.05.

RESULTS

VHL Mutation and Clinicopathologic Parameters

The VHL gene mutational status for 187 clear-cell RCCs was
determined by DNA–SSCP followed by direct sequencing,
Southern blot analysis, and methylation-specific PCR assays.
A VHL alteration was detected in 108 (58%) samples: 98
samples with intragenic mutations (46 deletions, 30 missense
mutations, 16 insertions, and six nonsense mutations) and 10
with hypermethylation. We did not find any aberrant Southern
blot patterns in the tumors examined. VHL mutations and their
relation to various clinicopathologic parameters are listed in
Table 1. VHL alteration was statistically significantly less com-
mon among younger patients (�55 years) with clear-cell RCC
(�2 P � .013). However, no statistically significant association
was found between a VHL mutation and any of the other clin-
icopathologic parameters, including patient sex, symptom pre-
sentation, tumor stage, and tumor grade (Table 1). It should be
noted that, in patients with stage I–III tumors treated by radical
nephrectomy, there was no difference in the VHL mutational
detection rate between those receiving postoperative adjuvant
therapy and those not receiving adjuvant therapy (�2 P � .623).
Because the postoperative treatment for each patient was deter-
mined according to clinicopathologic status and patient status
and because the VHL mutation analysis was performed at least
several months after the surgical resection, we believe that there
was no treatment or follow-up bias between patients with VHL
mutations and patients without VHL mutations.

VHL Alteration and Patient Survival Time

We first examined VHL mutational status and survival of the
patients with clear-cell RCC by focusing on the 134 potentially
curable patients with UICC stage I–III tumors who received a
radical nephrectomy. This is because complete surgical resec-
tion, defined by the absence of macroscopic or microscopic rem-
nant disease, is considered to be the only treatment for which a
complete cure for patients suffering from RCC can reasonably
be expected. In the univariate analyses, cancer-free survival and
cancer-specific survival were strongly associated with symptom-
atic presentation, tumor stage, tumor grade, and VHL mutational
status (Table 2). Kaplan–Meier survival analysis demonstrated
that the presence of VHL alteration was associated with better
cancer-free survival (P � .024) and cancer-specific survival
(P � .023) (Fig. 1). We further explored the prognostic value of
VHL alteration in a stage-specific manner. A statistically sig-
nificant association between VHL alteration and better outcomes
in terms of cancer-free survival and cancer-specific survival was
observed in patients with relatively advanced disease (stage III
[P � .014 and .010, respectively] or stage II + III [P � .002
and .009, respectively]) (Table 3). In addition, similar asso-
ciations were found in patients with relatively higher grade tu-
mors (grades 3 and 4 [P � .013 and .032] or grades 2, 3, and
4 [P � .013 and .018, respectively]) and in patients with symp-
toms at presentation (P � .005 and .012) (Table 3).

We then used multivariable analysis to determine whether the
association between VHL alteration and patient survival was
independent of other outcome predictors. Backwards Cox pro-
portional hazards modeling procedures were applied with inde-
pendent variables that were chosen from the results of the uni-
variate analyses. Variables included in the analysis were sex,
age, symptomatic presentation, tumor stage, tumor grade, and
VHL mutational status. The best model was obtained by starting
with the Cox model containing all six variables and successively
eliminating the least statistically significant variables until only
statistically significant variables (P<.05) were left. The Cox pro-
portional hazards models demonstrated that the presence of a
VHL alteration remained a statistically significant independent
predictor of better outcomes (Table 4).

The prognostic significance of a VHL mutation was further
explored by determining the mutational subtype (missense ver-
sus nonmissense mutations) of the 78 stage I–III tumors with a
VHL mutation. No statistically significant differences were
found in cancer-free survival and cancer-specific survival be-
tween these two mutational groups (log-rank P � .673 and .537,
respectively) (Table 2).

We next examined VHL mutational status and survival of the
53 patients with stage IV tumors who received a palliative or
adjunctive nephrectomy. We found that 30 patients had VHL
alterations in their tumors and 23 did not. In each of these
groups, 28 (93%) of the 30 patients and 21 (91%) of the 23
patients were treated postoperatively with IFN-� alone or with a
combination of IFN-� and chemotherapeutic agents, such as
5-fluorouracil and/or vinblastine. A Kaplan–Meier survival
analysis demonstrated that the VHL mutational status had no
influence on cancer-specific survival rates for patients with stage
IV tumors (log-rank P � .760).

DISCUSSION

We examined tumor samples from a total of 187 patients with
clear-cell RCC to establish whether there was any association

Table 1. VHL mutations in 187 clear-cell renal cell carcinomas and the
relation to clinicopathologic parameters

Variable No. of patients No. with VHL mutations (%) P*

Sex
Female 50 30 (60) .707
Male 137 78 (57)

Age, y
�55 51 22 (43) .013
�56 136 86 (63)

Symptoms
Yes 94 55 (59) .832
No 93 53 (57)

Stage†
I 74 42 (57) .763
II 14 10 (71)
III 46 26 (57)
IV 53 30 (57)

Grade†
1 46 23 (50) .463
2 92 56 (61)
3+4 49 29 (59)

Adjuvant therapy‡
Yes 94 56 (60) .623
No 40 22 (55)

*�2 test. Statistically significant P values (<.05) are in boldface type. All
statistical tests were two-sided.

†Tumor stage and grade were determined after the surgical treatment, accord-
ing to the tumor–node–metastasis (TNM) classification system (22).

‡Patients with stage I–III tumors were treated by radical nephrectomy
(n � 134).
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between VHL gene mutational status and patient outcome. Al-
though the study was performed retrospectively, we believe that
there was no patient selection or treatment bias in terms of VHL
mutational status, because tumor materials were collected from
nonselected patients, numbered, and stored as anonymous
samples. These samples were subsequently analyzed for VHL
gene alterations at least several months after the time of opera-
tion; therefore, decisions about the patient’s therapy, including
operation and postoperative treatment, and the molecular genetic
analysis were performed independently. The clinicopathologic
features of this series of patients are broadly typical of other
series of patients with RCC. We have examined VHL mutational
status in clear-cell RCCs from a total 202 patients (10). How-
ever, 15 patients were lost to follow-up and, therefore, were
excluded from the present study. Among these 15 patients,
RCCs in seven patients (47%) had a VHL alteration (six intra-
genic mutations and one hypermethylation of the promoter re-
gion), whereas VHL mutation was not detected in the remaining
eight tumors. In our patient series, we found no difference in the
rate of detection of VHL alterations in patients with various
clinicopathologic characteristics, including tumor stage and
grade and adjuvant treatment (Table 1); we observed no differ-
ence in the 15 patients who were lost to follow-up (data not
shown).

In this study, we have shown that the presence of VHL al-
teration (mutation or hypermethylation) is associated with better
outcomes for patients with stage I–III clear-cell RCCs treated by
potentially curative nephrectomy. Of particular interest, these
associations were more statistically significant for patients with
a relatively high risk for tumor recurrence or death, including
higher stage, higher grade, and symptoms at presentation. To our

knowledge, this is the first report of an association between VHL
alteration and survival in patients with sporadic clear-cell RCC.
Our data suggest that VHL alteration status may provide useful
prognostic information, as a biomolecular marker, for patients
with clear-cell RCC.

The VHL gene was originally isolated and identified as a
tumor suppressor gene responsible for von Hippel–Lindau fa-
milial tumor syndrome predisposing to the development of reti-
nal angiomas, central nervous system hemangioblastomas, pan-
creatic tumors, pheochromocytomas, and multiple, bilateral
clear-cell RCCs (24). Mutational analyses have demonstrated
that nearly 100% of VHL kindreds have germline VHL alter-
ations, such as intragenic mutations, Southern blot aberrations,
and large genomic deletions (25–27). Moreover, somatic intra-
genic mutations have been found in 42%–57% of sporadic clear-
cell RCCs (6,7,9,28). Aberrant hypermethylation of the VHL
promoter region has been detected in an additional 5%–19% of
these tumors (8,9,29). Reintroduction of the wild-type pVHL
into VHL-deficient RCC cells can suppress tumor growth
(11,12). Thus, the VHL gene appears to have a critical function
in the tumorigenesis of clear-cell RCC. In contrast to germline
mutations, 30%–40% of sporadic clear-cell RCCs did not have a
somatic or epigenetic VHL change, suggesting that the VHL-
independent tumorigenic pathway may be involved in the subset
of clear-cell RCCs (30). Our data clearly demonstrate that RCCs
without a VHL alteration have a poorer prognosis than RCCs
with a VHL alteration. Around 40% of clear-cell RCCs may
have a VHL-independent tumorigenic pathway and, conse-
quently, express a different biologic behavior than clear-cell
RCCs with a VHL alteration. Previous studies suggested that the
clear-cell RCCs in VHL kindreds tend to grow slowly and that

Table 2. Cancer-free survival and cancer-specific survival of 134 patients with renal cell carcinoma treated with radical nephrectomy:
univariate analysis for clinicopathologic and VHL mutational parameters

Variable
No. of
patients

Cancer-free survival Cancer-specific survival

No. of
recurrences (%)

Mean survival,
mo (95% CI)* P†

No. of
deaths (%)

Mean survival,
mo (95% CI)* P†

Sex
Female 40 6 (15) 136.5 (123.1 to 150.0) .307 3 (8) 143.2 (130.5 to 155.8) .173
Male 94 20 (21) 125.7 (114.3 to 137.1) 15 (16) 132.1 (121.3 to 142.8)

Age
�55 y 40 5 (13) 129.9 (117.4 to 142.4) .139 3 (9) 136.4 (127.1 to 145.7) .090
�56 y 94 21 (22) 123.9 (112.2 to 135.5) 15 (16) 130.9 (119.8 to 142.1)

Symptoms
Yes 44 16 (36) 102.7 (82.3 to 123.1) <.001 13 (30) 110.9 (91.8 to 130.0) <.001
No 90 10 (11) 140.8 (132.6 to 149.1) 5 (6) 146.8 (139.6 to 154.0)

Stage‡
I 74 7 (9) 142.2 (132.2 to 151.2) .263 4 (5) 147.8 (140.9 to 154.7) .887
II 14 3 (21) 121.2 (97.3 to 145.1) <.001 1 (7) 135.0 (118.0 to 152.0) <.001
III 46 16 (35) 107.0 (88.1 to 126.0) .248 13 (28) 108.9 (89.4 to 128.5) .051

Grade‡
1 41 3 (7) 145.5 (135.1 to 155.8) .074 3 (7) 144.3 (132.8 to 155.9) .594
2 69 14 (20) 128.2 (115.6 to 140.7) <.001 7 (10) 139.2 (128.4 to 150.1) .002
3+4 24 9 (38) 82.9 (60.9 to 104.9) .030 8 (33) 90.5 (70.5 to 110.4) .001

VHL alteration
Positive 78 10 (13) 138.0 (128.1 to 147.8) .024 6 (8) 144.0 (135.3 to 152.5) .023
Negative 56 16 (29) 116.1 (99.9 to 132.2) 12 (21) 124.6 (109.5 to 139.7)

Mutational type§
Missense 21 2 (10) 124.3 (110.2 to 138.4) .673 2 (10) 124.8 (114.4 to 138.1) .537
Nonmissense 57 8 (14) 136.7 (125.0 to 148.4) 4 (7) 145.0 (135.7 to 154.4)

*CI � confidence interval.
†Log-rank test. Statistically significant P values (<.05) are in boldface type. All statistical tests were two-sided.
‡Tumor stage and grade were determined after the surgical treatment, according to the tumor–node–metastasis (TNM) classification system (22).
§VHL alteration positive cases (n � 78).
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patients with such tumors have better outcomes than those with
sporadic RCC (31,32). Our data appear to support these obser-
vations. RCCs in VHL kindreds invariably have a VHL-
dependent tumorigenic pathway. Therefore, as demonstrated in
our study, patients with RCCs in VHL kindreds are likely to
have better outcomes than those with sporadic RCC.

We examined a possible association between patient survival
and VHL mutational subtype (missense versus nonmissense mu-
tations) because previous studies indicated that nonmissense
VHL mutations are predominantly associated with sporadic and
germline cases of clear-cell RCC (28,33). Missense mutations
generally change only one amino acid in the whole pVHL,
but nonmissense mutations are likely to grossly disrupt pVHL
function or completely block the expression of pVHL. In our
patient series, we did not detect any survival difference between
these two mutational groups, although the sample size was rela-
tively small (21 with missense mutations and 57 with non-

missense mutations, including 34 deletions, 12 insertions, five
nonsense mutations, and six hypermethylations). Thus, the type
of VHL mutation in clear-cell RCCs does not appear to influence
tumor progression, invasion, or metastatic processes. These mu-
tations may instead be involved in the initial malignant trans-
formation of renal tubular cells, as previously predicted (6,
10,34).

We did not find any survival difference between patients with
stage IV tumors treated by a palliative or adjunctive nephrec-
tomy who did or did not have altered VHL genes. The majority
of these patients were treated with IFN-� alone or IFN-� com-
bined with chemotherapeutic agents after nephrectomy. Clinical
data demonstrated that the response rate to IFN-�-based treat-
ment in patients with advanced RCC was 10%–20% (35). From
our data, it appears difficult to predict the response of advanced
or metastatic RCC to treatment with IFN-� solely on the basis of
VHL mutational status. However, our patient series was again

Fig. 1. Kaplan–Meier survival probability and
VHL mutational status. Cancer-free survival (A)
and cancer-specific survival (B) for patients with
stage I–III clear-cell renal cell carcinoma who
underwent radical nephrectomy are shown. WT
� wild type. All statistical tests were two-sided
and considered statistically significant for P<.05.
The number of patients at risk and 95% confi-
dence intervals are given at representative time
points.
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limited and relatively small (30 patients with a VHL alteration
and 23 patients without a VHL alteration). Prospective studies
with a larger number of patients may be needed to clarify these
issues.

In summary, we have demonstrated a strong association be-
tween VHL gene alteration and patient outcome, particularly in
patients with stage I–III clear-cell RCC who undergo radical
nephrectomy. The presence of a VHL gene alteration, therefore,

may be useful as a prognostic biomarker in such patients. Our
data also indicate that clear-cell RCCs with and without VHL
alterations show different biologic behaviors. Although morpho-
logic differences in these tumor subtypes have not yet been
distinguished, molecular genetic approaches based on VHL mu-
tation or, alternatively, molecules located downstream of the
VHL gene may be applicable for a novel diagnosis of such
tumors.

Table 3. Cancer-free survival and cancer-specific survival of 134 patients with renal cell carcinoma treated with radical nephrectomy:
univariate analysis according to VHL mutational status

Category

VHL
alteration

(n)

Cancer-free survival Cancer-specific survival

No. of
recurrences

(%)
Mean survival,
mo (95% CI)* P†

No. of
deaths (%)

Mean survival,
mo (95% CI)* P†

Symptoms
Yes Yes (25) 5 (20) 128.6 (108.0 to 149.2) .005 4 (16) 129.4 (108.1 to 150.8) .012

No (19) 11 (58) 65.8 (36.7 to 94.9) 9 (47) 81.9 (54.3 to 109.5)
No Yes (53) 5 (9) 142.5 (132.1 to 152.9) .622 2 (4) 150.0 (143.3 to 156.8) .441

No (37) 3 (8) 138.9 (125.8 to 152.0) 3 (8) 142.9 (130.0 to 155.8)
Stage‡

I Yes (42) 4 (10) 142.0 (129.9 to 151.4) .945 2 (5) 148.6 (140.0 to 157.2) .791
No (32) 3 (9) 142.5 (129.1 to 156.0) 2 (6) 146.5 (135.2 to 157.9)

II Yes (10) 1 (10) 134.6 (117.1 to 152.0) .063 1 (10) 131.0 (110.0 to 151.8) .564
No (4) 2 (50) 80.5 (22.5 to 138.5) 0 (0) N/A

III Yes (26) 5 (19) 128.5 (107.8 to 149.2) .014 3 (12) 137.4 (119.0 to 155.8) .010
No (20) 11 (55) 63.0 (43.3 to 82.6) 10 (50) 83.4 (62.5 to 104.3)

II+III Yes (36) 6 (17) 133.2 (117.4 to 149.0) .002 4 (11) 137.7 (122.1 to 153.4) .009
No (24) 13 (54) 78.7 (54.1 to 103.3) 10 (42) 95.4 (74.0 to 116.8)

Grade‡
1 Yes (21) 1 (5) 149.0 (137.6 to 160.4) .488 1 (5) 147.9 (134.9 to 160.8) .371

No (20) 2 (10) 133.3 (118.0 to 148.7) 2 (10) 133.8 (119.2 to 148.4)
2 Yes (43) 7 (16) 134.2 (120.1 to 148.3) .300 3 (16) 145.7 (135.6 to 155.8) .299

No (26) 7 (27) 118.2 (95.1 to 141.4) 4 (15) 130.1 (110.1 to 150.1)
3+4 Yes (14) 2 (14) 109.4 (88.0 to 130.7) .013 2 (14) 110.1 (90.0 to 130.2) .032

No (10) 7 (70) 50.2 (20.9 to 79.5) 6 (60) 63.4 (34.1 to 92.7)
2+3+4 Yes (57) 9 (16) 133.7 (121.0 to 146.4) .013 5 (9) 143.0 (133.1 to 153.0) .018

No (36) 14 (39) 101.7 (79.9 to 123.5) 10 (28) 113.9 (93.3 to 134.5)

*CI � confidence interval; N/A � not applicable.
†Log-rank test. Statistically significant P values (<.05) are in boldface type. All statistical tests were two-sided.
‡Tumor stage and grade were determined after the surgical treatment, according to the tumor–node–metastasis (TNM) classification system (22).

Table 4. Cancer-free survival and cancer-specific survival of 134 patients with renal cell carcinoma treated with radical nephrectomy:
Cox backward elimination survival models*

Independent variable†

Cancer-free survival Cancer-specific survival

P‡ Point estimate (95% CI)§ P‡ Point estimate (95% CI)§

Model A
Sex, male/female X X
Age, �56 y/�55 y X X
Symptoms, yes/no .023 2.739 (1.148 to 6.535) .001 6.174 (2.144 to 17.780)
Stage, II+III/I .084 2.316 (0.894 to 6.003) X
Grade, 3+4/1+2 .029 1.591 (1.048 to 2.415) .002 2.177 (1.328 to 3.569)
VHL alteration, no/yes .012 2.793 (1.259 to 6.197) .006 4.043 (1.478 to 11.057)

Model B
Sex, male/female X X
Age, �56 y/�55 y X X
Symptoms, yes/no .007 3.154 (1.368 to 7.271) .005 4.777 (1.621 to 14.077)
Stage, III/I+II .077 1.480 (.958 to 2.285) .036 1.831 (1.042 to 3.218)
Grade, 3+4/1+2 .082 1.472 (.952 to 2.285) .013 1.902 (1.142 to 3.218)
VHL alteration, no/yes .018 2.641 (1.182 to 5.901) .022 3.253 (1.189 to 8.898)

*The best model was obtained by successively eliminating the least statistically significant variables from the Cox model containing all six independent variables
until only statistically significant (P<.05) variables were left.

†Two Cox models were examined according to subdivision of the tumor stage.
‡The P value of variables not statistically significantly associated with survival in the best Cox model are indicated by an X. All statistical tests were two-sided.
§CI � confidence interval.
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