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Abstract As the biological behaviour of even early stage
renal cell cancer (RCC) strongly correlates with tumor
size, it has been argued that the inclusion of RCC up to a
maximum diameter of 7 cm into a common subgroup
classified as T1 according to the 5th edition of the TNM
system would not adequately represent the different
biological aggressiveness of these malignancies. Taking
this into account, the TNM classification, which now
categorizes T1 RCC as T1a and T1b according to a
cutoff size of 4 cm, was recently modified. However,
only a few larger investigations, mainly based on uni-
variate statistical analyses, that support the suitability of
this cutoff are at present available from the literature.
Therefore, it was the aim of the present investigation to
determine the tumor size that best separates patients
with low responses from those with high risk for tumor
progression by univariate (log rank test) and multivari-
ate (Cox regression model) statistical analyses. Between
1981 and 2000, 652 patients (443 males and 209 females)
underwent tumor nephrectomy in our clinic for the
diagnosis of RCC. Of these, 243 patients revealed pri-
mary tumors with a local growth not extending beyond
the renal capsula at the time of surgery. For the different
cutoff levels (starting from 2 cm in increments of 1 cm

up to 8 cm) that were selected to subdivide the patients
into groups according to the maximum tumor diameter,
the correlation between tumor size and overall survival
was determined by univariate and multivariate statistical
analyses. It became evident that although during uni-
variate analysis the prognostic value of a cutoff size of
4 cm was confirmed, multivariate analysis identified the
highest relative risk for cause-specific death (2.93) for
patients having tumors larger than 5 cm in maximum
diameter. Therefore, the 5 cm cutoff seems to best
determine the clinical prognosis of patients undergoing
tumor nephrectomy for early stage RCC. The present
study demonstrates the need for multivariate statistical
approaches when the latest modification of the TNM
classification system is critically evaluated.
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Before 1950, a median 5-year survival rate of 30% was
reported for patients undergoing radical nephrectomy as
treatment for renal cell cancer (RCC). The introduction
of new imaging methods such as ultrasonography and
computed tomography (CT-scans) into the clinical rou-
tine, together with their further refinement during the
last few decades, has resulted in the diagnosis of more
early stage renal cell tumors. The latter development has
not only contributed to an improvement of the patients’
clinical prognosis but has also allowed new insights into
the clinical course following surgery for organ-confined
RCC classified as T1 or T2 disease according to the
TNM classification.

Due to clinical observations, the cutoff size between
stage T1 and T2 RCC was changed from 2.5 to 7 cm in
the 5th edition of the TNM system published in 1997 [1,
3, 4]. However, it was argued that tumors, although now
classified as T1 disease, exceeding a critical maximum
diameter of about 4–5 cm reveal a more aggressive
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biological behaviour and a higher tendency towards
metastatic spread than smaller tumors [5, 6, 7, 8]. This
results in a deterioration in the patients’ long-term sur-
vival. Due to the outcome of subsequently performed
studies which evaluated the appropriateness of the
aforementioned modification, a further subdivision of
stage T1 tumors into a T1a and T1b sugroup was sug-
gested on the basis of a 4 cm size cutoff and introduced
into the latest modification of the TNM classification
system [2, 5, 6]. Although several authors confirmed that
the inclusion of all organ-confined tumors up to a
maximum diameter of 7 cm in the T1 group insuffi-
ciently reflects the different biological behaviour of or-
gan-confined RCC [5, 6, 7, 8], there was only little
consensus on the cutoff size which exhibits the greatest
predictive value for the patients’ long-term survival in
the past. Therefore, it was the aim of the present
investigation to determine the tumor size that best sep-
arates patients at low compared to high risk of death
from RCC by univariate (log rank test) and multivariate
(Cox regression model) statistical analyses in a total of
243 patients with organ-confined RCC.

Patients and methods

Between 1981 and 2000, 652 patients (443 males and 209
females) underwent tumor nephrectomy in our clinic for
the diagnosis of RCC. According to the patient and
tumor characteristics recorded by the Clinical Cancer
Registry of Hanover University Medical School, 243
patients [152 (63%) males and 91 (37%) females] re-
vealed primary tumors with a local growth not extend-
ing beyond the renal capsula at the time of surgery. The
median age of the patients at first diagnosis was
59 years(range 33–84 years) and 60 years (range 20–
85 years) for male and female patients, respectively. The
median postoperative follow-up was 2.4 years (range
2 months–18 years).

Patient and tumor characteristics, including the his-
topathological findings following surgical treatment,
were obtained from the H.I.T. program system (Hano-
ver Information System for Tumor Data) of the Clinical
Cancer Registry of Hanover University Medical School,
and subjected to statistical evaluation. Univariate anal-
ysis using a log rank test was employed to determine the
possible prognostic importance of different cutoff values
for the maximum tumor diameter (starting from 2 cm in
increments of 1 cm up to 8 cm), in addition to patient’s
age and the presence/absence of regional lymph node or
distant metastases, for the long-term survival following
tumor nephrectomy. For each of the different cutoff
levels that were selected to subdivide the patients into
groups according to the maximum tumor diameter, the
correlation between tumor size and overall survival was
determined. Overall survival was calculated according to
the Kaplan-Meier method from the time of tumor
nephrectomy and either death from disease or date of
last follow-up. Multivariate Cox regression analysis was

used to determine whether any of the factors tes-
ted—age, tumor size according to different cutoff values,
lymph node status and the presence of distant metasta-
ses—could be identified as independent parameters of
prognostic relevance.

Results

The median size of the RCC specimens included in the
present investigation was 4.8 cm. In none of the cases
did local tumor growth extending beyond the renal
capsula. Regional lymph node or distant metastases
were identified in 16 (11 males and five females) and 30
(19 males and 11 females) patients, respectively. In terms
of median tumor size and the frequency of regional
lymph nodes or distant metastases, the comparison be-
tween male and female patients did not reveal any sig-
nificant differences. After a median follow-up of
28 months (range 2 months–18 years) for the whole
group of 243 patients, 41 patients died from progressive
disease after surgical treatment.

At 5 and 10 years following initial treatment, overall
survival was 78% (78%/76% for males and females) and
69% (72%/66% for males and females) for the whole
group of 243 patients included in the present investiga-
tion. The 5- and 10-year survival rates for those
revealing distant metastases decreased to 39% and 28%,
respectively.

To determine the prognostic value of the maximum
diameter of the tumors for the clinical course of the
disease, tumor sizes were correlated at 1 cm increments
(range 2–8.5 cm) with postoperative long-term survival.
During univariate statistical analysis, tumor size re-
vealed a statistically significant impact on the patient’s
clinical prognosis at any cutoff value evaluated
(Table 1). However, a cutoff size of 5 cm separated best
for 5 year patient survival (Figs. 1). Whereas the median
long-term survival was 5.8 years (2 months–18 years)
for patients whose maximum tumor diameter exceeded
the 5 cm cutoff level, a median survival has not yet been
determined for patients with smaller tumor sizes at the
time of data evaluation. Accordingly, the long-term

Table 1 Risk of death from renal cell carcinoma correlation with
tumor size [14]. RCC: renal cell cancer

Tumor
size (cm)

% Death from RCC

2 years 5 years
<2.5 0 0
3 1.7 4.0
4 2.9 6.7
5 4.3 9.8
6 5.9 13.4
7 7.7 17.3
8 9.8 21.5
9 11.9 25.9
10 14.3 30.4
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survival at 5- and 10 years after surgery was 91%/86%
(maximum tumor diameter <5 cm) and 55%/45%
(maximum tumor diameter ‡5 cm), respectively. Statis-
tically, this difference proved to be highly significant
(P<0.01). In contrast to univariate analysis, the classi-
fication of the patients into groups with tumors of
<3 cm/‡3 cm (P=0.14) or <4 cm/‡4 cm (P=0.11) in

maximum diameter did not demonstrate any indepen-
dent predictive value for long-term survival following
surgery using multivariate analysis. In addition to all
other cutoff sizes evaluated, the presence of regional
lymph node or distant metastases was identified to
independently predict the long-term survival of the pa-
tients (P<0.01) (Table 2). As in the univariate analysis,

Table 2 Prognostic significance of different patient and tumor characteristics including the maximum tumor diameter at 1 cm increments
for the long-term survival of patients following tumor nephrectomy as determined by multivariate analysis (Cox regression model)

Parameters investigated by multivariate analysis
(Cox regression model)

Patients (n) P Relative risk
(RR)

95% Confidence
interval

Maximum diameter of the primary tumor
(<2 cm vs ‡2 cm)

20/223 n.s. 1.60 0.83 3.09

Age (<60 vs ‡60 years) 125/118 0.161 11.41 4.96 26.25
Lymph node status (N0 vs N+) 227/16 0.000 10.92 5.49 21.72
Presence of distant metastases (M0 vs M+) 213/30 0.000
Maximum diameter of the primary tumor
(<3 cm vs ‡3 cm)

70/173 n.s. 1.65 0.86 3.18

Age (<60 vs ‡60 years) 125/118 0.133 11.79 5.14 27.04
Lymph node status (N0 vs N+) 227/16 0.000 9.63 4.76 19.52
Presence of distant metastases (M0 vs M+) 213/30 0.000
Maximum diameter of the primary tumor
(<4 cm vs ‡4 cm)

113/130 0.108 1.88 0.87 4.07

Age (<60 vs ‡60 years) 125/118 0.199 1.53 0.80 2.95
Lymph node status (N0 vs N+) 227/16 0.000 11.51 5.00 26.45
Presence of distant metastases (M0 vs M+) 213/30 0.000 9.41 4.70 18.82
Maximum diameter of the primary tumor
(<5 cm vs ‡5 cm)

165/78 0.006 2.93 1.37 6.28

Age (<60 vs ‡60 years) 125/118 n.s. 9.56 4.11 22.23
Lymph node status (N0 vs N+) 227/16 0.000 6.67 3.19 13.96
Presence of distant metastases (M0 vs M+) 213/30 0.000
Maximum diameter of the primary tumor
(<6 cm vs ‡6 cm)

190/53 0.023 2.10 1.11 3.99

Age (<60 vs ‡60 years) 125/118 0.177 1.57 0.82 4.04
Lymph node status (N0 vs N+) 227/16 0.000 9.76 4.18 22.75
Presence of distant metastases (M0 vs M+) 213/30 0.000 9.66 4.83 19.30
Maximum diameter of the primary tumor
(<7 cm vs ‡7 cm)

207/36 0.009 2.48 1.26 4.90

Age (<60 vs ‡60 years) 125/118 0.104 1.72 0.90 3.30
Lymph node status (N0 vs N+) 227/16 0.000 11.27 4.85 26.17
Presence of distant metastases (M0 vs M+) 213/30 0.000 8.68 4.29 17.56
Maximum diameter of the primary tumor
(<8 cm vs ‡8 cm)

222/21 0.133 1.82 0.83 4.00

Age (<60 vs ‡60 years) 125/118 0.168 1.58 0.83 3.03
Lymph node status (N0 vs N+) 227/16 0.000 11.69 5.07 26.95
Presence of distant metastases (M0 vs M+) 213/30 0.000 9.74 4.80 19.73

Fig. 1 Long-term survival of
patients classified into group A
(<5 cm) or group B (>5 cm)
according to the maximum
diameter of the primary renal
cell cancer specimens.
Compared with other cutoff
values for tumor size, the
utilization of a 5 cm cutoff best
separated patients with an
excellent or less favorable
prognosis following tumor
nephrectomy (x and y axes:
relative overall survival and
follow-up in months,
respectively)

52



a 5 cm cutoff was associated with the highest relative
risk (2.93) of dying from tumor progression during the
further course of the disease (Table 2).

Discussion

The widespread availability of modern imaging methods
such as ultrasonography and computed abdominal
tomography have led to the diagnosis of RCC at an
earlier stage in the majority of patients. The latter
development has not only improved the clinical prog-
nosis of the patients, but has also allowed new insights
into the natural course of the disease following surgical
treatment. Previously obtained clinical observations
have resulted in a modified TNM classification system of
renal cancer that has changed the cutoff size between T1
and T2 organ-confined RCC from 2.5 to 7 cm [1].
However, it has been subsequently argued that the
classification of all organ-confined tumors up to a
maximum diameter of 7 cm as stage T1 disease would
not appropriately reflect the interindividually different
biological behaviour of RCC that seems to be, at least in
part, correlated to tumor size [6, 7, 8, 9, 13, 18, 20].
Consequently, attempts have been made to divide pa-
tients classified as stage T1 according to the 1997 TNM
classification [1] into subgroups at high and low risk for
tumor progression according to different tumor size
cutoffs.

In one of the largest series reported so far, Gettman
et al. [10] retrospectively analyzed the records of 1,547
surgically treated RCC patients and evaluated the im-
pact of various size cutoffs less than 7 cm on the clinical
prognosis following resection of the tumor-bearing
kidney. Survival differences according to tumor size
were demonstrated for cutoffs of less than 4.5, 4.5–6 and
over 6.6 cm.

An investigation by Krejci et al. [11] included 289
patients subjected to nephron-sparing surgery for T1
disease as determined according to the 1997 TNM
classification. After a follow-up of 5 years, the metas-
tasis-free and cause-specific survival was 94%/97% and
74%/86% for tumors revealing a maximum diameter of
< and >5 cm, respectively. In the present investigation,
patients with organ-confined tumors of >5 cm in max-
imum diameter had a significantly decreased long-term
survival at 5 years following surgery (55%) when com-
pared with the results reported by Krejci et al. However,
this might to due to the inclusion of RCCs exceeding a
diameter of 8 cm (n=21).

In addition to several patient and tumor character-
istics (tumor stage according to the TNM classification
system, histological grade, histological growth pattern,
ECOG performance status, symptoms and application
of immunotherapy for metastatic disease), Zisman et al.
[12] determined the predictive value of 11 tumor size
cutoffs between 1 and 10 cm for the metastasis free and
long-term survival following surgical treatment for
RCC. Whereas a size cutoff of 4.5 cm revealed the

greatest predictive value for metastasis free survival, the
long-term survival of patients with organ-confined tu-
mors of 4.5–7 cm was equal to that of patients har-
bouring T2 disease according to the 1997 TNM
classification. Therefore, it was proposed not to classify
all tumors up to 7 cm uniformly as stage T1 but to better
distinguish two subgroups at low and high risk for tu-
mor progression, respectively.

Delahunt et al. [14] investigated the impact of tumor
size on the clinical prognosis of 116 patients with organ-
confined RCC. They demonstrated that the risk of death
as a result of RCC at 2 and 5 years after surgery was
strongly correlated with the maximum diameter of the
primary tumors. During multivariate statistical analysis,
tumor size correlated well with survival, whereas
Fuhrman grade and proliferative activity as determined
by Ki-67 expression did not [14]. Accordingly, the
independent prognostic value of tumor size for the
clinical prognosis of the patients was confirmed by
multivariate statistical analysis in the present investiga-
tion.

In a recently reported investigation [15] that included
196 patients with one of four heritable forms of RCC
(clear cell in Von Hippel-Lindau disease, hereditary
basophilic papillary, hereditary renal oncocytoma, and
Birt-Hogg Dube oncocytic/chromophobe), metastases
could not be identified if the maximum diameter of the
tumors was less than 3 cm. In accordance with this
observation, our own group demonstrated a strong
correlation between tumor size and the risk for an intra-
adrenal metastatic spread originating from a primary
renal tumor. Whereas the risk for adrenal metastases
was significantly lowered when the primary tumor had a
maximum diameter of <5 cm, in none of the tumors
£ 2.5 cm in size were adrenal metastases detected [21].

Elmore et al. [19] reviewed 544 patients who under-
went radical nephrectomy for the treatment of organ-
confined RCCs. The long-term survival was correlated
to tumor size at 0.5 cm increments for tumor diameters
ranging from 2.5 up to 7 cm. A 5 cm cutoff not only best
separated for 5 year survival, but also predicted the
likelihood of the primary tumor developing non-organ-
confined growth. Although the risk of the presence of
both nodal and distant metastases correlated well with
tumor size, the level of significance for the prediction of
the presence of regional lymph node or distant metas-
tases was not reached for tumors in the 2.5–7 cm range
at any size cutoff analyzed.

A 5 cm cutoff for the maximum diameter of RCC
specimens separated patients at high and low risk of
death from tumor progression most appropriately in our
study. During univariate analysis, the long-term survival
was 91%/86% and 55%/45% at 5 and 10 years
following surgery. However, the present investigation is
one of the very few evaluating the prognostic value of
tumor size for patients diagnosed with RCC by a
multivariate analysis that included different patient and
tumor characteristics such as age, regional lymph node
status and the presence of distant metastases, in addition
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to maximum tumor diameter. Although an independent
prognostic value was also demonstrated for cutoffs at
6.7 and 8 cm, patients whose tumors exceeded the crit-
ical size of 5 cm were characterized by the highest rela-
tive risk for cause-specific death when compared with
those having a tumor diameter of £ 5 cm. Therefore,
the 5 cm cutoff seems to best distinguish between organ-
confined RCCs at high and low risk for the development
of tumor progression during the further course of the
disease. Recognizing the outcome of our univariate
analysis that identified a significant predictive value for
any cutoff size evaluated, the present study clearly
demonstrates that the determination of a cutoff value
that most appropriately subdivides RCC patients not
harbouring extrarenal tumor growth into groups at low
and high risk for disease progression requires multivar-
iate statistical evaluations. Taking this point into con-
sideration, the latest modification of the TNM
classification system [2] should be critically evaluated.
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