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Purpose: A recent multi-institutional analysis of 995 patients treated for renal
cell cancer questioned the relationship between tumor size and the synchronous
metastasis rate. We revisited the hypothesis that metastatic potential is unre-
lated to tumor size.
Materials and Methods: We tested the relationship between tumor size and
synchronous metastasis in 22,204 patients with T1a and T1b renal cell cancer
diagnosed and/or treated with nephrectomy for clear cell, papillary or chromo-
phobe histological subtypes in 1 of 9 Surveillance, Epidemiology and End Results
registries between 1988 and 2004.
Results: In the study population the synchronous metastasis rate was 9.6%,
including 5.6% vs 14.2% for T1a vs T1b. Stratification by 1 cm tumor size
intervals revealed that the rate increased with increasing tumor size, that is 4.8%
at 1.0 cm or less, 4.2% at 1.1 to 2.0 cm, 4.9% at 2.1 to 3.0 cm, 7.1% at 3.1 to 4.0
cm, 12.1% at 4.1 to 5.0 cm, 13.3% at 5.1 to 6.0 cm and 18.4% 6.1 to 7.0 cm
(chi-square trend p �0.001). Cubic spline analysis showed that tumor size was
virtually linearly related to the synchronous metastasis rate. Stratification by
histological subtype in patients treated with nephrectomy revealed that clear cell
renal cell cancer was most frequently associated with synchronous metastasis.
Finally, tumor size was an independent predictor of synchronous metastasis in
multivariate regression models adjusted for age, gender, histological subtype and
year of diagnosis quartiles.
Conclusions: Our study confirms that tumor size is an important determinant of
the likelihood of synchronous metastasis in patients with T1a and T1b renal cell
cancer. The synchronous metastasis rate directly increases with increasing tu-
mor size. Even patients with small renal masses are at risk for synchronous
metastasis and patients with clear cell renal cell cancer are at highest risk.
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THE natural history of small renal
masses was generally believed to be
closely related to tumor size.1–4 How-

ever, recently Klatte et al examined a
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multi-institutional database of 995
patients treated with nephrectomy for
all RCC stages and reported that tu-

mor size is unrelated to the SM rate.5
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We revisited the hypothesis that metastatic po-
tential is unrelated to tumor size. We relied on the
SEER database, which represents a large popula-
tion based tumor registry. Fewer selection biases
are operational in the SEER database than in multi-
institutional databases from large-scale tertiary
centers, as in the report by Klatte et al.5 Moreover,
the SEER database includes not only patients
treated with nephrectomy, but also data on pa-
tients unexposed to surgery, obviating the surgi-
cal selection bias, which may favor nonmetastatic
cases.

MATERIALS AND METHODS

Patient Population

Patients diagnosed with RCC between 1988 and 2004
were identified in 9 SEER cancer registries, including the
Atlanta, Detroit, San Francisco-Oakland and Seattle-
Puget Sound metropolitan areas, and Connecticut, Ha-
waii, Iowa, New Mexico and Utah.6 Two kidney cancer
diagnostic codes (ICD-Oncology-2 code C64.9 and ICD-
Oncology-9 code 189.0) served as study inclusion criteria.
The presence of the 2 diagnostic codes resulted in the
identification of patients with RCC and the exclusion of
those with upper tract transitional carcinoma or noncor-
tical renal tumors, ie melanoma, sarcoma, nephroblas-
toma and lymphoma. Surgically and nonsurgically man-
aged stage T1a and T1b RCC cases were included in our
analysis. Due to differences in the natural history of un-
classified, sarcomatoid and collecting duct RCC those HSs
were excluded from analysis. Only clear cell, chromophobe
and papillary RCC were included. Histological subtyping
was only applied to surgically managed cases. Since HS
was not analyzed in nonsurgically managed cases, we
performed all analyses in the entire population. Subse-
quently all analyses were repeated in patients who under-
went nephrectomy. In those analyses HS served as a co-
variate. SM at RCC diagnosis was defined according to
SEER stage.

Statistical Analysis

Statistical analysis was done with the chi-square and
Student t test to compare proportions and means, respec-
tively. Cubic spline analysis was used to graphically show
the relationship between tumor size and SM rate. The
advantage of cubic spline analysis is the lack of a prede-
termined relationship between tumor size and SM rate.
For example, a linear or exponential relationship is not
assumed. Instead, the relationship between tumor size
and SM is entirely data driven. Finally, we used multivar-
iate logistic regression models to test the relationship
between the metastatic RCC rate and tumor size. Covari-
ates were gender, age, race, histological subtypes and year
of diagnosis quartiles. All statistical tests were performed
with S-PLUS® Professional, version 1 or SPSS®, version
15.0 using 2-sided tests with significance considered at

0.05.
RESULTS

Selection criteria identified 22,204 patients diag-
nosed with RCC between 1988 and 2004, of whom
19,735 (88.9%) were treated with nephrectomy and
2,469 (11.1%) were treated nonsurgically. Overall
61.7% of patients were male and 83.7% were white.
Mean age at diagnosis was 63.3 years (median 65.0,
range 18 to 100). Mean tumor size was 4.1 cm (me-
dian 4.0, range 0.1 to 7.0). Of all cases 53.3% were
T1a and 46.7% were T1b, and 92.3% harbored clear
cell HS. Of the patients 32.8% were diagnosed with
RCC between 2001 and 2004.

Of the patients 2,136 (9.6%) and 20,068 (90.4%)
did and did not have SM, respectively. The RCC
metastatic rate was 5.6% in T1a cases and 14.1%
in T1b cases (p �0.0001, table 1). After tabulation
by 1 cm tumor size intervals the SM rate was 4.8%
at 1.0 cm or less, 4.2% at 1.1 to 2.0 cm, 4.9% at 2.1
to 3.0 cm, 7.1% at 3.1 to 4.0 cm, 12.1% at 4.1 to 5.0
cm, 13.3% at 5.1 to 6.0 cm and 18.4% 6.1 to 7.0 cm
(chi-square trend p �0.001, fig. 1, A). When pa-
tients were stratified by SM presence vs absence,
statistically significant differences were recorded
in age (mean 67.1 years, median 68.0, range 23 to
100 vs mean 62.9, median 64.0, range 18 to 100)
and tumor size (mean 4.9 cm, median 5.0 vs mean and
median 4.0 cm, Student’s t test each p �0.001). Males
had a higher SM rate than females (10.2% vs 8.7%,
chi-square test p �0.001). SM stratification by HS
revealed a rate of 4.5% for clear cell RCC vs 2.1% for
papillary RCC vs 0.6% for chromophobe RCC
(p �0.001). The highest proportion of patients with
SM (11.1%) was observed in the most historical year
quartile (1988 to 1992) (chi-square test p �0.001).
Moreover, when data were stratified by surgical or
nonsurgical management, important differences in
the SM rate were recorded. In surgically managed
cases the rate by 1 cm tumor intervals was 2.2% to
9.1% (chi-square trend p �0.001, fig. 1, B). Con-
versely in nonsurgically managed cases the rate was
12.3% to 74.7% (chi-square test p �0.001, fig. 1, C).
In patients treated surgically vs nonsurgically mean
age was 62.3 (median 64.0, range 18 to 97) vs 71.3
years (median 73.0, range 23 to 100) and mean tu-
mor size was 4.1 cm (median 4.0) vs 4.3 (median 4.3,
Student’s t test each p � 0.001).

Figure 2, A shows cubic spline analysis of the
tumor size-SM rate relationship in the overall pop-
ulation. The curve of this relationship approximated
a linear relationship. Tumor size was virtually di-
rectly proportional to the SM rate. The slope of the
cubic spline was least pronounced for 0.1 to 2 cm
lesions and became steeper for 2.1 to 7 cm lesions.
When data were stratified by surgical or nonsurgical
treatment, the cubic spline pattern remained virtu-
ally unchanged (fig. 2, B and C). In patients treated

with nephrectomy the cubic spline could be super-
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imposed on that of the overall population. In non-
surgically managed cases the initial part of the
curve was steeper than in surgically managed
cases, indicating a more increased SM rate. More-
over, in nonsurgically treated patients with 0 to 2
cm lesions the curve shifted upward, reflecting the
overall higher SM rate in this subgroup. The y
axis scale shifted upward in patients treated non-
surgically since the rate of SM was higher in this
subgroup (fig. 2, C).

Stratification of the SM rate according to HS in
19,735 surgically treated patients revealed that
clear cell RCC HS was most frequently associated
with SM for the T1a and T1b subtypes (table 2). For
example, the rate was 2.3% vs 1.3% vs 1.0% in
patients with T1a clear cell vs papillary vs chromo-
phobe RCC (p �0.001). Similar findings were re-
corded for T1b lesions, that is 6.8% vs 3.6% vs 0% for
clear cell vs papillary vs chromophobe RCC.

Finally, multivariate logistic regression models
were used to test the effect of tumor size, age, gen-
der, race, histological subtype and year of diagnosis
quartiles on the SM rate (table 3). Two separate
multivariate analyses were performed. One analysis
focused on all patients and excluded HS from covari-
ates, and the other focused on surgically treated
patients and included HS among covariates (table

Table 1. Descriptive characteristics of entire study population of 2

No. Pts No. No SM (%) No. SM (%) p Valu

Gender:
M 13,704 12,309 (89.8) 1,395 (10.2)
F 8,500 7,759 (91.3) 741 (8.7)

Race:
White 18,604 16,790 (90.2) 1,814 (9.8)
Other 3,600 3,278 (91.1) 322 (8.9)

Tumor size intervals (cm):
0.1–1.0 483 460 (95.2) 23 (4.8)
1.1–2.0 2,272 2,176 (95.8) 96 (4.2)
2.1–3.0 4,422 4,206 (95.1) 216 (4.9)
3.1–4.0 4,663 4,334 (92.9) 329 (7.1)
4.1–5.0 4,115 3,618 (87.9) 497 (12.1)
5.1–6.0 3,430 2,973 (86.7) 457 (13.3)
6.1–7.0 2,819 2,301 (81.6) 518 (18.4)

HS:*
Clear cell 18,222 17,405 (95.5) 817 (4.5)
Papillary 1,195 1,170 (97.9) 25 (2.1)
Chromophobe 318 316 (99.4) 2 (0.6)

T stage:
T1a 11,840 11,176 (94.4) 664 (5.6)
T1b 10,364 8,892 (85.8) 1,472 (14.2)

Treatment:
Surgery 19,735 18,891 (95.7) 844 (4.3)
No surgery 2,469 844 (47.7) 1,292 (52.3)

Diagnosis yr (quartile):
1988–1992 4,757 4,230 (88.9) 527 (11.1)
1993–1996 4,617 4,178 (90.5) 439 (9.5)
1997–2000 5,551 4,999 (90.1) 552 (9.9)
2001–2004 7,279 6,740 (92.6) 539 (7.4)

* In 19,735 patients treated with nephrectomy.
3). On each analysis tumor size was modeled as a
categorically coded variable or as a cubic spline. In
all 4 models tumor size was an independent predic-
tor of SM (each p �0.001). Also, age (p �0.05), gen-
der (p �0.001) and year of diagnosis quartiles
(p �0.05) achieved independent predictor status in
all 4 models. HS achieved independent predictor
status in surgically treated patients (p � 0.002).
Papillary and chromophobe RCC had a protective
effect on the SM rate relative to clear cell RCC.

DISCUSSION

Our hypothesis stated that tumor size is unrelated
to the rate of SM and it originated from the report by
Klatte et al.5 They examined the SM rate in a pop-
ulation of 995 patients with small RCC treated with
nephrectomy at 1 of 5 tertiary care centers in Eu-
rope or the United States and found no association
between tumor size and SM rate.

We revisited this relationship in a population of
22,204 patients with RCC diagnosed and treated
in 1 of 9 SEER registries between 1988 and 2004.
Our findings reject the hypothesis that tumor size
is unrelated to SM rate. Instead, tumor size was
virtually linearly related to SM rate. Linear rela-
tionship CIs were relatively wide, especially for
small tumors. Moreover, the clear cell RCC HS

patients diagnosed with RCC and those with vs without SM

uare test) No. Surgery (%) No. No Surgery (%) p Value (chi-square test)

1 0.3
12,202 (89.0) 1,502 (11.0)
7,533 (88.9) 967 (11.1)

�0.001
16,601 (89.2) 2,003 (10.8)
3,134 (87.1) 466 (12.9)

1 �0.001
362 (74.9) 121 (25.1)

2,035 (89.6) 237 (10.4)
4,035 (91.2) 387 (8.8)
4,230 (90.7) 433 (9.3)
3,608 (87.7) 507 (12.3)
3,046 (88.8) 384 (11.2)
2,419 (85.8) 400 (14.2)

1 Not applicable
18,222 —
1,195 —

316 —
1 �0.001

10,062 (90.1) 1,178 (9.9)
9,073 (87.5) 1,291 (12.5)

1 Not applicable
— —
— —

1 0.03
4,215 (88.6) 542 (11.4)
4,071 (88.2) 546 (11.8)
4,916 (88.6) 635 (11.4)
6,533 (89.8) 746 (10.2)
2,204

e (chi-sq

�0.00

0.13

�0.00

�0.00

�0.00

�0.00

�0.00
was associated with the highest SM rate compared
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to papillary and chromophobe HS rates. Impor-
tant stage migration occurred during the study
period. To address this effect we tabulated the SM
rate by year of diagnosis quartiles and noted that
the rate decreased from 11.1% to 7.4%. Moreover,
we added the year of diagnosis variable in multi-
variate models predicting the odds of SM after
adjustment for all other covariables. In these mul-
tivariate models the coefficients indicating the
odds of SM did not change absolute or relative
value in meaningful fashion. Old age predisposed
to a higher SM rate, most likely due to diagnostic
and investigational conservatism in elderly pa-
tients. The protective effect of female gender on
stage distribution is consistent with the results of
Woldrich et al, who noted that females had a
higher localized stage RCC rate.7

Our findings corroborate the generally estab-
lished notion that tumor size predicts RCC meta-
static potential. The association between tumor size
and the SM rate was previously examined by Kara-
kiewicz et al in a multi-institutional database from 5
European tertiary centers8 and by Hutterer et al in
a multi-institutional database from 11 European
and North American centers of excellence.9 In this

Figure 1. Synchronous metastasis rates by 1 cm tumor size inter
treated with nephrectomy (B) and 2,469 treated nonsurgically (
report the investigators also found a virtually linear
relationship between tumor size and the SM rate.
Unlike in the current series, their analysis focused
on all RCC stages. Although no other investigators
confirmed the relationship between tumor size
and the SM rate for T1a or T1b stage RCC, several
other groups examined the effect of tumor size on
the recurrence10,11 or mortality12,13 rate. In those
reports tumor size was directly related to RCC
recurrence or RCC specific mortality. For exam-
ple, the UCLA group recently confirmed the prog-
nostic impact of tumor size on RCC specific sur-
vival in T2 RCC cases.14 That group also reported
that tumor size predicts RCC specific survival in T3
RCC cases.15

The reason for the lack of agreement between our
findings and those of the UCLA group5 regarding the
effect of tumor size on the SM rate of T1a tumors may
be at least 2-fold. 1) Sample size in the UCLA analysis
(995 patients) was relatively small, especially when
stratification was performed according to 1 cm tumor
size intervals and the population was divided into 4
subgroups. 2) The tertiary care center nature of par-
ticipating institutions may have introduced a referral
bias. Under this premise patients with large primary
but nonmetastatic tumors might have been overrepre-

overall population of 22,204 patients (A), and subsets of 19,735
chi-square.
vals in
sented, which may have artificially lowered the SM
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rate in patients with large T1a lesions. It is common to
refer cases of large nonmetastatic primary tumors for
surgery to tertiary care centers. The population based
nature of our sample and the inclusion of nonsurgi-
cally managed cases eliminated the potential effect of
surgical referral bias.

Our study has limitations. 1) The extent of the
diagnostic evaluation may have differed among pa-

Figure 2. Cubic spline analysis shows relationship of tumor size
of 19,735 treated with nephrectomy (B) and 2,469 treated nonsu
represent 95% CI.

Table 2. SM by HS and T stage in 19,735 patients
with nephrectomy

T Stage

No./Total No. (%)*

Clear Cell Papillary Chromophobe

T1a 227/9,630 (2.3) 11/813 (1.3) 2/219 (0.9)
T1b 590/8,592 (6.8) 14/382 (3.6) 0/99

Overall 817/18,222 (4.5) 25/1,195 (2.1) 2/318 (0.6)
* Chi-square test p �0.001.
tients. Some may have undergone more detailed radio-
graphic and/or scintigraphic assessments than others.
For example, some cases may have been staged with
chest x-ray alone vs others with computerized tomog-
raphy of the chest. The SM rate may be substantially
higher using the latter modality. Similarly some pa-
tients with bone pain may have been assessed with
bone scans vs others with skeletal surveys and com-
puterized tomography. It is known that osteolytic me-
tastases may be under diagnosed by bone scan. It is
also possible that the cohort of Klatte et al was not
assessed in fully standardized fashion.5 2) Our patient
population was restricted to individuals with histolog-
ically confirmed RCC. In everyday clinical practice the
association between tumor size and SM may be pre-
dominantly applied to patients without a histologically
confirmed RCC diagnosis. However, as many as 25% of

rate in overall population of 22,204 patients (A), and in subsets
(C). Bold curve represents logistic regression line. Dotted lines
and SM
rgically
small renal masses consist of angiomyolipoma, onco-
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cytoma and adenoma.16 Under that premise the pro-
portion of patients with benign histology may lower
the overall SM rate. Similarly we focused only on clear
cell, papillary and chromophobe HSs. A small propor-
tion of solid masses may harbor unclassified17 or col-

Table 3. Multivariate logistic regression models of effect
of tumor size and other covariables on SM rates

Variable

Tumor Size Odds Ratio (p value)

As Cubic Spline Categorically

Overall 22,204 pts*

Tumor size (cm): 1.04 (�0.001) —
— (�0.001)

0.1–1.0 vs 6.1–7.0 0.21 (�0.001)
1.1–2.0 vs 6.1–7.0 0.21 (�0.001)
2.1–3.0 vs 6.1–7.0 0.23 (�0.001)
3.1–4.0 vs 6.1–7.0 0.35 (�0.001)
4.1–5.0 vs 6.1–7.0 0.60 (�0.001)
5.1–6.0 vs 6.1–7.0 0.69 (�0.001)

Gender (female vs male) 0.80 (�0.001) 0.80 (�0.001)
Race (other vs white) 1.00 (0.9) 0.99 (0.9)
Diagnosis yr (quartiles): (�0.001) (�0.001)

1993–1996 vs 1989–1992 0.94 (0.09) 0.88 (0.07)
1997–2000 vs 1989–1992 0.99 (0.9) 0.97 (0.6)
2001–2004 vs 1989–1992 0.77 (�0.001) 0.74 (�0.001)

19,735 Pts with nephrectomy†

Tumor size (cm): 1.04 (�0.001) —
— (�0.001)

0.1–1.0 vs 6.1–7.0 0.22 (�0.001)
1.1–2.0 vs 6.1–7.0 0.17 (�0.001)
2.1–3.0 vs 6.1–7.0 0.20 (�0.001)
3.1–4.0 vs 6.1–7.0 0.33 (�0.001)
4.1–5.0 vs 6.1–7.0 0.52 (�0.001)
5.1–6.0 vs 6.1–7.0 0.76 (0.008)

Gender (female vs male) 0.63 (�0.001) 0.62 (�0.001)
Race (other vs white) 0.88 (0.43) 0.88 (0.2)
HS: (0.002) (0.002)

Papillary vs clear cell 0.52 (0.003) 0.51 (0.002)
Chromophobe vs clear cell 0.09 (0.02) 0.09 (0.02)

Diagnosis yr (quartiles): (0.02) (0.009)
1993–1996 vs 1989–1992 0.71 (0.001) 0.70 (0.001)
1997–2000 vs 1989–1992 0.87 (0.2) 0.85 (0.11)
2001–2004 vs 1989–1992 0.83 (0.07) 0.81 (0.03)

* Age coded continuously OR 1.03 (p �0.001).
† Age continuously coded OR 1.01 (p � 0.05).
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This review using the SEER database reconfirms an
observation made from autopsy data in the last cen-
tury, that is that primary RCC size is proportional to
the likelihood of metastasis. Although some recent
studies questioned this finding, these authors recon-
firm the original observation in a rather convincing
manner.

There are clearly a number of limitations to this
study and the authors address most of them. There
is no central pathological evaluation, no standard
metastatic assessment, a bias toward surgical cases
helpful in supporting the initial findings. With that
said, the take-home message is that size is propor-
tional to metastasis and clear cell carcinoma has a
higher SM incidence than papillary carcinoma. I
would not be willing to make any assessment with
reference to chromophobe renal carcinoma without a
standardized pathological evaluation.

W. Scott McDougal

Department of Urology
Harvard Medical School

Massachusetts General Hospital

and a lack of long-term followup, which would be Boston, Massachusetts
We agree that the SEER database lacks some im-
portant information which would have strengthened
our results. Despite its limitations, our study corrob-
orates the findings from a large, tertiary care Euro-
pean cohort (5,376 patients), which showed similar
results regarding the rate of synchronous metasta-
sis (reference 9 in article). In that study a nomogram
was developed and the presence of a 2.5 cm tumor
(T1a) was associated with a predicted 3.0% risk of
synchronous metastasis. Similarly, in patients with
T1b RCC the presence of a 6.5 cm lesion was asso-
ciated with a 5.8% risk of synchronous metastasis.
synchronous metastasis rates among surgically
treated patients in the SEER database with T1a and
T1b tumors, respectively. These findings at least
partially confirm the validity of the nomogram pre-
dicting metastatic RCC that was developed and ex-
ternally validated in a European cohort (reference 9
in article). Moreover, they also confirm that the met-
astatic potential of small renal masses is similar on
both sides of the Atlantic. However, it is noteworthy
that the synchronous metastasis rates in these 2
studies are significantly higher than those recently
reported by Thompson et al in a single institution,
These observations are similar to the 2.3% and 6.7% tertiary care center study.1
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