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Abstract

Purpose  Adjuvant therapies for non-metastatic renal cell
carcinoma (nmRCC) are being tested to improve outcomes
in patients with high-risk (hR) nmRCC. The objective of
the current study is to test the ability of three hR features to
identify patients who are at the highest risk of cancer-spe-
cific mortality (CSM) after partial or radical nephrectomy.
Methods Within the Surveillance Epidemiology and
End Results (SEER) database (1988-2013), we identified
23,632 nm “clear cell” RCC partial or radical nephrectomy
patients with hR features: Fuhrman grade (FG) 3 or 4 or
pathological classifications T3a or T3b or lymph node inva-
sion (LNI), or combination of these. Kaplan—Meier analyses
(KM) and multivariable Cox’s regression models (CRM)
evaluated the effect of hR features on CSM.
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Results  Overall 11,568 (48.9%) patients harbored FG3-4,
5575 (23.6%) pT3a/b, 140 (0.6%) LNI, 5366 (22.7%) FG3-4
and pT3a/b, 183 (0.8%) LNI and pT3a/b, 203 (0.9%) LNI
and FG3-4 and 597 (2.5%) LNI, FG3-4 and pT3a/b. Median
CSM-free survival was 51, 58 and 22 months for LNI and
pT3a/b, for LNI and FG3-4 and for LNI, FG3-4 and pT3a/b
and was not reached for the other groups. These results
remained unchanged in multivariable CRMs, where all hR
features represented independent predictors.

Conclusions Individuals with combination of LNI with
FG3-4 or pT3a/b and patients with all three hR features are
at highest risk of CSM. In consequence, these patients may
represent ideal candidates for adjuvant therapy either in
clinical practice or future prospective trials.

Keywords Clear cell - Kidney cancer - Non-metastatic
renal cell carcinoma - Adjuvant therapy - Targeted
molecular therapy

Introduction

Of patients treated with partial or radical nephrectomy for
non-metastatic renal cell carcinoma (nmRCC), 24-47%
were considered high risk (hR) according to the authors of
the CORONA study [1]. Within that study, hR was defined
according to TNM classification, Fuhrman Grade (FG),
histological subtype and tumor size. Others [2] defined hR
features as tumor size > 5 cm, presence of necrosis and path-
ological classification > pT2. Regardless of the tumor clas-
sification used, hR nmRCC patients have invariably shown
worse cancer control outcomes than their non-hR counter-
parts. However, the reported cancer control outcomes are
highly variable according to hR feature type and/or combina-
tion of two or three concomitant hR features.
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In consequence, the individual and/or combined effect
of hR feature(s) on cancer-specific mortality (CSM) require
a reappraisal, especially in the context of one contempo-
rary randomized control trial that showed disease-free sur-
vival (DFS) benefit with the use of adjuvant sunitinib after
nephrectomy relative to placebo [3]. Specifically, it may be
hypothesized that one hR feature or a combination of multi-
ple hR features may identify patients that could benefit the
most of adjuvant therapy after nephrectomy. In consequence,
the aim of this study was to quantify the absolute CSM rates
for specific hR feature subgroups.

Materials and methods

The current study relied on the Surveillance Epidemiol-
ogy and End Results (SEER) database. The SEER database
approximately represents a 26% sample of the US population
and approximates the United States in terms of demographic
composition, as well as of cancer incidence and mortality
[4].

In the SEER database, we focused on subjects over
18 years old, diagnosed between 1988 and 2013 with his-
tologically confirmed RCC [International Classification
of Disease for Oncology (ICD-0O-3), site code C64.9]. All
were treated with partial or radical nephrectomy. The hR
pathological features were defined as FG3-4 or pathologi-
cal classifications T3a/b, or LNI (pN1) or a combination of
these. Only patients with clear cell histology were consid-
ered (histologic code 8310 and 8312) [5]. Exclusion criteria
consisted of bilateral RCC, metastatic disease (M1), T3¢c/T4
classifications and unknown FG, lymph node status, T or M
classifications. This resulted in 23,632 assessable patients.
CSM was defined according to the SEER mortality code
(code 29020).

Variable definition and statistical analyses

Data on age, American Joint Committee on Cancer (AJCC)-
based 7, N, and M stages [6] were acquired at the time of
diagnosis. Additional variables consisted of race (African
Americans, White and other), marital status (married,
unmarried, unknown), gender and year of surgery. Medi-
ans and interquartile ranges, as well as frequencies and
proportions were reported for continuous and categorical
variables, respectively. The statistical significance of dif-
ferences in medians and proportions was evaluated with the
Kruskal-Wallis and Chi-square tests.

The outcome of interest was CSM. Kaplan—Meier anal-
yses [7] evaluated CSM rates. Univariable and multivari-
able Cox regression models (CRM) tested for differences in
CSM [8]. Covariates were age, ethnicity, gender and marital
status. All statistical tests were two-sided with a level of
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significance set at p < 0.05. Analyses were performed using
the R software environment for statistical computing and
graphics (version 3.3.0; http://www.r-project.org/).

Results

Overall, we identified 23,632 patients with at least one hR
feature and clear cell histology from among 40,374 patients
with nmRCC treated with nephrectomy (Table 1). Median
age at diagnosis was 62 years (range 53-70). Most were
male (15,804; 66.9%), married (15,287; 64.7%) and Cauca-
sian (20,042; 84.8%). Most underwent radical nephrectomy
(20,165; 85.3%).

A single hR feature was reported in 17,283 (73.1%)
patients: pT3a/b in 5575 (23.6%), FG3-4 in 11,568 (48.9%)
and LNI in 140 (0.6%), respectively. A combination of two
hR features was reported in 5752 (24.4%) of patients. Of
these, 5366 (22.7%) harbored FG3-4 and pT3a/b, 183 (0.8%)
LNI and pT3a/b and 203 (0.9%) LNI and FG3-4. The com-
bination of the three hR features was reported in 597 (2.5%)
patients.

Median CSM-free survival was 51, 58 and 22 months for
patients with LNI and pT3a/b, LNI and FG3-4 and combina-
tion of LNI, FG3-4 and pT3a/b, respectively. Median CSM-
free survival was not reached for all other groups (Fig. 1).

In univariable CRMs, all hR features reached statisti-
cal significance for prediction of CSM. In multivariable
CRMs, all hR features reached independent predictor sta-
tus (Table 2) and the three highest hazard ratios (HR) were
recorded in patients with combination of LNI, pT3a/b and
FG3-4 diseases (HR 9.88); LNI and FG3-4 (HR 5.27); and
LNI and pT3-4 (HR 4.89), respectively. The third, second
and lowest HRs were recorded in patients with the combina-
tion of pT3a/b and FG3-4 (HR 2.98), LNI only (HR 2.86)
and pT3a/b only (HR 1.36), respectively. Unknown marital
status and gender failed to reach the level of significance.
Older age exerted a detrimental effect on CSM (HR 1.02).
Conversely, more contemporary-treated patients exhibited
lower CSM rates (HR 0.96). Finally, black and unmarried
patients experienced worse CSM outcomes (HR 1.18/1.15).

Discussion

Nm clear cell RCC patients with one or several hR features
are at highest risk of CSM after partial or radical nephrec-
tomy. In that regard, adjuvant systemic strategies are being
evaluated and four trials have been reported conflicting
results. Specifically, the ASSURE (sunitinib or sorafenib
vs. placebo) [9], the ARISER (girentuximab vs. placebo)
[10] and the PROTECT (pazopanib vs. placebo) [11] trials
reported negative DFS findings with respect to the addition
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Table 1 Clinical and pathological characteristics of 23,632 patients treated with radical or partial nephrectomy

Variables Patient population (%)
Overall, n = 23 632 (100) Patients with one RF Patients with two RF Patients with three RF
n=17,283 (73.1) n=>5752 (24.4) n=>597(2.5)

Age at diagnosis (years)

Mean (median) 61.4 (62) 61 (61) 62.7(63) 61.2 (62)

IQR 53-70 53-70 55-71 52-70

SD +12.13 +12.23 +11.59 +13.37
Gender

Female 7828 (33.1) 5934 (34.3) 1721 (29.9) 173 (29.0)

Male 15,804 (66.9) 11,349 (65.7) 4031 (70.1) 424 (71.0)
Year of diagnosis

Mean 2006.2 2006.3 2006.3 2003.6

Median 2007 2007 2007 2004

IQR 2003-2010 2003-2010 2003-2011 2000-2009
Marital status

Married 15,287 (64.7) 11,142 (64.5) 3753 (65.2) 392 (65.7)

Unmarried 7434 (31.5) 5432 (31.4) 1809 (31.5) 193 (32.3)

Unknown 911 (3.8) 709 (4.1) 190 (3.3) 12 (2.0)
Race

White 20,042 (84.8) 14,570 (84.3) 4970 (86.4) 502 (84.1)

Black 1885 (8.0) 1463 (8.5) 373 (6.5) 49 (8.2)

Other 1705 (7.2) 1250 (7.2) 4009 (7.1) 46 (7.7)
Type of nephrectomy

Radical 20,165 (85.3) 14,125 (81.7) 5450 (94.7) 590 (98.8)

Partial 3467 (14.7) 3158 (18.3) 302 (5.3) 7(1.2)
Pathological stage

pTla 4516 (19.1) 4488 (26.0) 28 (0.5) -

pTlb 4387 (18.6) 4326 (25.0) 61 (1.1) -

pT2a 2042 (8.6) 1982 (11.5) 60 (1.0) -

pT2b 966 (4.1) 912 (5.3) 54 (0.9) -

pT3a 9893 (41.9) 4721 (27.3) 4745 (82.5) 427 (71.5)

pT3b 1828 (7.7) 854 (4.9) 804 (14.0) 170 (28.5)
Fuhrman grade

Gl 837 (3.6) 818 (4.7) 19 (0.3) 0(0.0)

G2 5061 (21.4) 4897 (28.3) 164 (2.9) 0(0.0)

G3 14,969 (63.3) 10,259 (59.4) 4332 (75.3) 378 (63.3)

G4 2765 (11.7) 1309 (7.6) 1237 (21.5) 219 (36.7)
Lymph nodes status

NO 22,509 (95.2) 17,143 (99.2) 5366 (93.3) 0(0.0)

N1 1123 (4.8) 140 (0.8) 386 (6.7) 597 (100)
High-risk feature(s)

pT3a/b, G1/2, NO 5575 (23.6) 5575 (32.3) - -

G3/4, pT1/2, NO 11,568 (48.9) 11,568 (66.9) - -

N1, pT1/2, G1/2 140 (0.6) 140 (0.8) - -

pT3a/b + G3/4 5366 (22.7) - 5366 (93.3) -

pT3a/b + N1 183 (0.8) - 183 (3.2) -

G3/4 + N1 203 (0.9) - 203 (3.5) -

T3a/b + G3/4 + N1 597 (2.5) - - 597 (100)

IQR interquartile range, RF risk factor(s), SD standard deviation
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Fig. 1 Kaplan—Meier plots of CSM-free survival in 23,632 patients
treated with radical or partial nephrectomy according to the presence
of one or several high-risk features. CSM cancer-specific mortality,
FG Fuhrman grade, LNI lymph node invasion

of adjuvant therapy in the context of hR nmRCC treated
with nephrectomy. Conversely, the S-TRAC trial [3] reported
a DFS benefit with adjuvant sunitinib after nephrectomy.

Some of the controversy surrounding these conflicting
results originates from differences in agents tested, from dif-
ferences in pathological characteristics of enrolled patients
with associated CSM risk [12] and from differences in study
designs. Specifically, patients enrolled in the ASSURE trial,
as well in the S-TRAC and in the PROTECT trials received
adjuvant vascular endothelial growth factor receptor-tyrosine
kinase inhibitors (VEGFR-TKI: sunitinib, sorafenib or pazo-
panib) after PN or RN. Conversely, patients enrolled in the
ARISER trial were treated with girentuximab, a monoclonal
antibody of the carbonic anhydrase IX. Moreover, the num-
ber of patients enrolled in the four trials was also consider-
ably different: 619 in the S-TRAC vs. 864 in the ARAISER
vs. 1538 in the PROTECT vs. 1943 in the ASSURE trial,
respectively. The four trials also differed regarding histology
RCC sub-types. In particular, S-TRAC and PROTECT trials
only included clear cell nmRCC. Conversly, ASSURE and
ARISER trials also included 21 and 6% of non-clear cell
nmRCC patients, respectively. Finally, S-TRAC trial only
relied on central radiology review for disease-free status.
Conversely, in the ASSURE, in the ARISER and in the
PROTECT trials, this assessment was performed by inves-
tigators only.

Based on this controversy we decided to analyze the
effect of hR features on CSM in order to individualize the
best candidates to adjuvant therapy. We hypothesized that

Table 2 Univariable and
multivariable cox regression

Variables

Univariable CRM

Multivariate CRM

models (CRM) predicting the HR (95% CI) P value HR (95% CI) P value
cancer-specific mortality in
23,632 patients treated with Risk features
partial or radical nephrectomy, G3/4 Ref. Ref.
according to clinical and T3a/b 1.5 (1.43-1.68) <0.001 1.36 (1.25-1.48) <0.001
pathological characteristics
stratified by pathological risk N1 3.13 (2.40-4.09) <0.001 2.86 (2.18-3.74) <0.001
features G3/4 + T3a/b 3.15(2.93-3.39) <0.001 2.98 (2.76-3.20) <0.001
T3a/b + N1 6.00 (4.93-7.30) <0.001 4.89 (4.01-5.96) <0.001
G3/4 + N1 5.95 (4.88-7.26) <0.001 5.27 (4.32-6.44) <0.001
T3a/b +G3/4 + N1 11.26 (10.01-12.61) <0.001 9.88 (8.81-11.09) <0.001
Age at diagnosis 1.020 (1.018-1.023) <0.001 1.02 (1.017-1.022) <0.001
Year of surgery 0.95 (0.94-0.95) <0.001 0.96 (0.95-0.96) <0.001
Gender
Male Ref. Ref.
Female 0.98 (0.92-1.04) 0.4 0.96 (0.90-1.03) 0.2
Race
White Ref. Ref.
Black 1.03 (0.93-1.15) 0.6 1.18 (1.06-1.32) 0.002
Other 0.92 (0.82-1.03) 0.2 0.91 (0.82-1.02) 0.09
Marital status
Married Ref. Ref.
Unmarried 1.16 (1.09-1.23) <0.001 1.15 (1.08-1.23) <0.001
Unknown 0.83 (0.69-0.98) 0.03 0.9 (0.7-1.1) 0.2
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hR nmRCC patients treated with nephrectomy may display
a large array of phenotypes with respect to CSM risk and
that one of these three characteristics or one of their combi-
nations may emerge as a predictor of particularly elevated
CSM after nephrectomy.

Several noteworthy findings emerged. First, patients with
a combination of all three hR features, namely pT3a/b, FG3-
4, and LNI, exhibited the highest CSM (median 22 months).
They may represent ideal candidates for adjuvant therapy,
if such therapy is selected. Alternatively, such individuals
represent ideal candidates for inclusion in future adjuvant
clinical trials. Inclusion of such hR patients would maximize
the potential of such studies to not only demonstrate DFS
benefits but also maximize the potential for reporting overall
survival benefits. However, such individuals accounted for
only 2.5% of hR patients and for even lower proportion of
all nephrectomies when non-hR patients are also included.
This emphasizes their rarity in every day clinical practice
even at high volume tertiary care centers. For example, when
approximatively 200 nephrectomies are performed annually,
individuals with all three features would account for 2.5% or
5 cases annually if all nephrectomies were performed for hR
RCC. In the CORONA study, up to 47% of nephrectomies
were performed for hR RCC. This implies that at most 3 of
200 nephrectomy patients were harbored hR features [1].

Second, we identified patients with the combination of
two hR features (LNI and FG3-4 or pT3a/b). These indi-
viduals exhibited lower, nonetheless highly appreciable
risk of CSM after nephrectomy (median 58 and 51 months,
respectively). Despite the fact that these values were half as
elevated as in the previous highest risk group, these indi-
viduals also represent ideal targets for adjuvant therapy and
very good candidates for potential inclusion in future trials
examining adjuvant therapy after nephrectomy. However,
just like their counterparts with all three hR criteria, they
account for very few of examined patients: only 1.7% of the
hR population.

The combined inclusion of individuals with all three
features or of individuals with LNI and a second hR fea-
ture (pT3a/b or FG3-4)) only resulted in 4.2% of the hR
study cohort. With this in mind, such trials would, there-
fore, invariably require multi-institutional and/or interna-
tional involvement of the urological community. Based on
the same consideration, the opportunity for clinical use of
adjuvant sunitinib outside of protocol setting may also rep-
resent a rare opportunity.

Third, it may be postulated that the rarity of patients
harboring LNI was largely attributable to decreased rate
of lymph node dissection (LND) for nmRCC patients.
Kates et al. [13] demonstrated a gradual decline in LND
from 1988 in a SEER population. The rate of patients who
had > 5 lymph nodes (LN) removed decreased from 10% in
1988 to less than 5% in more contemporary patients. This

implies that LNI is frequently underestimated considering
the decrease in LND rate and thus increase in pNx status
[14]. This is of paramount importance if we consider that in
pT3a/b and FG3-4 patient the prevalence of LNI is > 20%,
when European cohorts with a higher rate of LND are con-
sidered [15]. These evidences may explain why only 4.8%
of hR cohort harbored LNI at the time of surgery, as well as
why only 4.2% of patients presented all three features or LNI
and a second hR feature (pT3a/b or FG3-4).

Fourth, our study of hR individuals treated with nephrec-
tomy shows that the vast majority of such individuals enjoy
lengthy CSM-free survival. Specifically, all individuals who
did not fall into the two previously discussed hR categories
enjoyed median CSM-free survival in excess of 10 years.
In consequence, it is difficult to conceptualize the use of
adjuvant targeted therapy, with accompanying toxicity that
provides at best a 25% reduction in DFS, without overall
survival improvement.

To the best of our knowledge, this is the first study that
specifically examined pathological hR features and their
effect on CSM after nephrectomy, in patients with nmRCC.
Nonetheless other studies examined similar endpoints to
identify patients at highest risk of CSM. For example, inves-
tigators from the University of California in Los Angeles
relied on the integrated staging system (UISS) [16, 17] for
prediction of CSM in patients with nmRCC using T and
N classifications, Fuhrman grade and ECOG-PS. In their
analysis, hR nmRCC patients harbored pT3 classification,
FG > 2, LNI and had on ECOG > 1. This classification
could not be replicated in the current study. ECOG perfor-
mance status is unavailable in the SEER database and in
other similar population databases (NIS [18], NCDB [19]).
Similarly, investigators from the Mayo Clinic developed the
SSIGN score [2]. Here, hR nmRCC patients harbored tumor
size > 5 cm, pT > 2, FG > 3, presence of necrosis and LNI.
This classification also could not directly be applied in the
current study. Tumor necrosis is unavailable in the SEER
database or other population-based datasets. Other hR clas-
sification tools were also not applicable for the same reasons
[20-22].

The clinical implications of our findings are severalfold.
First, they provide proof of concept for future studies of
adjuvant therapy, since we identified a subset of patients
that benefit the most from such treatment. Our findings pro-
vide clinicians with CSM estimates that might be used to
optimize patient selection for adjuvant therapy outside of
clinical trials. Last but not least, our findings might affect
study design in future clinical trials.

On the other hand, it should also be noted that patients
with hR features after partial or radical nephrectomy and
those who can benefit most from adjuvant therapy, do not
necessarily overlap. Administration of adjuvant agents has
not exclusively based on hR features. Conversely, other
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considerations such as comorbidities, protocol adherence,
or other tumor characteristics (i.e., genomics) might also
be considered. Additionally, adjuvant agents should be
only ideally considered based on net OS benefit. The lat-
ter was not confirmed in S-TRAC, ASSURE, ARISER and
PROTECT trial. In consequence, the European Associa-
tion of Urology does not recommend adjuvant therapy for
nmRCC after nephrectomy [12]. Furthermore, it is not
known whether earlier treatment with adjuvant targeted
therapy will even modify the clinical course of disease
compared to treat only recurrent or metastatic disease [23].
In this context, future studies are required to void this lack.

Our study is not devoid of limitations. First, the SEER
database is devoid of variables such as ECOG performance
status, detailed histological information such as tumor necro-
sis or detailed pathological information, such as positive sur-
gical margin status. Second, the observed number of patients
with one, two or three hR features might underestimate the
actual proportion of patients with hR in clinical practice
due to exclusion from analysis of individuals with unknown
hR features. Third, adjuvant and/or salvage treatment regi-
mens also cannot be ascertained. Fourth, ideally hypothesis
generated study such as the current ones should be followed
by confirmatory phase 3 trials. The reverse order related
to other findings might add to existing uncertainties about
adjuvant therapy. These and other limitations are shared with
other large-scale population-based studies.

Conclusions

Individuals with combination of LNI with FG3-4 or
pT3a/b and patients with all three hR features are at high-
est risk of CSM. In consequence, these patients may repre-
sent ideal candidates for adjuvant therapy either in clinical
practice or future prospective trials.
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