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Background: The aim of this study was to examine the prognostic value of four significant aberrations based on our previous
studies by array-CGH to develop a prognostic Fluorescence-in situ-hybridisation (FISH) assay for clear cell renal cell carcinomas
(ccRCC).

Methods: Fluorescence-in situ-hybridisation experiments were performed on 100 ccRCCs (52 metastasised out of 48 non-
metastasised). The mean/median follow up of patients was 59/54 months. Commercially available FISH probes were used for each
critical chromosomal region (1q21.3, 7q36.3, 9p21.3p24.1 and 20q11.21q13.32). The total number of specific aberrations (TNSA)
was calculated for each tumour based on the specific genomic alterations.

Results: Total number of specific aberrations was the best predictor of metastasis (area under the curve (AUC)¼ 0.814) compared
with single aberrations (AUC: 0.619–0.708) and to 11 different combinations of these 4 aberrations in the receiver operating
characteristic curve analysis. Total number of specific aberrations, tumour grade and tumour size were independent predictors of
metastasis in the multivariate analysis (Po0.001) for the whole cohort as well as for organ-confined tumours. Total number of
specific aberrations and grade could also independently predict cancer-specific mortality (CSM). Total number of specific
aberrations demonstrated the highest significance in COX proportional hazard models of overall survival (OS), cancer-specific
survival (CSS) and progression-free survival (PFS).

Conclusions: We identified TNSA as an independent prognostic factor which is associated with metastasis occurrence, CSM, OS,
CSS and PFS in patients with ccRCCs.

Clear cell renal cell carcinoma (ccRCC) represents 70–88% of
surgical series (Patard et al, 2005) and has the greatest malignant
potential of all RCC subtypes. At the time of diagnosis, up to 30%
of RCC patients already showed metastatic disease (Gupta et al,
2008). Another 10–28% of patients with no signs of metastases will
later experience local recurrence or distant metastasis after tumour
surgery (Kim et al, 2012). The surgical treatment of localised RCC
provides excellent results in the 5-year survival rate (Kattan et al,
2001; Leibovich et al, 2003; Kim et al, 2011), but the prognosis of

patients with metastatic disease remains predominantly poor. New
molecular-targeted therapies show a significantly better treatment
response. So adjuvant therapy approaches could improve the
prognosis of patients. However, this requires the identification of
high-risk patients. Therefore, there is an essential need for new
molecular prognostic parameters which considerably improve
individual risk assessment for patients with ccRCC. Our previous
study by high-resolution array-based comparative genomic hybri-
disation revealed several genomic aberrations which could be used
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as molecular markers for defining of aggressiveness in ccRCC
(Sanjmyatav et al, 2011). The aim of this study was to examine the
prognostic value of these significant aberrations using the multi-
color-FISH approach in combination with established prognostic
factors such as TNM stage, grade and tumour size to develop a
prognostic FISH assay in the future.

MATERIALS AND METHODS

The study cohort consisted of patients with ccRCC who underwent
surgery between 1994 and 2006. All patients had no prior systemic
therapy before surgery. Hundred primary tumour tissue samples
selected reached a balanced contribution concerning T-category
and metastatic status (52 metastasised and 48 non-metastasised) of
the patients. The clinico-pathological data of patients are listed in
Table 1. The cohort included 20 patients with tumour-related
death and 13 cases died as a result of other causes. Metastases were
detected at time of primary diagnosis (28 patients), between 3 and
9 months (6 patients) and 14 and 86 months (18 patients) after

primary diagnosis. The minimum follow up for non-metastatic
cases was 24 months. Tissue samples were immediately frozen in
liquid nitrogen after partial or radical nephrectomy and stored at
� 196 1C. All patients provided a written informed consent before
the surgical treatment. The study was approved by the local ethical
committee.

The chromosomal regions 1q21.3, 7q36.3, 9p21.3p24.1 and
20q11.21q13.32 were evaluated by FISH using commercially
available probes from ZytoVision GmbH (Bremerhafen, Germany)
and Kreatech Diagnostics (Amsterdam, Netherlands). Interphase
nuclei from frozen tumour tissues were prepared as described in
detail in a previous study (Sanjmyatav et al, 2005). Fluorescence-
in situ-hybridisation- experiments were performed according to
the manufacturer’s instructions. Cells were examined with an
epifluorescence Axioplan microscope (Carl Zeiss, Jena, Germany).
The fluorescence signals of overall 100 interphase nuclei were
counted for each probe and for each case by an observer blinded to
information on tumour. To calculate the cutoff value of positive
FISH detection for each probe, 10 control experiments were done
on normal kidney tissues using corresponding probes. Cutoff
values for all probes were defined as the mean per cent of normal
diploid cells in 10 normal tissues minus two-fold standard deviation.
The cutoff value for positive FISH detection of each probe was
adopted from our previous study (Sanjmyatav et al, 2011).

Statistical analysis was done using the software package
SPSS version 19.0 (IBM Corporation, Armonk, NY, USA). To
dichotomise the variable for FISH-findings (percentage of aberrant
nuclei in tumour tissue) in regard to the metastasis status of
tumours and to maximise the sensitivity of detection of metastatic
tumour a receiver operating characteristic curve (ROC-Curve)
analysis was done with different cut-points in 5 per cent steps for
each genomic aberration. A percentage point with the largest area
under curve (AUC) was selected as the final cut-point (P-value:
Pearson w2-test). Binary logistic regression was performed to
construct a model for the prediction of metastasis. The Kaplan–
Meier method was used to analyze cancer-specific survival (CSS),
overall survival (OS) and progression-free survival (PFS) of
patients. Patient groups were compared using the log-rank test
for censored data. The COX proportional hazard model was used
to determine independent prognostic value of variables on OS, CSS
and PFS. P-values less than 0.05 were considered as significant. For
an exact statistical analysis the rule of thumb are 10 events per
variable (EPV) in the logistic and COX proportional regressions
according to Peduzzi (Peduzzi et al, 1995, 1996). Whereas
Vittinghoff et al found out that systematic discounting of results,
in particular statistically significant associations, from any model
with 5–9 EPV does not appear to be justified (Vittinghoff and
McCulloch, 2007). Thus the EPV of our logistic regression and
COX-regression models were adjusted at EPV45 by reducing the
number of categorical variables. Based on T-category the cohort
was devided in three groups: first group with T1a cases, second
group with T1b and T2 tumours 2 and third group with T3a and
T3b tumours. According to grading the study cohort was divided
into two groups: G1-tumours and G2/G3 cases. This setting
showed better significance in the analysis of CSS, OS, and PFS
compared with dividing of the cohort into G1/G2 and G3 tumours.

RESULTS

Metastatic risk. All four critical aberrations showed significant
correlation to the metastasis status of patients at the cutoff
determined by ROC analysis for each aberration and high
diagnostic potential for metastasis with AUC-values in the range
from 0.619 to 0.708 (Table 2). Gain of 20q11.21q13.32 showed the
best correlation (P¼ 0.00002, Fisher-exact-test) and the highest

Table 1. Clinical and histopathological data of 100 clear cell renal cell
carcinomas

Number of cases 100

Age (years)

Mean 61
Median 62
Range 36–82

Gender

Male/female 63/37

T-category

1a 28
1b 39
2 17
3a 8
3b 8

Grade

1 30
2 59
3 11

Follow up

Mean 50
Median 31
Range 2–165

Cases with follow up

No/yes 1/99

Metastasis

No/yes 48/52

Lymph node status

Negative/positive 92/8

Deaths

Tumour-related/non tumour-related 20/13

Tumours were classified according to TNM classification UICC 2002.
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odds ratio to metastasis (OR¼ 16.2; 95% CI: 4.5–58.8) followed by
the loss of 9p21.3p24 (OR¼ 9.3; 95% CI: 3.2–27.2). A new unified
variable called as total number of specific aberrations (TNSA) was
calculated from the sum of the four aberrations which were present
in each tumour. Total number of specific aberrations showed the
largest AUC (0.814) in the ROC analysis compared with single
aberrations and to 11 different combinations of these 4 aberrations
thus seems to be a better classifier regarding metastatic tumours.

A binary logistic regression model was constructed by including
the TNSA and common prognostic factors such as tumour size,
T-category and grade as covariates. Nodal status of tumours was
not significant in univariate setting. This model could predict
metastatic progression as a binary outcome (Table 3). Our
regression model could identify metastatic tumours with a
sensitivity of 84%, a specificity of 79% and an accuracy of 82%.
The positive predictive value (PPV) was 81% and the negative
predictive value (NPV) 79%. T-category was significant only in a
univariate setting. Factors such as the TNSA, grade and tumour
size were retained as independent predictors of metastatic risk. The
odds of metastatic progression in tumours increased with each
additional aberration by 3.3-fold (Table 3). Patients who had
tumours with high probability to metastasise were defined as high-
risk patients.

Since in organ-confined tumours (T1-T2) T-category and
tumour size both represent the same feature of the tumour, only
tumour size was used in all subsequent calculations. The multi-
variate model contained factors such as TNSA, grade and tumour
size (Table 3). The regression model could predict metastatic event
with a sensitivity of 75%, a specificity of 84% and an accuracy of
80% (PPV¼ 81%, NPV¼ 79%).

Overall survival. Significantly different OS rates were also found
in patients groups divided by TNSA (P¼ 0.000006, log-rank
test), T-category (T1a/T1b-2/T3a-3b) (P¼ 0.036) and grade
(P¼ 0.004) in Kaplan–Meier analysis (Table 4). Multivariate
COX proportional hazard analysis of the whole cohort including
these factors and tumour size demonstrated only TNSA and grade
as independent predictors of OS (Table 5). The OS rate of
patients decreases with each additional aberration in the tumour
by 1.9-fold in the follow up time according to the complete
model.

Kaplan–Meier analysis of organ-confined tumours revealed that
only TNSA and grade divided patients into groups with
significantly different OS rates (Table 4). In the multivariate
analysis only TNSA was retained as significant predictor of OS
(Table 5).

Table 2. Correlation between the four specific genomic aberrations and metastasis status of tumours, odds ratios to metastatic progression and the best
cutoff values for prediction of metastasis determined by ROC-curve analysis (P-value: Pearson w2-Test)

Factors Cutoff [%] AUC (ROC-curve)
Correlation
coefficient

Exact 2-sided
P-value

Odds ratio
(95% CI)

1q21.3 15 0.619 0.261 0.015 3.4 (1.3–8.7)

7q36.3 30 0.637 0.291 0.005 3.7 (1.5–9.2)

9p21.3p24.1 15 0.708 0.445 0.00001 9.3 (3.2–27.2)

20q11.21q13.2 25 0.704 0.498 0.000001 16.2 (4.5–58.8)

Table 3. Univariate and multivariate logistic regression for prediction of metastatic risk and CSM using covariates such as TNSA, T-category, grade and
tumour size for the whole cohort and for patients with organ-confined ccRCCs

Metastatic risk Cancer-specific mortality

Univariate Multivariate Univariate Multivariate

Factors P-value
Odds ratio
(95% CI) P-value

Odds ratio
(95% CI) P-value

Odds ratio
(95% CI) P-value

Odds ratio
(95% CI)

EPV¼8 EPV¼9

Tumours all T-stages

TNSA o0.001 3.2 (2.0–5.1) o0.001 3.5 (1.9–6.4) 0.000 2.2 (1.4–3.2) 0.002 2.0 (1.3–3.1)
T1a 0.001 reference 40.05 reference 40.05 reference a

T1b-T2 0.001 5.7 (2.0–16.2) 40.05 40.05 a

T3a-T3b 0.001 11.0 (2.6–46.8) 40.05 40.05 a

Grade1/grade 2-3 o0.001 7.7 (2.8–21.3) 0.018 5.7 (1.3–23.9) 0.006 8.3 (1.8–37.8) 0.028 6.1 (1.2–30.9)
Tumour size (cm) o0.001 1.8 (1.4–2.3) 0.018 1.7 (1.1–2.6) 0.010 1.2 (1.0–1.4) 40.05

EPV¼10 EPV¼7

Organ-confined tumours

TNSA o0.001 3.0 (1.8–4.9) o0.001 3.8 (1.9–7.4) 0.000 2.3 (1.4–3.6) 0.002 2.2 (1.4–3.7)
Grade1/grade 2-3 0.001 7.0 (2.3–21.3) 0.013 8.6 (1.6–46.4) 0.015 13.0 (1.6–103.2) 0.028 11.9 (1.3–107.8)
Tumour size (cm) o0.001 1.8 (1.3–2.4) 40.05 0.037 1.2 (1.0–1.5) 40.05

Abbreviations: EPV¼ events per variable; TNSA¼ total number of specific alterations.
aVariables not included in the model.
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Cancer-specific survival. Patient groups divided by TNSA,
T-categories and grade demonstrated significantly different CSS
rates in the Kaplan–Meier analysis (Table 4). In the multivariate
analysis the variables such as TNSA and grade were independent
predictors of CSS (Table 5). With each additional aberration in
tumour tissue, the hazard ratio (HR) for cancer-specific death
increased by 1.9-fold in the follow-up time. Patients with grade 2
and 3 tumours showed 2.4-fold higher hazard radio to cancer-
specific death in the observation time compared with the patients
with grade 1 tumours.

Analogous COX model was obtained for organ-confined
tumours in which the TNSA and the grade of tumours were
independent predictors of CSS rate (Table 5). Organ-confined
tumours showed higher hazard ratio (HR¼ 2.2, 95% CI: 1.4–3.3)
with each additional aberration in tumour tissue compared with
the hazard ratio calculated for tumours of the whole cohort.

Cancer-specific mortality. Cancer-specific mortality was signifi-
cantly associated with TNSA, grade and tumour size in tumours of
all stages and organ-confined tumours. In a multivariate setting
only TNSA and grade could independently predict CSM in both
cohorts (Table 3). The regression model could predict CSM of
patients of the whole cohort with a sensitivity of 46%, a specificity
of 92% and an accuracy of 79% (PPV¼ 68%, NPV¼ 81%). The
regression model for organ-confined tumours revealed a sensitivity
of 50% and a specificity of 94% and an accuracy 83% (PPV¼ 71%,
NPV¼ 86%).

Progression-free survival. While patient groups divided by
T-category showed no significant differences in PFS, patient
groups divided by TNSA and grade demonstrated significant
differences in PFS in the Kaplan–Meier analysis of our whole
cohort (Table 4). In the multivariate setting the variables TNSA
and grade were retained as independent predictors of PFS in the
follow-up time of our whole cohort (Table 5). In organ-confined
cases the COX model also revealed the same variables such as
TNSA and grade as independent predictors of recurrence-free
survival.

DISCUSSION

The main established independent prognostic factors for RCC are
TNM stage, tumour size, nodal status and histological grade
(Ficarra et al, 2008; Lam et al, 2008). Number of efforts was used in
the past to stratify the prognosis of RCC patients and several
multifactor prognostic models have been developed including these
parameters (Kattan et al, 2001; Zisman et al, 2001; Frank et al,
2002; Sorbellini et al, 2005). However prediction of tumour
behaviour and clinical outcome based on standard clinico-
pathological features alone is quite limited and do not reflect the
biology of tumours. Thus efforts to predict survival of patients with

Table 4. Kaplan–Meier analysis of overall survival (OS), cancer-specific
survival (CSS) and progression-free survival (PFS) according to TNSA,
T-category and grade (using the log-rank test for censored data)

P-values Log-Rank (Mantel-Cox)

Factors OS CSS PFS

Tumours all T-stages

TNSA o0.001 o0.001 o0.001
T-category 0.036 0.024 40.05
Grade 0.004 0.001 0.009

Organ-confined tumours

TNSA o0.001 o0.001 o0.001
T-category 40.05 40.05 40.05
Grade 0.021 0.002 0.032

Table 5. Univariate and multivariate COX proportional hazard regression of OS, CSS and PFS with TNSA, T-category, grade and tumour size as predictors
for the whole cohort and patients with organ-confined ccRCCs

Overall survival Cancer-specific survival Progresssion-free survival

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Factors P-value

Hazard
ratio

(95% CI) P-value

Hazard
ratio

(95% CI) P-value

Hazard ratio
(95% CI)

P-value

Hazard
ratio

(95% CI) P-value

Hazard
ratio

(95% CI) P-value

Hazard
ratio

(95% CI)

EPV¼7 EPV¼5 EPV¼8

All T-stages

TNSA o0.001 1.9 (1.5–2.4) o0.001 1.9 (1.4–2.4) o0.001 2.3 (1.7–3.2) o0.001 1.9 (1.4–2.4) o0.001 2.2 (1.6–3.0) o0.001 2.2 (1.6–3.2)
T1a 0.046 reference 40.05 0.036 reference 40.05 40.05 a

T1b-T2 40.05 2.0 (0.9–4.7) 40.05 40.05 2.3 (0.8–6.8) 40.05 40.05 a

T3a-T3b 0.013 3.5 (1.3–9.6) 40.05 0.012 4.7 (1.4–15.8) 0.030 4.1 (1.1–14.8) 40.05 a

Grade1/grade 2-3 0.007 3.1 (1.4–7.0) 0.046 2.4 (1.0–5.6) 0.004 8.1 (1.9–34.5) 0.046 2.4 (1.0–5.6) 0.016 3.8 (1.3–11.0) 0.035 3.3 (1.1–10.0)
Tumour size (cm) 0.031 1.1 (1.0–1.2) 40.05 0.002 1.2 (1.1–1.3) 40.05 0.001 1.2 (1.1–1.3) 40.05

EPV¼16 EPV¼7 EPV¼10

Organ-confined tumours

TNSA o0.001 1.9 (1.4–2.5) o0.001 1.9 (1.4–2.5) o0.001 2.4 (1.6–3.5) o0.001 2.2 (1.4–3.3) o0.001 2.0 (1.5–2.8) o0.001 2.1 (1.5–3.0)
Grade1/grade 2-3 0.03 2.7 (1.1–6.7) 40.05 2.3 (1.0–5.7) 0.015 12.0 (1.6–90.0) 0.035 8.8 (1.2–66.9) 0.043 3.1 (1.0–9.3) 0.036 3.3 (1.1–9.9)
Tumour size (cm) 40.05 — a 0.021 1.2 (1.0–1.4) 40.05 0.010 1.4 (1.1–1.7) a

Abbreviations: EPV¼ events per variable; TNSA¼ total number of specific aberrations.
aVariables not included in the model.
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RCC moved to developing multiparameter prognostic models
incorporating molecular markers into standard predictive nomo-
grams. Kim et al (2004) used eight different molecular markers
such as Ki-67, p53, gelsolin, CA9, CA12, PTEN, EpCAM, and
vimentin and TNM stage, Fuhrman grade, and ECOG PS (Eastern
Cooperative Oncology Group Performance Status) to predict
survival of patients with ccRCC. This nomogram showed improved
predictive accuracy compared with the model with established
clinical prognostic variables alone. Furthermore, Parker et al (2009)

developed the BioScore system which is based on molecular
markers such as B7-H1, Survivin, and Ki-67 to enhance the
outcome prediction of ccRCC.

Specific genomic aberrations represent critical molecular events
involved in tumorigenesis. Our previous study identified several
specific genomic aberrations by Array-CGH which seems to be a
reliable factor for the definition of metastatic risk and clinical
outcome of patients with ccRCC (Sanjmyatav et al, 2011). In this
continuing study we retrospectively analysed four chromosomal
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Figure 1. Kaplan–Meier plots of OS (A, D), CSS (B, E) and PFS of patient groups according to TNSA; (A–C) plots of tumours of all T-stages; (D–F)
plots of organ-confined tumours.
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regions such as 1q21.3, 7q36.3, 9p21.3p24.1 and 20q11.21q13.32 in
an extended cohort of 100 ccRCC by FISH and could confirm these
four specific genomic aberrations as promising factors for defining
of prognosis in ccRCC patients. The new variable TNSA which
unified the data of four specific genomic aberrations in primary
tumours showed the best correlation to metastasis status and
highest significance compared with clinico-pathologic variables
such as tumour size, T-category and grade. Furthermore, the
Kaplan–Meier analysis of TNSA revealed that patient groups
divided by this variable demonstrate highly significant differences
in OS, CSS and PFS in our cohort.

Metastasis still defines the prognosis in patients with RCC. Until
now, definition of potential metastatic progression is impossible for
an individual patient at the time of initial disease diagnosis. So a
logistic regression model was built for definition of metastatic risk
including T-category, grade, tumour size and TNSA as covariates.
Total number of specific aberrations, grade and tumour size were
independent predictors of metastasis risk. T-category has histori-
cally served as the best prognostic tool in RCC and provides most
reliable prognostic information (Ljungberg et al, 2010). But this
variable was not significant in our multivariate analysis. Most
reliable prognostic information was provided by TNSA. The more
specific aberrations were found in the tumour the more aggressive
behaviour manifested in the tumour and the higher was the
probability that this tumour metastasised.

Grade is an accepted prognostic factor in RCC (Bretheau et al,
1995; Leibovich et al, 2003) and presents as an independent
predictor of metastatic risk in our multivariate model. Addition-
ally, our model revealed that metastatic risk of ccRCC tumours
depends on tumour size, too. Primary tumour size is reflected in
TNM-staging and belongs to the most important prognostic
factors of RCC. Recently, a study based on the National Swedish
Kidney Cancer Quality Register had also revealed that metastatic
risk increases with tumour size. The same study demonstrated that
small tumours also (o7 cm) have an aggressive potential, resulting
in lymph node and distant metastasis even in 1–2 cm tumours
(Guethmundsson et al, 2011). Therefore the prognosis assessment
of small tumours still remains an important task for clinicians. Our
regression model allowed the identification of patients at high risk
for metastasis even in an organ-confined situation based on genetic
alterations of the primary tumour. This opens up a possibility to
identify patients who would most likely benefit from adjuvant
therapy.

Our study also revealed that TNSA and grade were independent
predictors of OS, CSM, CSS and PFS not only for tumours of all
T-categories but also for organ-confined tumours. The TNSA
proved to be the best predictor in all multivariate settings (OS, CSS
CSM and PFS) compared with clinico-pathologic variables.
Analysing Kaplan–Meier curves of OS, CSS and PFS in regard to
TNSA (Figure 1), it seems better to divide the cohort into two
groups: patients with fewer than two aberrations and cases with at
least two aberrations and to use the covariate TNSA as a categorical
variable. However, calculations showed better significance value
and better values for hazard ratio in regard to confidence interval
in both univariate and multivariate setting for TNSA with five
groups than with two groups. The four genomic aberrations,
unified to TNSA, seem to have an essential role in the tumour
aggressiveness and may be useful in the identification of patients
whose tumours will rapidly progress after diagnosis.

To define the degree of influence of each specific aberration on
OS, CSS, CSM and PFS it is necessary to analyze a larger cohort in
the future to overcome limitations of this study. In upcoming
studies it is necessary to analyze prospectively a large multicenter
cohort of ccRCC to develop a multivariate prognostic model for
ccRCC integrating each genomic aberration and well-established
prognostic parameters such as T-stages, tumour size, nodal status
and histological grade.

Tumour progression is a multistep process accumulating
different abnormalities leading to expression and activation of
genes participating in malignant progression. The four analysed
genomic regions seem to harbour important genes which have a
huge impact on the metastasis manifestation in RCC. We mention
at this point only a few of the most important genes. The S100
family gene cluster (S100A1-S100A9, S1007A and S100A7L2) is
located at 1q21.3 locus. S100A4 is a member of the S100 family of
calcium-binding proteins that is directly involved in tumour
metastasis, and it is being discussed as metastasis promoter
(Sherbet, 2009). The tumour suppressor CDKN2AB is located on
9p21, which has an important role in the control of the cell cycle.
Cycle inhibitory proteins p15INK4b and p16INK4a encoded by this
locus are able to induce cell cycle arrest in G1 by inhibiting cyclin-
dependent kinases CDK4 and CDK6 which normally inactivate
two tumour-suppressor pathways, Rb and p53 (Sharpless et al,
2004). A number of functionally important oncogenes such as
E2F1 and HCK, and apoptosis-associated genes such as BCL2L1 are
localised in 20q11.21q13.2 segment. Further studies are needed to
identify which genes in these regions are predominantly respon-
sible for tumour progression and aggressiveness of ccRCC and to
find out which particular pathways are activated in aggressive
ccRCCs.

In conclusion, the new factor TNSA based on specific genomic
alterations could independently predict metastasis occurrence, OS,
CSM, CSS and PFS in patients with ccRCCs. The identification of
patients at high risk for metastasis even in localised situation based
on genomic alterations of the primary tumour opens up the
possibility not only to select patients who would benefit from new
targeted therapy regimes but also to manage a risk-adapted follow
up of patients.
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