
Abstract. Background/Aim: Clear cell renal cell carcinoma
(ccRCC) shows variable chromosomal abnormalities. The aim
of this study was to assess the prognostic role of ccRCC
chromosomal abnormalities in a single-center cohort with an
extended follow-up. Materials and Methods: A systematic
cytogenetic analysis was performed in 283 consecutive
surgically-treated patients for renal masses between 1997 and
2002. Kaplan–Meier and multivariable Cox regression (MCR)
models were used to calculate cancer specific survival (CSS).
Results: Among 174 ccRCC patients, the most common
abnormality was deletion in chromosome 3 (54.6%). At a
median follow-up of 119 months, 38 patients (21.8%) died from
RCC. At MCR models, worse CSS was independently predicted
by deletions in chromosomes 2, 19, 20 or 22 and insertions in
chromosome 18. Conclusion: Specific ccRCC chromosomal
abnormalities are independently associated with worse CSS.
Cytogenetic evaluation may direct further genetic analysis for
personalized prognostic stratification. 

Renal cell carcinoma (RCC) encompasses a heterogeneous
group of cancers derived from renal tubular epithelial cells.
In 2016, the World Health Organization provided a revision
of renal tumor histologies, which included 15 additional
subtypes. Among these, clear cell RCC (ccRCC) histology
accounts for more than 75% of cases (1). 

The karyotype analysis of RCC stemmed from familiar
cases and then spurred a comprehensive classification of
renal tumors that represented an oncological milestone (2).
Indeed, each RCC entity was defined by the combination of
distinct phenotypic, chromosomal and genetic features (3, 4).
In addition to specific chromosomal abnormalities, classical
cytogenetics may also reveal a diverse set of chromosomal
abnormalities, broadly representative of the biological
complexity of the tumor. Some of these alterations have been
associated with survival outcomes (4-10). Nonetheless,
previous studies have reported inconsistent findings and
relied on a median follow-up ranging from 25 (6) to 73 (5)
months, too short to encompass the long period during which
poorly aggressive RCC, that accounts for more than half of
cases (5, 9), may recur (11, 12).

In 2010 a preliminary study reported on the prognostic
role of chromosomal imbalances in ccRCC (5), relying on a
median follow-up time of 67 months. In the present study,
the cohort was followed-up for twice as long to assess the
prognostic role of chromosomal abnormalities.

Materials and Methods

Cytogenetic tumor analysis of 283 consecutive surgically-treated renal
masses during the period 1997 to 2002 was performed at our
institution. This project was approved by the institutional review board
of Spedali Civili Hospital of Brescia. Indication to either radical or
partial nephrectomy followed contemporary international guidelines.
All specimens were analyzed by one experienced uropathologist
(R.T.). Follow-up was conducted at a dedicated outpatient office,
following an institutional schedule tailored to histopathological
findings (13). All cytogenetic analyses were performed by one
experienced cytogeneticist (P.B.), as previously described (5). 

Covariates consisted of age, gender, side, tumor, nodes and
metastases (TNM) stage, tumor size, Fuhrman grade and
sarcomatoid features. For the purposes of this study, description of
chromosomal abnormalities was coded as “insertion” or “deletion”
of chromosomes. 
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The primary endpoint of the study was cancer-specific survival
(CSS), defined as death due to RCC. Chromosomal abnormalities
were coded as binary variables (imbalance present vs. absent). The
association between each imbalance and adverse pathological
features (metastatic stage, Fuhrman grade and sarcomatoid features)
was reported by univariate logistic regression models. Kaplan–
Meier analyses and long-rank method were used to examine the
association of CSS with the abnormalities. Differences in CSS were
further tested in univariate and multivariate Cox regression models.
Adjustment variables consisted of TNM stage, Fuhrman grade and
sarcomatoid features. Finally, all survival analyses were repeated in
the subgroup of patients with abnormal karyotype – i.e. including
those cases with at least a chromosomal abnormality – as sensitivity
analyses. All statistical tests were two-sided and the level of
significance was set at p<0.05. Analyses were performed using the
R software environment for statistical computing and graphics
(version 3.4.1; http://www.r-project. org/).

Results

Out of 283 surgically-treated patients, between 1997 and
2002, the cytogenetic tumor analysis data of 174 patients
were analyzed. Median age was 63.5 years (interquartile
range [IQR]=54.2-71), 102 (58.6%) patients were male and
146 (83.9%) were treated with radical nephrectomy (Table I). 

The median number of chromosomal abnormalities for
each case was 3.0 (IQR 0.25-6.0, range=0-24.0). The most
frequent chromosomal abnormalities (Figure 1) were loss in
chromosome 3 (95 cases, 54.6%), loss in chromosome Y (30
cases, 17.2%), loss in chromosome 14 (28 cases, 16.1%) and
insertions in chromosome 7 (28 cases, 16.1%). Specifically,
deletions in chromosome 3 corresponded to 56 cases of
complete loss of a single chromosome and 41 and 12 cases
of chromosomal segment deletion in the short and long arms,
respectively.

At univariate logistic regression models, a statistically
significant association was recorded between metastatic stage
(M1 vs. M0) and deletions in chromosome 9 (odds ratio
[OR] 9.3, p=0.005), between high Fuhrman grade (G3/G4)
and deletions in chromosomes 6 (OR=5.9, p=0.02), 10
(OR=9.4, p=0.04), 11 (OR=5.0, p=0.04), and Y (within the
male cohort OR=3.1, p=0.02), and insertions in chromosome
5 (OR=3.7, p=0.005) and between sarcomatoid features and
deletions in chromosomes 2 (OR=4.3, p=0.02) and 18
(OR=3.9, p=0.03).

At a median follow-up time of 119.0 months (IQR=53.7-
154.5), 38 patients (21.8%) died due to RCC. Kaplan–Meier
plots showed a significantly worse CSS in the presence of
the following chromosomal abnormalities (Figure 2A-F):
deletions in chromosomes 2 (log-rank p<0.001), 19 (log-
rank p<0.001), 20 (log-rank p=0.005) and 22 (log-rank
p=0.01) and insertions in chromosomes 10 (log-rank
p=0.02) and 18 (log-rank p=0.02). At multivariable Cox
regression models predicting CSS (Table II), deletions in
chromosome 2 (hazard ratio [HR] 7.5, p<0.001), in

chromosome 19 (HR=3.9, p<0.001), in chromosome 20
(HR=4.1, p=0.01), and in chromosome 22 (HR=3.1,
p=0.01), and insertions in chromosome 18 (HR=3.8, p=0.03)
were independently associated with worse CSS. Sensitivity
analyses were performed on 131 patients with abnormal
karyotype. No statistically significant baseline differences
were recorded between patients with normal and abnormal
karyotype. In survival analyses, both Kaplan–Meier plots and
MCR models recorded virtually the same results.

Discussion
This study investigated one of the largest cohorts to date
with complete karyotype analysis. Noteworthy, our results
benefitted of an extended follow-up time, significantly
longer relatively to previous reports (5–10). This longer
follow-up represents a strength of this study and supports our
findings, especially considering that RCC may have a long
course and risk of relapse may still be present even after
several years following surgery (11, 12). Additionally, a long
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Table I. Descriptive characteristics of 174 surgically-treated clear cell
renal cell carcinoma patients.

Variable                                                                 Number (%)

Age, years
  Median (interquartile range)                             63.5 (54.2-71)
Gender 
  Male                                                                   102 (58.6) 
  Female                                                               72 (41.4) 
Surgery
  Radical nephrectomy                                        146 (83.9) 
  Partial nephrectomy                                          28 (16.1) 
T stage
  T1                                                                       101 (58.1) 
  T2                                                                       16 (9.2) 
  T3                                                                       54 (31.0) 
  T4                                                                       3 (1.7) 
N stage
  N0/NX                                                                171 (98.3) 
  N1                                                                      3 (1.7) 
M stage
  M1                                                                     25 (14.4) 
Fuhrman grade
  G1                                                                      11 (6.3) 
  G2                                                                      58 (33.3) 
  G3                                                                      71 (40.8) 
  G4                                                                      34 (19.5) 
Size, mm
  Median (interquartile range)                             5.0 (3.4-7.0)
Thrombus                                                              
  Present                                                               34 (19.5) 
Necrosis
  Present                                                               16 (9.2) 
Sarcomatoid features
  Present                                                               19 (10.9) 



follow-up period may better highlight the prognostic role of
chromosomal abnormalities over other well-established
prognostic factors such as stage and grading.

Our analyses resulted in several noteworthy findings.
First, deletions in chromosome 3 were the most typical
chromosomal imbalance, with monosomy 3 or deletions of
3p representing the most frequent alterations. These findings
are in agreement with all previous reports (6, 9, 10, 14, 15),
where deletions of chromosome 3 represented the most
common chromosomal aberration, ranging from 43.7% (15)
to 99% (10). The loss of 3p is a characteristic abnormality
in ccRCC (16). Additionally, chromosome 3p loss

encompassing the von Hippel-Lindau (VHL) gene are
observed in the majority of sporadic ccRCC (17). The
inactivation of the VHL gene has been associated with better
prognosis (6, 18, 19). Our findings did not confirm such
relationship and showed that deletions in chromosome 3
were not predictors of M1 stage, high grade, sarcomatoid
features, or survival. The discordance with other reports (6,
14) may be explained by the fact that other abnormalities
that occur in subsequent phases may have a more
pronounced prognostic relevance. 

Second, other frequent chromosomal abnormalities were
deletions in chromosomes Y and 14 and insertions in
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Figure 1. Chromosomal abnormalities distribution rates among a cohort of 174 clear cell renal cell carcinoma patients with abnormal karyotype.
Positive values indicate insertions abnormalities. Negative values indicate deletions abnormalities.

Table II. Univariate and multivariate Cox regression models predicting cancer-specific survival according to presence vs. absence of specific
chromosomal abnormalities. In multivariate analyses, adjustment variables consisted of TNM stage (I/II vs. III/IV), Fuhrman grade (G1/G2 vs.
G3/G4) and sarcomatoid features (absent vs. present).

                                                                                                Univariate                                                                               Multivariate                      

Chromosome abnormalities                        HR                        95%CI                      p-Value                    HR                          95%CI                    p-Value

Loss 2 (present vs. absent)                          3.8                        1.7-8.6                         0.001                      7.5                         2.8-19.9                   <0.001
Loss 19 (present vs. absent)                        6.4                        2.5-16.7                    <0.001                      3.9                         1.4-10.9                     0.009
Loss 20 (present vs. absent)                        3.9                        1.4-11.1                       0.009                      4.1                         1.4-12.4                     0.01
Loss 22 (present vs. absent)                        2.7                        1.2-6.3                         0.03                        3.1                         1.3- 7.6                      0.01
Gain 10 (present vs. absent)                       3.2                        1.1-9.0                         0.03                        2.1                         0.7-6.3                       0.2
Gain 18 (present vs. absent)                       3.8                        1.2-12.6                       0.02                        3.8                         1.1-12.9                     0.03

HR: Hazard ratio; CI: confidence interval.
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Figure 2. Continued
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Figure 2. Continued
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Figure 2. Kaplan–Meier plots depicting cancer-specific survival among a cohort of 174 clear cell renal cell carcinoma patients with available
karyotype analysis, according to presence vs. absence of specific chromosomal abnormalities.



chromosome 7, which accounted for 17.2%, 16.1% and
16.1% of all abnormal karyotypes, respectively, followed by
deletions in chromosomes 6, 8, 9 and X, as well as insertions
in chromosomes 5 and 20. These findings are in agreement
with previous reports (6, 10, 14, 15) and further confirm the
extreme heterogeneity of ccRCC tumors. In univariate
logistic regression analyses, deletions in chromosome 9 were
associated with metastatic stage, deletions in chromosomes
6, 10 and 11 and insertions in chromosome 5 with higher
Fuhrman grade and deletions in chromosomes 2 and 18 with
sarcomatoid features. Due to the low number of observations
and events, these associations need to be interpreted with
caution. Nonetheless, some of these findings may be highly
informative. For example, deletions in chromosome 9 have
been reported to be associated with higher propensity of
distant metastases (6, 8, 9), as well as with worse prognosis
(6, 8). Conversely, Gunawan et al. study (9) as well as this
study did not show a significantly worse cancer specific
survival in patients with deletions in chromosome 9. This
discrepancy may be attributed to lower rates of events,
compared to Klatte et al. (6). Additionally, it may also be
postulated that deletions in chromosome 9 in our series did
not involve loss of tumor suppressor genes on 9p (20), such
as CDKN2A gene. 

Third, survival analyses confirmed our previous findings
(5), showing a significantly worse cancer specific survival in
patients with deletions in chromosomes 19, 20 and 22, which
also independently predicted worse survival. These findings
further corroborated the possible involvement of secondary
alterations that may have led to RCC progression.
Additionally, in these updated analyses, also deletions in
chromosome 2 and insertions in chromosomes 10 and 18 were
associated with worse CSS. Even if no definitive conclusions
could be drawn because of the relative rarity of events, it is
interesting to note that deletions in chromosome 2 were also
associated with significantly higher rates of sarcomatoid
features, which are well-established adverse risk factors (21). 

Recent studies, such as the Cancer Genome Atlas Research
Network (22) and the Tracking Renal Cell Cancer Evolution
through therapy (TRACERx) Renal program (23), have
contributed towards a deeper understanding of the molecular
characterization of ccRCC. Alterations in the VHL tumor
suppressor gene (located on chromosome 3) are the most
frequent (24). Its inactivation leads to up-regulation of
hypoxia-inducible factor (HIF) that promotes expression of
angiogenic factors, lower rates of apoptosis, and higher rates
of cellular proliferation. However, due to its ubiquitous role,
no consistent relationship between VHL status and clinical
outcome has been found (25), which may explain the lack of
correlation with CSM in the present study. Additionally, the
SWI/SNF chromatin remodeling complex has been found to
be frequently mutated in ccRCC (26). Among the genes of this
complex, PBRM1 and ARID1A are located on chromosome 3,

while SMARCA4 is located on chromosome 19. This complex
is involved in tumor suppression and its inactivation may
amplify VHL inactivation by upregulating the HIF pathways
leading to tumor progression. 

Finally, the difference between our findings (5) and those
of previous studies (6-8) reflect the extreme heterogeneity of
karyotype alterations in ccRCC tumors. Our results relied on
complete cytogenetic analysis that required culture of tumor
cells and allowed an overview of the whole tumor karyotype.
This method is actually rarely applied during clinical
practice, but may serve as the basis for both the diagnosis
and the application of target-directed methods, such as
fluorescence in situ hybridization (FISH) and genome-wide
analysis, which may further investigate these specific
alterations, as either diagnostic and prognostic tools.

Significant limitations of this study should be
acknowledged. Despite the relative large sample size, the
number of events for each chromosomal abnormality is still
limited. Moreover, specific subgroup analyses according to
pathological characteristics could not be performed with
appropriate statistical power. Therefore, other prognostically
relevant cytogenetic aberrations may have been masked by
the presence of well-established pathological prognostic
factors, such as stage, Fuhrman grade and presence of
sarcomatoid features. 
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