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Abstract. Background/Aim: The incidence of renal cell
carcinoma (RCC) has been increasing mainly due to the
increase in the incidental detection of small renal masses. The
aim of this study was to verify whether the trend towards early
diagnosis changed the clinical characteristics of pathologically-
defined high-risk RCC patients over the last decades. Patients
and Methods: A total of 741 patients with pathologically-
confirmed high-risk RCC (pT1-4, and/or pN1 and/or Fuhrman
grade 3-4 and/or all M1 patients) treated with radical (RN) or
partial nephrectomy (PN) at a single tertiary referral center
between 1987 and 2011 were included in the study. The
temporal clinical and
characteristics were assessed relying on the lowess smoother
weighted function with corresponding 95% confidence interval.
Estimated annual percentage changes (EAPC) were evaluated
using a log linear regression model. Results: The median age
of patients increased from 57.5 to 67.3 years between 1987 and
2011 (EAPC 4.9%, p=0.002). Body mass index and gender
rates remained stable during the study period. A constant trend
towards patients with one or more comorbidity was observed.
Moreover, the proportion of asymptomatic patients at diagnosis
and of clinical T1 increased by 41.1 and 19.8%, respectively
(all p<0.007). The clinical tumor size dropped from 8.4 to 6.2
cm (EAPC -1.2%, p=0.001). This trend was accompanied by
a clinically-relevant increase by 15.3% in the rate of patients

trends of pre-operative tumor
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without clinical metastases (p=0.07). Conversely, the rate of
clinical lymphadenopathies remained stable over time. Finally,
the rate of PNs performed increased by 23.3% (p<0.001).
Conclusion: Over the years, pathologically-confirmed high-risk
RCC patients are older, mostly asymptomatic, with smaller
cancers, with a higher rate of tumors localized to the kidney
and with a decreased rate of metastatic disease at diagnosis.
These trends can explain the increasing number of PNs
performed despite the presence of a high-risk cancer profile.

An estimated 350,000 new cases of kidney cancers were
diagnosed worldwide in 2013. For this reason, renal tumor
is the seventh most common malignancy and it causes more
than 140,000 deaths per year (1, 2). Renal cell carcinoma
(RCC) comprises more than 90% of such malignancies (3,
4). Some of the most common risk factors of the disease
such as cigarette smoking, obesity and hypertension are still
highly prevalent in western countries which could lead to the
increased rate of RCC (5-8). Doubtless, advances in imaging
technology, namely abdominal ultrasounds, computed
tomography (CT) and magnetic resonance (MRI) are playing
a role in the diagnosis of incidental renal masses that are
increasing over time (9). This aspect has prompted interest
in active surveillance as a treatment option for the small
and/or low-grade masses, especially if supported by an
imaging-guided biopsy that can characterize the tumor (10).

Despite these considerations, a notable proportion of patients
is still diagnosed with big masses and symptomatic disease,
nodal or distant metastases and/or paraneoplastic syndrome
(11-12). These patients have most of the times unfavorable
histopathologic patterns and worse prognosis. This study
focused on this class of pathological high-risk RCC patients to
verify whether the trend to early diagnosis changed the clinical
characteristics of these subset of patients over the last years.
Given the increasing life expectancy (LE) and a shift towards
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advanced imaging technology observed throughout the last
decade that increased the incidental detection of small renal
masses (13-15), we hypothesized a trend towards older
patients, with more comorbidities and lower aggressive clinical
presentation. Unfortunately, to the best of our knowledge,
contemporary data evaluating the temporal trend of clinical
characteristics of pathologically confirmed high-risk RCC
patients are not available. To address this limitation, this study
relied on the largest cohort of RCC patients who harbor
pathological high-risk disease, treated with partial (PN) or
radical nephrectomy (RN) in a single tertiary referral center.

Materials and Methods

Study population. Data were retrieved from our institutional
database for 2,736 consecutive patients, who were treated with PN
or RN at a single tertiary care referral center between 1987 and
2011. This study focused exclusively on RCC patients (clear cell,
papillary type I and II and chromophobe carcinomas) with a
pathologically confirmed high-risk disease defined as pT1-4 and/or
positive lymph nodes (pN+) and/or Fuhrman grade =3 and/or
clinical metastases (M+). Additional exclusion criteria consisted of
men who underwent surgery for low-risk RCC, patients with benign
tumors, unfunctional kidneys or urothelial cancers of the renal
pelvis, as well as patients under 18 years of age. This resulted in a
final assessable population of 741 pathologically defined high-risk
RCC patients.

Covariates. For each patients age at diagnosis, year of surgery,
gender, body mass index (BMI), clinical tumor size, clinical stage
(T1, T2, =T3) clinical nodal status, symptoms (asymptomatic,
regional and systemic symptoms), presence of metastases at
diagnosis and type of surgery (RN or PN) were recorded. Patient
health status was assessed by the Charlson comorbidity index (CCI)
(16), which was set to 0 vs. 1 vs. =2.

Patients were staged at diagnosis with CT/MRI of the abdomen
and chest X-ray. Clinical tumor size definition was based on pre-
surgery imaging and defined as the greatest tumor diameter,
measured in cm. A clinically positive node was defined as the
presence of at least one imaging detected lymphadenopathy (>10
mm) in the retroperitoneal lymphatic area. Brain scan assessment
was performed in patients at high risk of bone and/or brain
metastases or in case of local/distant metastases in abdominal and
thoracic imaging (11, 17), TNM stages were assigned according to
the 2009 American Joint Committee on Cancer/Union Internationale
Contre le Cancer classification (11, 18). Cases before the
introduction of the most updated classification were reclassified.

Statistical analyses. Frequencies and proportions were reported for
categorical variables. Medians, and interquartile ranges were
reported for continuously coded variables.

Our analyses consisted of three steps. First, the temporal trends
for each demographic variable (age at diagnosis, gender, BMI), for
the number of comorbidity (0 vs. 1 vs. 22) and for the clinical
presentation (asymptomatic vs. regional vs. systemic symptoms)
were examined, using the lowest smoother weighted function with
corresponding 95% confidence interval. Second, the same
methodology was used to assess the temporal trends for each pre-
operative tumor characteristics (clinical tumor size, clinical stage,

4124

clinical nodal status, and presence of metastases). Finally, the same
methodology was used to examine the temporal utilization trends
for each of the two alternative treatment modalities (RN vs. PN).
Central tendencies and dispersion measures were tabulated for each
year of observation. The estimated annual percentage changes
(EAPC) were evaluated using a log linear regression model.
Moreover, a linear regression model was used to examine whether
the trend is positive or negative. All statistical tests were performed
using the RStudio graphical interface v.0.98 for R software
environment v.3.0.2 (R Foundation, Vienna, Austria). All tests were
two-sided with a significance level set at p-Value <0.05.

Results

Baseline characteristics. The clinical characteristics of the
cohort are shown in Table I. Overall, 741 patients were
observed. Median age was 62.3 years old. Most patients
were male (75.8%), had no comorbidity (50.6%), and they
were asymptomatic at diagnosis (49.4%). Moreover, the
median clinical tumor size was 7 cm; most patients had
clinical T1 RCC (47.1%), no clinically positive nodes (74%)
and no metastases at diagnosis (74.1%). Overall, 719 patients
had a single renal lesion and 22 patients had 2 or more
masses; 389 involved the right kidney while 352 the left one.
None reported bilateral tumors. Overall, 645 (87%) and 96
(13%) patients were treated with RN and PN, respectively.

Trends of clinical characteristics. During the study period,
the median age ranged from 57.5 in 1987 to 67.3 years old
in 2011 (EAPC 4.9%, p=0.002, Figure 1A). A slight increase
in the median BMI was observed from 24.9 in 1987 to 26.1
in 2011 (EAPC 2.4%, p=0.07, Figure 1B). Conversely,
gender rates remained relatively unchanged (18.8 to 16.7%
for female; 81.2 to 83.3% for male; Figure 1C; Table II).
After an initial sharp increase in the rate of patients without
comorbidities until 1994, thereafter a constant trend towards
patients with one or more comorbidity was observed (Figure
1D; Table II). Regarding the clinical presentation, the rate of
patients without symptoms at diagnosis increased by 41.1%
over the study period (from 22.2 to 63.3%; p<0.001).
Conversely, patients with regional and systemic symptoms
at diagnosis decreased by 15.1 and 26%, respectively
(p=0.01 and 0.07 respectively, Figure 1E; Table II).

Figure 2 shows the annual temporal trends for each pre-
operative tumor characteristic. The median clinical tumor
size decreased from 8.4 cm in 1987 to 6.2 cm in 2011
(EAPC -12%, p=0.001, Figure 2A). A progressively
increased rate of clinical T1 by 19.8% (from 35.6 to 55.4%;
p=0.007) and a progressively decreased rate of clinical T2
by 25.4% (from 48.7 to 23.3%; p=0.003) was observed. On
the other hand, patients who harbored clinical T3 or more
remained stable over time, (from 15.7 to 21.3%; p=0.8;
Figure 2B, Table III). An absence of positive or negative
trend was also observed for clinical positive nodes (Figure
2C; Table III). Conversely, despite a statistical level of
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significance was not reached, a clinically relevant increase
by 15.3% was observed in the rate of patients without
metastases (p=0.07; Figure 2D; Table III). Finally, an
increased rate by 23.3% was observed for patients treated
with PN (p<0.001; Figure 3).

Discussion

Renal cell carcinoma (RCC) has been increasingly diagnosed
mainly due to incidental detection of small renal masses.
However, in a non-negligible proportion of cases, the
diagnosis is made in presence of locally advance disease or,
even, in presence of distant metastases (2). The objective of
this study was to evaluate changes of clinical characteristics
over the years in patients with a pathologically confirmed
diagnosis of high-risk RCC. Our hypothesis stated that during
the last 25 years with the increasing LE (13, 14) and with an
increase in the early detection of renal masses (2), the clinical
presentation of pathological high-risk patients might shift
towards lower aggressive characteristics at diagnosis.

Our results confirmed our hypothesis. First, the population
evaluated in this study showed a significant progressive aging
during the study period (EAPC 4.9%, p=0.002). This finding
is due to the increasing LE worldwide (13, 14). Different
studies reported that incidence rates of RCC increased with age
(19), with the highest incidence among the elderly (age >75
years) (4). However, to the best of our knowledge, similar
analyses focusing on the trend of the median age for
pathological high-risk RCC was not reported. In consequence,
our data represent the first published report of a paradigm shift
to older patients with high-risk disease over time. This trend
was accompanied by a consequently trend towards patients
with one or more comorbidity after 1994.

Second, our population showed a slightly increased BMI
during the analyzed period (EAPC 2.4%), enlightening that
our patients are becoming overweighed. However, this trend
failed to reach statistical significance (p=0.07). A possible
explanation of the lack of statistical power could be due to
the relatively small sample size of our cohort. Nevertheless,
previous studies supported our results underling that body
fatness interested half of the European population (20). This,
should motivate the clinicians to counsel their patients to
lose weight given the strong correlation between obesity and
kidney cancer (6, 7).

Third, the incidence rates between genders remained
relatively stable from 1987 and 2011 at our institution and
this study confirmed that the incidence predominates in men
(2-11). It is of note that the overall rate of RCC in the female
cohort was 24.2%, against the 30% of the reported series in
literature (4).

Fourth, the median tumor size of our cohort progressively
decreased from 1987 to 2011 (EAPC -1.2%, p=0.001). This
is due to the overwhelmingly use of abdominal imaging for

Table 1. Descriptive characteristics of 741 high-risk RCC patients
treated with partial or radical nephrectomy at a single tertiary referral
centre between 1987 and 2011.

Overall

Age at diagnosis

Median 62.3

Range 20.8-89.6
BMI

Median 254

IQR 23.1-27.8
Gender (%)

Female 179 (24.2)

Male 562 (75.8)
CCI (%)

0 375 (50.6)

1 190 (25.6)

=2 176 (23.8)
Symptoms (%)

Asymptomatic 366 (49.4)

Regional 238 (32.1)

Systemic 137 (18.5)
Clinical tumor size, ml

Median 7

IQR 5-10
cT stage (%)

1 349 (47.1)

2 218 (29.4)

=3 174 (23.5)
cN stage (%)

0 548 (74)

1 193 (26)
cM stage (%)

0 549 (74.1)

1 192 (25.9)
Type of surgery (%)

RN 645 (87)

PN 96 (13)

IQR: Interquartile range; RN: radical nephrectomy; PN: partial
nephrectomy.

different medical disorders that increases the probability of
small renal masses diagnosis.

Fifth, it is of note to observe a trend towards lower
aggressive disease. Specifically, an increasing rate in clinical
T1 disease by 19.8% during the study period was observed
(p=0.007). Conversely, an absence of positive or negative
trend was observed for patients who harbored invasive renal
tumors (clinical T3 or more) that can probably justify the
persistency of a paraneoplastic syndrome in contemporary
patients with RCC (11). Moreover, despite a constant trend
in the rate of N+ during the study period, a clinically relevant
decreasing rate in M+ disease was observed from 33.6% in
1987 to 18.3% in 2011. The absence of a reduction of clinical
N+ could be a result of the unchanged rate of T3 or higher
tumors over the time. Our findings are in agreement with the
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observation of Sun ef al. (21) that reported an age-adjusted
incidence rate of N+ stable from 1988 to 2006 in SEER
database (1.6 per 100,000 to 1.6 per 100,000; p=0.9).
Conversely, age-adjusted incidence rates decreased for M+
from 2.1 per 100,000 in 1988 to 1.8 per 100,000 in 2006
(»=0.01). However, this study did not focus exclusively in
patients with pathologically-confirmed high-risk RCC and
lack of contemporary analyses. Furthermore, the reported
rates of M+ in our study are in line with previously reported
findings (2) and can potentially explain the reported
decreased mortality of RCC in our country (4). This trend
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towards lower aggressive disease validates the sharp increase
of the patients without symptoms at diagnosis by 41.1%
(p<0.001) observed at our institution during the study period.

Finally, the data of this study confirm the worldwide
increasing use of PN as treatment of choice for patients with
high-risk RCC (22-24). Specifically, it increased by 23.3%
during the study period (p<0.001). A possible explanation for
this finding could be the decreased tumor size observed during
the last 25 years or it could be due to the acquired minimally
invasive surgery at our institution. Sivarajan et al. (25) reported
an increase by 16-35% of nephron-sparing surgery in hospitals
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Figure 3. Temporal trends of treatment among high-risk renal cell
carcinoma patients: radical nephrectomy vs. partial nephrectomy, as
recorded between 1987 and 2011 in 741 patients from a single tertiary
referral center (dotted lines: 95% confidence interval).

that have acquired surgical robotic systems compared to
institutions without this minimally invasive technology.

All together these data strongly support a change in cancer
features at diagnosis in the setting of high-risk RCC patients
over the last 25 years. A better clinical presentation is
expected in more contemporary patients as compared to what
reported in historical series. To the best of our knowledge,
this is the first and largest study focused on the trend of
clinical characteristics in a large cohort of high-risk RCC
patients treated at a single European referral center.

Our study has important clinical implications for
management of high-risk RCC. It confirms the paramount
importance of nephron-sparing surgery that is increasing with a
contemporary decrease of the tumors size. This trend is
noteworthy and it warrants considerations in the light of the
previous results. First, it reflects the increasing use of PN since
different studies suggested a similar oncological control to RN
(26) with the additional benefit of sparing a healthy part of
kidney (27). The consequently preservation of renal function is
important given the long survival in patients treated with
surgery, especially if they harbored organ-confined disease.
Moreover, the preservation of normal parenchyma is mandatory
given the long-term protective effect related to nephron-sparing
surgery for risk of cardiovascular events after surgery compared
to RN (28, 29). This last statement is noteworthy, given the
aging of the population and the increasing LE worldwide (13,
14) as proved by a trend towards treating older patients with
more comorbidities (Figure 1A and D). Second, our findings

suggest that our Department strictly adhere to international
oncological guidelines that suggest nephron-sparing surgery as
the treatment of choice when a healthy part of kidney can be
spared. Last but not least, the sharp increase in the rate of PN
reflects the improvements in surgical approaches, as well as the
increased surgical attitude towards this procedure. This brings
us to believe that the PN will definitely increase in the next
years. Additionally, since the increasing rate of T1 was followed
by a decrease in M+ disease, but not in a decrease of N+
disease, our results raise the knowledge that despite the
advances in imaging observed during the last years, further
efforts need to be made in the diagnosis of kidney cancer.
Despite its strengths, our study is not devoid of
limitations. First, individuals treated at a single institution
might not be representative of the overall population of high-
risk RCC patients. In particular, tertiary referral centers
might attract the most challenging cases. Consequently, this
might, in part, limit the generalizability of our findings to
contemporary high-risk patients, especially the increased rate
of nephron-sparing surgery that is still underutilized in non-
academic hospitals (2). Second, all these individuals, despite
their aggressive cancer features, were considered eligible for
surgery, thus introducing another important possible patient
selection bias. Third, any speculation of the incidence of the
disease can be made due to the largely inadequate number of
cases registered per year. However, to the best of our
knowledge this is the largest study on temporal trends of
clinical characteristics in this subset of patients. Furthermore,
specific situations, such as seasonal reduction of the activity
or institution occurrences can bias our results. Last but not
least, the data reported merit to be supported by updated
follow up to look at survival and functional outcomes.

Conclusion

Over the years, pathologically-confirmed high-risk RCC
patients are older, with more comorbidities and mostly
asymptomatic at diagnosis. Moreover, a trend towards smaller
cancer volume, increased rate of tumors localized to the kidney
and decreased rate in metastatic disease is observed. These
trends can explain the increasing number of PNs observed.
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