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Purpose
Secondary primary cancers (SPCs) commonly arise in patients with renal cell carcinoma
(RCC). We designed the present study to estimate the SPC incidence in Korean patients
with RCC.

Materials and Methods

The study cohort was population-based and consisted of 40,347 individuals from the Korean
Central Cancer Registry who were diagnosed with primary renal cancer between 1993 and
2013. Standardized incidence ratios (SIRs) for SPCs were estimated for different ages at
diagnosis, latencies, diagnostic periods, and treatments.

Results

For patients with primary RCC, the risk of developing a SPC was higher than the risk of
developing cancer in the general population (SIR, 1.13; 95% confidence interval, 1.08 to
1.18). Most cancer types showed higher incidences in patients with RCC than in the general
population. However, the relative incidence of gastric cancer as an SPC varied by age. Gas-
tric cancer incidence was elevated in young patients (< 30 years) with RCC, but reduced in
older (> 30) patients with RCC. Patients with advanced RCC died prematurely, regardless
of SPC development. In contrast, those with early-stage RCC survived for longer periods,
although SPC development affected their post-RCC survival. After SPC development, women
had better survival than men.

Conclusion

In Korean patients with primary RCC, the incidence of SPC was 13% higher than the inci-
dence of cancer in the general population. These findings may play important roles in the
conduct of follow-up evaluations and education for patients with RCC.
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Introduction

The number of cancer survivors continues to increase
because of earlier diagnosis, improvements in treatment, and
supportive care [1,2]. As advancements are made in medical
diagnostic imaging, a growing number of renal cell carci-

| http://www.e-crtorg |

noma (RCC) cases are being discovered incidentally because
small RCC tumors tend to be asymptomatic [3]. According
to the Korea Central Cancer Registry (KCCR), 4,333 new RCC
cases were diagnosed in 2013 (male, 2,992; female, 1,341),
amounting to an incidence of 5.7 cases per 100,000 individu-
als (male, 8.3; female, 3.4). Additionally, in Korea, the 5-year
survival rates of men and women with RCC have increased
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gradually, rising from 60.8% and 64.5% in 1993-1995 to 80.5%
and 81.6% in 2009-2013, respectively [4].

Previous studies have reported that the risk of developing
second primary cancers (SPCs) in RCC survivors is higher
than the risk of developing primary cancers in comparable
members of the general population. RCC survivors have
been observed to have elevated risks of bladder, prostate, col-
orectal, lung, and nervous system SPCs, as well as second
primary melanoma and non-Hodgkin’s lymphoma [5,6]. The
elevated incidences of SPCs might be attributable to the
application of more intensive medical surveillance following
the development of primary cancer, genetic or non-genetic
factors that are shared between the primary cancer and SPCs,
or interactions between the primary cancer and SPCs [7,8].

Novel treatment modalities are improving the survival
rate of patients with RCC [9,10], and understanding the inci-
dence and prognostic importance of SPC has become a con-
cern for treatment providers and RCC survivors, particularly
in relation to quality of life. In this context, the objective of
the present study of Korean patients with RCC was to calcu-
late the SPC incidence and evaluate the effects of SPC on sur-
vival. The ultimate goal of our analysis was to produce data
that would be useful for the management of patients with
RCC.

Materials and Methods

1. Study population and data collection

We evaluated 40,347 patients who were diagnosed with
primary RCC between 1993 and 2013, as recorded in the
KCCR (Fig. 1). The Korean Ministry of Health and Welfare
began accumulating data via the KCCR in 1980 [11]. Until

1998, cancer cases were collected and registered annually
from > 180 Korean hospitals, which are believed to have
included 80%-90% of all cancer cases in Korea [11]. Since
1999, population-based cancer incidence data have been pro-
duced systematically, and the KCCR data from 1999 to 2002
have been published in the Cancer Incidence in Five Continents.
Vol. 9, which reflects the completeness and validity of the
dataset [12]. The cancers recorded in the KCCR were classi-
fied based on the International Classification of Disease for
Oncology, 3rd edition (ICD-O-3) [13]. RCC was defined as
being present for cases with ICD-O-3 code C64.9. The KCCR
data includes patient information (sex and age at the time of
diagnosis), cancer information (date of diagnosis, tumor site,
histology type, and Surveillance, Epidemiology, and End
Results [SEER] summary stage), and first-line treatment
information (surgery, chemotherapy, radiothereapy [RT],
immunotherapy, and hormone therapy). The details of the
KCCR are widely published [4,11,14]. For the multiple pri-
mary rules, we used the definition from the International
Agency for Research on Cancer [15].

If an SPC was identified within the first 2 months after the
diagnosis of the first primary cancer, it was considered to be
a synchronous cancer, and was therefore excluded from our
study [16]. Additionally, to avoid potential confusion, sec-
ondary kidney cases were also excluded.

The reasons for exit from the present study were death
during follow-up (n=12,262, 30.39%) and the end of the study
period (n=28,085, 69.61%). The National Cancer Center Insti-
tutional Review Board approved this study (NCC2016-0230).

2. Statistical analyses

To provide a quantitative comparison of the cancer risks
faced by patients with RCC and the general population, we
calculated standardized incidence ratios (SIRs) and corre-
sponding 95% confidence intervals (95% Cls). We chose to

Subjects from Korea National Cancer Incidence Database
(KNCIDB) during 1993-2013 (n=2,598,399)

A

Subjects who occurred in other cancer sites as
an index cancer were excluded (n=2,556,575)

| Subjects who was diagnosed with RCC (n=41,824) ‘

Subjects who died 1,187, lost to follow-up 0, or reached study
cut-off 290 within 2 months were excluded (n=1,477)

| Final study population (n=40,347)

Fig. 1. Flow chart of selection of the study population. RCC, renal cell carcinoma.
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Table 1. Characteristics of patients with initial kidney cancer, 1993-2013

Patients with kidney cancer
Time period kidney cancer diagnosis

1993-1997

1998-2002

2003-2007

2008-2013
Age at diagnosis with kidney cancer, mean+SD (yr)
Age at diagnosis with kidney cancer, median (range, yr)
Patients by age at 1st primary kidney cancer diagnosis (yr)

0-29

30-59

> 60
Primary treatment for kidney cancer

Surgery

Radiation

Chemotherapy
Follow-up after kidney cancer diagnosis, mean+SD (yr)
Follow-up after kidney cancer diagnosis, median (range, yr)
Patients who developed subsequent primary cancers
Patients by number of subsequent primary cancer

1

2

>3
Age at diagnosis of 2nd primary cancer, mean+SD (yr)
Letency between 1st and 2nd cancers, mean+SD (yr)
Letency between 1st and 2nd cancers, median (range, yr)
Patients by latency group between 1st and 2nd cancers (mo)

<12

12-59

60-119

>120
Patients by age at 2nd primary cancer diagnosis (yr)

0-29

30-59

> 60
Follow-up after 2nd primary cancer diagnosis, mean+SD (yr)

Follow-up after 2nd primary cancer diagnosis, median (range, yr)

40,347 (100)

3,938 (9.76)

6,684 (16.57)
10,569 (26.20)
19,156 (47.48)

56.36+15.18

57.00 (0.00-100.00)

1,532 (3.80)
20,927 (51.87)
17,888 (44.34)

32,688 (81.02)
1,343 (3.33)
3,545 (8.79)

5.14+4.82
3.63 (0.00-20.80)
2,111 (5.23)

1,977 (4.90)
126 (0.31)
8(0.02)
64.15+11.61
4.97+4.26
3.83 (0.17-20.00)

354 (16.77)
912 (43.2)

543 (25.72)
302 (14.31)

15 (0.71)
639 (30.27)
1,457 (69.02)
3.08+3.06
2.17 (0.00-19.42)

SD, standard deviation.

use the SIR because it is a measure of relative risk that com-
pares the incidence rate of the subsequent cancer of interest
to the baseline incidence rate in the general population. Can-
cer incidence rates were calculated for each type of cancer,
by sex, age and calendar year, and were multiplied by the
accumulated person years at risk to estimate the expected
number of subsequent cancers for each stratum. SIRs were
obtained by dividing the observed number of second cancers
in patients with RCC by the expected number, if the patients

in the cohort experienced the same cancer rates as members
of in the general population. We calculated the person-years
at risk from 2 months after the date of the initial RCC diag-
nosis to the date of the last known survival status, death, or
study completion (December 31, 2013). For analysis, the sub-
jects were stratified by age at RCC diagnosis (< 30, 30-59, and
> 60 years), latency (< 1 year, 1-5 years, 5-10 years, and > 10
years), and the period of RCC diagnosis (1993-2000 and 2001-
2013).
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Data were also analyzed based on the treatment modalities
that had been used for RCC. Treatment given within 4
months of the initial RCC diagnosis was considered to be
tirst-line treatment. Survival probabilities were calculated
using the Kaplan-Meier method [17], based on the presence
of an SPC. Intergroup differences were evaluated using the
log-rank test. All statistical tests were two-sided, and a
p-value of < 0.05 was considered statistically significant.
SEER*Stat software (ver. 8.3.2, http://seer.cancer.gov / seer-
stat) was used to calculate the SIRs and 95% Cls. Survival
curves and log-rank tests were generated using STATA ver.
11 (StataCorp LP, College Station, TX).

Results

The characteristics of the 40,347 patients with primary RCC
are shown in Table 1. Those with primary RCC had an ele-
vated overall risk of developing an SPC. For the following can-
cers, the incidences of SPC were higher in patients with RCC
than in comparable members of the general population: lung
cancer, female breast cancer, thyroid cancer, soft tissue tumor,
acute lymphocytic leukemia, skin melanoma, prostate cancer,
bladder cancer, and renal pelvis tumor (Table 2). On the other
hand, the risks of gastric, and esophagus cancer in RCC
patients were significantly decreased (SIR, 0.68 and 0.60,
respectively).

Following a diagnosis of RCC, the risk of thyroid cancer as
an SPC tended to decrease over time. For patients examined
within 1 year after diagnosis of RCC, there was an increased
risk of thyroid cancer (SIR, 4.29). For patients followed for 1-5
years, the risk decreased to an SIR of 2.85. Finally, the SIR
decreased to 2.09 in patients after an even longer follow-up
period (=5 years). Similar findings were seen for prostate and
bladder cancer. The early-onset group had higher relative risks
for all SPCs than the mid or late-onset groups (SIR, 4.38).
Patients who developed RCC at < 30 years of age had elevated
incidences of gastric cancer as an SPC (SIR, 2.19), but those
who developed RCC at 30-59 and > 60 years of age had
reduced incidences (SIR, 0.74 and 0.64, respectively). To inves-
tigate the potential effects of changes in the techniques and
methods that were used for diagnosis and treatment, we con-
sidered two separate analysis periods (1993-2000 and 2001-
2013). However, there were no significant differences in the
incidence of SPCs between these periods (Table 2).

To investigate the effects of first-line treatment for RCC on
the risk of SPC, we calculated SIRs according to RT, surgery,
and chemotherapy. For all treatment modalities except RT, the
risk of SPC was significantly higher in RCC patients than the
risk of cancer in comparable members of the general popula-

tion. Similarly, for all therapies, the risks of urological cancers
were higher in RCC patients than in the general population.
Among the 32,688 patients (81.02%) who underwent surgery
as the initial therapy for RCC, the incidences of gallbladder
and cervical cancers appeared to be lower than the incidences
of these cancers in the general population (SIR, 0.64 and 0.66,
respectively), but did not reach statistical significance (Table 2).

During 21 years of follow-up, 12,241 of the 40,347 patients
with RCC died. The 10-year overall survival (OS) rates were
60.9% and 63.1% in the SPC and non-SPC groups, respectively
(p >0.05). The 5- and 15-year OS rates in the SPC group were
81.3% and 44.7%, respectively, whereas those in the non-SPC
group were 71.8% and 55.9%, respectively. The curves inter-
sected over time. The SPC group had a higher OS rate than the
non-SPC group prior to 8 years, but the rate began to decrease
thereafter (Fig. 2). Among patients who developed SPC, the
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0.25 1

—— Patients with kidney cancer only
Patients with SPC after kidney cancer
0 T T T T T

0 2 4 6 8 10 12 14 16 18 20

Survival time after kidney cancer (yr)

Y Kidney cancer only ~ SPC after kidney

(n=38,236) cancer (n=2,111)
1 86.3 97.9
2 80.5 945
3 76.9 90.5
4 74.0 85.3
5 7.8 81.3
7 67.8 73.5
10 63.1 60.9
15 55.9 447
19 50.6 31.0

Log-rank p > 0.05

Fig. 2. Kaplan-Meier curve: survival after kidney cancer
according to whether secondary primary cancer (SPC).
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Fig. 3. Kaplan-Meier curve: survival after second cancer
according to sex in patients with second cancer.

OS rate following SPC onset was higher for women than for
men (Fig. 3).

To analyze the associations between SPC incidence and OS
according to RCC stage, we performed a subgroup analysis
on patients from 2006-2013. The OS curves of those with an
SPC and those with RCC only (i.e., the non-SPC group) inter-
sected 5.25 years after RCC diagnosis (S1 Fig.). Distant stage
disease was present in 4.17% and 12.52% of cases in the SPC
and non-SPC groups, respectively. Before 5.25 years after RCC
diagnosis, the proportion of patients with distant stage disease
at the time of diagnosis was 16.41%, but this value decreased
to 2.47% thereafter (p < 0.05). Regarding the presence of SPC,
before 5.25 years, 16.66% of cases in the non-SPC group and
6.65% of cases in the SPC group were distant stage (p < 0.05)
(S2 Fig.). However, there were no differences in stage between
the 2 groups after 5.25 years of follow-up (p=0.39). After 5.25
years, the survival rate of the SPC group decreased over time
and was lower than that in the non-SPC group.

Discussion

Our results show that the risk of SPC in patients with a
diagnosis of primary RCC was higher than the risk of cancer
in the general population, a finding that is consistent with
previous reports. Our results also show that—unlike other
types of SPCs—the risk of developing gastrointestinal SPC
was age-dependent. Patients who had RCC onset before the

298  CANCER RESEARCH AND TREATMENT

age of 30 years showed an elevated risk of gastric SPC, while
those who developed RCC at older ages showed reduced
risks of gastric SPC. In RCC survivors who undergo nephrec-
tomy, lifestyle changes (e.g., limiting excessive dietary salt,
spice food and high calorie intake, quitting smoking) are rec-
ommended to maintain the residual kidney function and pre-
vent cancer recurrence. Such adaptations have prophylactic
effects for gastric cancer [18,19], which might explain the
reduced incidence of gastric cancers in those who develop
RCC after the age of 30.

In the present study, we observed that patients with RCC
had higher incidences of the following cancers than did com-
parable members of the general population: lung, breast,
prostate, bladder, and renal pelvis tumor, as well as mela-
noma.

We observed that about 13% of all patients with RCC had
one or more new primary tumors. Across previous studies,
the incidence of SPC among RCC patients has been quite
diverse. For instance, in a study of the SEER database during
1973-2006, Chakraborty et al. [20] found a 10% incidence of
SPC in RCC. On the other hand, in a study set in Norway,
Beisland et al. [21] a 47% incidence of SPC in RCC. Other
studies have reported incidences of 16% and 18.5% [22,23].
The diverse incidences of SPC in the investigated registries
might be explained by differences in intrinsic factors (such
as genetic backgrounds and ethnic groups) and extrinsic fac-
tors (such as life styles and environment).

The immune system has been implicated in both RCC and
melanoma. Interferon-o (IFN-a) and high-dose interleukin 2
(IL-2) were reported to be effective for RCC, prior to therapy
using a targeted agent against metastatic RCC [24]. IL-2 stim-
ulates T-cell proliferation and differentiation, whereas
IFN-a has antiangiogenic effects [25]. Recently, immunother-
apy based on the close association between melanoma and
immunity has had a profound impact on the treatment of
metastatic melanoma [26]. Many studies that are currently
underway use agents that target programmed death-1 (PD1)
[27,28]. And these agents have been reported to have impres-
sive antitumor effects in several malignancies, including
melanoma and urologic cancer [29,30].

We also found that the incidence of thyroid SPC in patients
with RCC was higher than the incidence of thyroid cancer in
comparable members of the general population, regardless
of age, latency, or period of diagnosis (1993-2000 vs. 2001-
2013). Although we predicted that incidence of thyroid can-
cer would have increased due to the recent popularization
of thyroid examinations, the fact that thyroid cancer was
even more common in RCC patients than in the general pop-
ulation implies an association between RCC and thyroid can-
cer. Some studies have reported that patients with thyroid
cancer are at risk of developing a second cancer of the kidney
[31-35]. Genetic correlations between RCC and thyroid can-
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cer might contribute to a higher risk of SPCs in a given pop-
ulation.

The incidence of primary thyroid cancer likely increased
after 2000 because of increased surveillance, as a result of
changes in health insurance coverage. Another possible
hypotheses for our results are as follows. First, surveillance
may need to be more frequent for cancer patients than gen-
eral population. Secondly, a distinct inherited tumor syn-
drome has been characterized as association of papillary
thyroid cancer, nodular thyroid disease, and papillary renal
neoplasia [36].

The survival of patients with RCC is heavily dependent on
cancer stage at the time of diagnosis. Patients who are diag-
nosed with advanced RCC are expected to have poor sur-
vival outcomes. However, early-stage RCC is associated with
a more favorable prognosis and more than 10 years of sur-
vival following complete resection, meaning that the survival
rates of patients with early-stage RCC could depend substan-
tially on the risk of developing SPC and SPC prognosis.

In the present study, we observed that survival curves of
patients with and without SPCs intersected over time. More
specifically, the SPC group had a high survival rate prior to
8 years following the RCC diagnosis, but the non-SPC group
had a higher survival rate thereafter. SPC risk after RCC
increased with time and was higher in men (Fig. 3), whereas
survival rates were higher in women.

Overall, these results indicate that the non-SPC group had
significantly more cases of advanced RCC at the time of
diagnosis. In addition, survival was superior in the SPC
group within the first 5.25 years of diagnosis, implying that
the survival rate of RCC patients might be affected by the
presence of SPC.

The development of RCC and gastric cancer in relatively
young patients (< 30 years) is usually due to common genetic
mutations. It is already widely known that RCC is associated
with mutations in the von Hippel-Lindau tumor suppressor,
succinate dehydrogenase B (SDHB), c-mesenchymal-epithe-
lial transition (c-MET), and fumarate hydratase genes [37].
Fioroni et al. [38] suggested that, despite the inconclusive
results that have been obtained in multiple studies, c-MET
amplification is likely to be intimately associated with gastric
cancer. Peng et al. [39] reported that, in gastric cancer, higher
c-MET gene expression was associated with poor prognosis.
Furthermore, many studies have reported that chromosome
3p translocation of SDHB is associated with gastrointestinal
stromal tumors [40-42].

The main limitations of this study are its retrospective
nature and the inherent limitations of publicly available reg-
istry databases, such as underreporting (e.g., surgical treat-
ment type, tumor size, TNM stage and grade, some of kidney
cancer cell types [papillary and chromophobe type], and
adjuvant treatment) after nephrectomy were not available)

and the lack of some variables (e.g., RT dosage, types of sys-
temic therapy for metastatic RCC). Additionally, some spe-
cific and relevant data were not recorded, such as on envi-
ronment-lifestyle factors and comorbidities other than can-
cers. Furthermore, the short follow-up period was a limita-
tion of our study. The median follow-up duration was 3.63
years in the entire study cohort. This duration is relatively
short in comparison with previous studies. Therefore, further
studies with longer follow-up periods should be conducted
to assess the risk of SPC development with improved accu-
racy and to overcome surveillance bias.

In conclusion, we conducted the first nationwide analysis
that has estimated the risk of SPC among patients with kid-
ney cancer in Korea. Our analysis provides basic information
on the characteristics and survival rates of patients who have
primary kidney cancer and SPC. The risk of developing SPC
in patients with RCC was higher than the risk of developing
cancer in the general population. Most cancer types showed
higher incidences in patients with RCC than in the general
population. However, the relative incidence of gastric cancer
as an SPC varied substantially by age. From a clinical per-
spective, these results suggest that patients with RCC, espe-
cially those who are long-term survivors, should be moni-
tored carefully for the development of SPC.
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