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Abstract

Sporadic bilateral renal cell carcinoma (BRCC) is a rare situation of RCC. The treatment for BRCC is controversial and
there is a lack of authoritative guidelines about the management of BRCC. Patients diagnosed with sporadic BRCC between
2004 and 2020 were identified from Surveillance, Epidemiology, and End Results (SEER) database. The primary outcome
was overall survival (OS). Kaplan—Meier survival analysis, Cox regression analysis, and competing risk regression mod-
els were used to compare survival outcomes and identify prognostic factors. A total of 20,523 patients (16,534 unilateral
RCC [URCC] patients and 3989 BRCC patients) were included. The prognosis of BRCC patients is between metastatic
and non-metastatic URCC patients. 3677 patients were diagnosed with localized BRCC (2180 synchronous BRCC patients
and 1497 metachronous BRCC patients). Compared with metachronous BRCC, synchronous BRCC patients had relatively
poor OS. However, the CSS was similar. Partial nephrectomy (PN) leads to the best OS and provides equivalent oncological
outcomes to radical nephrectomy. Local tumor destruction (LTD) could also achieve an acceptable cancer-control effect.
Then we developed treatment flowchart for localized BRCC patients. Additionally, we identified the prognostic factors, and
analyzed the association between factors using the multivariable Cox regression method. PN should be the initial treatment
for sporadic localized BRCC patients if feasible. LTD could be considered as an effective treatment alternative. This study
could provide evidence for the optimization of individualized treatment for sporadic BRCC patients.

Trial registration: The trial was registered on the ClinicalTrials.gov (NCT06369519).
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pNET Pancreatic neuroendocrine tumor

PSM Propensity score matching

RCC Renal cell carcinoma

RFA Radiofrequency ablation

ROC Receiver operating characteristic curve
SEER Surveillance, epidemiology, and end results
URCC Unilateral renal cell carcinoma
Background

Renal cell carcinoma (RCC) is one of the most common
malignancies of the urinary system [1, 2]. Bilateral RCC
(BRCC) is a rare situation with a reported incidence of 3—6%
of all RCC patients [2—5]. Multiple etiologic factors have
been reported to be associated with BRCC, including genetic
susceptibility, hereditary cancer syndromes and environ-
mental factors [4, 6]. Sporadic BRCC is a distinct subtype
and has different biological characteristics compared with
hereditary BRCC [7]. There has been a rise in the prevalence
of sporadic BRCC due to a variety of contributing factors
including overall growth of RCC incidence rates, increased
frequencies of surveillance imaging, and longer life expec-
tancy [8]. BRCC could be categorized into synchronous and
metachronous BRCC. Synchronous BRCC is defined as the
second primary contralateral RCC emerges within 6 months
from the diagnosis of the first primary RCC, whereas
metachronous BRCC means second primary contralateral
RCC develops beyond 6 months from the diagnosis of the
first primary RCC [4]. Given the different time intervals and
the tumor heterogeneity, the treatment for BRCC should be
individualized.

Surgery is the main treatment for localized RCC [9]. Nev-
ertheless, the occurrence of BRCC offers challenging thera-
peutic dilemmas, which should balance the need for effective
long-term oncological control and maximal renal functional
preservation [10, 11]. The decision-making of treatments for
BRCC are controversial and there is still a lack of authorita-
tive guidelines about the management of BRCC. Currently,
partial nephrectomy (PN) has been advocated as an effec-
tive treatment to maximize the preservation of renal paren-
chyma [12]. However, the technical challenges of PN and
increased surgical complications make it inappropriate for
some patients such as those with significant comorbidities
[13]. In recent years, local tumor destruction (LTD) such
as renal mass ablation has emerged as a treatment alterna-
tive [14]. A few studies have focused on its application in
the treatment of BRCC [15, 16]. However, the relatively
small sample size, the retrospective design, may inevitably
introduce bias and lead to low quality of evidence. Further
investigation is warranted for the optimization of surgical
treatment for BRCC.
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Here, based on the large-scale population from the Sur-
veillance, Epidemiology, and End Results (SEER) database,
we conducted comprehensive analyses on the clinicopatho-
logical characteristics and the long-term survival outcomes
of BRCC patients. In addition, accurate risk assessment
and prognosis evaluation are essential for individualized
treatment decision. Due to the relatively low incidence and
highly heterogeneous tumor characteristics, there is a lack of
comprehensive effective risk assessment model for sporadic
BRCC. Therefore, we also identified the prognostic factors,
conducted multivariable Cox regression analysis, and devel-
oped treatment flowchart for sporadic localized BRCC. Our
study will not only perform the comprehensive long-term
survival analysis of BRCC patients from an epidemiological
point of view, but also provide evidence for the optimization
of the current treatment paradigm and individualized treat-
ment strategies for sporadic BRCC.

Materials and methods
Data sources and patient population

This retrospective cohort study was based on the SEER
database, which contains the population-based data from 17
Registries covering approximately 26.5% of the U.S. popula-
tion [17]. RCC patients were incorporated and divided into
the unilateral RCC (URCC) and BRCC cohorts. The inclu-
sion criteria of sporadic localized BRCC were: (1) adults
diagnosed with localized BRCC (MO) from 2004 to 2020;
(2) active follow-up. The exclusion criteria were: (1) diag-
nosed by autopsy or death certificate only; (2) tending to
suffer from hereditary RCC, including those complicating
with pancreatic neuroendocrine tumor (pNET), pheochro-
mocytoma, or hemangioblastoma; (3) unavailable key infor-
mation. The eligible patients were randomized 7:3 into the
training and validation cohort. The training set was used
to screen variables, and an attempt was made to develop
predictive models based on the information available from
the SEER database. The validation set was used for internal
validation. Given that the SEER database can be publicly
accessed, the study did not require informed consent and was
exempt from the review of IRB. The trial was registered on
the ClinicalTrials.gov (NCT06369519).

Data acquisition and outcome measurement

Demographic and clinicopathological information was col-
lected. The age at diagnosis of BRCC was defined as the
age at the first occurrence of primary RCC. The follow-up
period was defined as the time from the diagnosis of the sec-
ond primary RCC to death, loss of follow-up, or last follow-
up. The primary outcome was overall survival (OS), which
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was calculated as the time interval from the diagnosis of
the second primary RCC to death or the last follow-up. The
second outcome was cancer-specific survival (CSS), which
was calculated as the time interval from the diagnosis of the
second primary RCC to death from the same disease or the
last follow-up.

Statistical analysis

Descriptive statistics student’s t test, X2 tests, or Mann—Whit-
ney U test were applied to compare the baseline characteris-
tics. Propensity score matching (PSM) methods were used to
minimize bias related to nonrandom assignment when com-
paring intergroup prognosis [18]. Propensity scores were
estimated in multivariable logistic regression models based
on 11 predefined covariates, then a greedy 1:1 algorithm was
used to match randomly RCC patients from the two cohorts
by the closest propensity score. The process was conducted
using the “Matchlt” package in R software with a caliper
width of 0.002.

Differences in survival between groups were compared
via Kaplan—Meier (KM) analysis and log-rank tests. Cox
proportional hazard models were performed to identify the
variables that significantly impact OS. For CSS, considering
that other cause mortality (OCM) could be competing events
to cancer-specific mortality (CSM), competing risk regres-
sion models (CRR), were utilized and CSM was treated as
a competing risk [19]. Fine and Gray’s proportional subdis-
tribution hazard model was applied to test the differences in
cumulative incurred function (CIF) between different groups
and obtain independent prognostic factors [20]. Inclusion in
the multivariable analysis was determined by a priori cut-off
of p-value less than 0.1 by univariate analysis.

The potential prognostic factors were incorporated in the
least absolute shrinkage and selection operator (LASSO)
regression analysis to identify useful predictive factors,
which could avoid overfitting to some extent and select
the best weighting coefficient [21, 22]. The inclusion of
covariates in the nomograms comprehensively considered
the results of multivariate analysis and LASSO regression
analysis, and followed Harrell’s guideline [23]. The nomo-
grams were developed using the “rms” package in R. The
receiver operating characteristic curve (ROC) was plotted.
The area under the curve (AUC) and Harrell’s concordance
index (C-index) were calculated to evaluate the discrimina-
tive ability [24]. KM analysis and CRR were employed to
evaluate the ability of risk stratification. Calibration curves
were applied to verify the consistency between the predicted
values and the actual results. Moreover, decision curve anal-
yses (DCAs) were applied to evaluate the clinical net benefit
and utility of the predictive models at different risk threshold
probabilities [25, 26].

All statistical tests were performed using the R software
(version 4.3.1). A two-sided with P <0.05 was considered
statistically significant. The study was reported on line with
the STROBE criteria [27].

Results

Baseline cohort characteristics and analysis of URCC
and BRCC

The flowchart of patient selection is shown in Fig. 1. A total
of 20,523 (16,534 URCC patients and 3989 BRCC patients)
were included. The demographic and clinical characteristics
are summarized in Table 1. The second oncological charac-
teristics for BRCC were exhibited. The median [interquartile
range/IQR] age at diagnosis was 65 [58, 72] and 64 [55, 71]
for the URCC and BRCC patients. Compared with URCC,
second malignancies of BRCC had lower T stage but more
M1 stage. After PSM, all clinical characteristics between the
two cohorts were balanced (p > 0.05, Fig. S1).

KM analyses indicated that compared with URCC,
BRCC correlated with worse OS and higher rates of CSM
(Fig. S2A, B, E, F). There was no significant difference
in OS between metachronous BRCC patients and URCC
patients. Synchronous BRCC patients had worse OS than
URCC patients and metachronous BRCC patients (Fig. S2C,
D, p<0.05). Regarding CSM, both synchronous and
metachronous BRCC had higher rates of CSM than uni-
lateral RCC patients (Fig. S2G, H, p <0.001). There was
no significant difference in CSM between synchronous and
metachronous BRCC patients (p=0.12). In addition, the
prognosis of BRCC patients is between metastatic and non-
metastatic URCC patients (Fig. S3A-D).

Clinicopathological analyses and prognostic factors
identification for localized BRCC patients

Baseline characteristics and analysis of localized BRCC
patients

A total of 3677 localized BRCC patients were included
(2180 synchronous BRCC patients and 1497 metachro-
nous BRCC patients, Table 2). The median follow-up was
69 months. Synchronous BRCC patients were younger
(median [IQR], 63 [54, 71] years vs. 65 [57, 72] years) than
metachronous BRCC patients. Of the 2389 BRCC patients
with bilateral pathologic results, the overall concordance
rate was 78.1%. The concordance rates for localized syn-
chronous BRCC (IsBRCC) and localized metachronous
BRCC (ImBRCC) patients were 80.8% and 74.5%.
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Complete tumor records of
patients with RCC between 2000
and 2020 (N=141719)

Excluded Patients

v

Exclude patients diagnosed with
autopsy or death certificattion
(N=684)

A 4

Exclude demographic information
unavailable (N=249)

\ 4

Exclude tumor information and
treatment information unavailable
(N=47086)

A 4

Exclude patients with unknown
vital status or follow-up time
(N=7334)

A 4

Eligible RCC patients (N=20523)

v

v

Unilateral RCC patient (N=16534)

Bilateral RCC patient (N=3989)

Y

Exclude non-RCC tumor
records (N=65843)

Exclude BRCC patients with

A4

tumor metastasis (N=312)

Localized Bilateral RCC
patient (N=3677)

v

v

Localized synchronous
bilateral RCC patient (N=2180)

Localized metachronous
bilateral RCC patient (N=1497)

Fig.1 The flow chart of study participant selection. Abbreviations: RCC, renal cell carcinoma

Prognostic factor identification for localized BRCC patients

The Cox analysis of IsSBRCC indicated that older age,
higher T stage, and higher grade were independent risk
factors for OS (p < 0.05), whereas married status, bilateral
nccRCC histologic type, and surgical treatment were pro-
tective factors for OS (p <0.05, Table S1). The multivari-
ate CRR analysis demonstrated that age, race, T stage, N
stage, and surgical treatment were independent prognostic
factors for CSS (p <0.05, Table S2).

Regarding ImBRCC, the Cox analysis showed that older
age, black ethnicity, higher initial and contralateral RCC
T stage were independent risk factors for OS (p < 0.05),
whereas initial and contralateral RCC surgical treatment
were protective factors (p < 0.05, Table S3). CRR analysis
indicated that initial and contralateral RCC T stage, and
initial and contralateral surgical treatment were independ-
ent prognostic factors for CSS (Table S4).
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Association between socioeconomic factors
and therapeutic characteristics of localized BRCC patients

We further investigated the association between socioeco-
nomic factors and therapeutic characteristics of localized
BRCC patients. As time went on, the interval between the
diagnoses of BRCC significantly shortened (median [IQR]:
2004-2010: 13 [0, 72] months, 2011-2015: 3 [0, 26] months,
2016-2020: 0 [0, 4] months, p<0.001). Fig. S4 showed the
distribution of therapeutic options. We noted that the propor-
tion of BRCC patients accepting RN treatment decreased
over time (Fig. S4A, 2004-2010: 61.45%, 2011-2015:
47.51%, 2016-2020: 41.48%), whereas the proportion of
nephron-sparing treatments increased (2004—-2010: 32.89%,
2011-2015: 44.16%, 2016-2020: 44.23%). There was no
significant difference in prognosis of BRCC patients diag-
nosed in different periods (Fig. 2A, E). Survival analysis
indicated that the OS of married BRCC patients was better
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Table 1 Baseline characteristics of unilateral and bilateral RCC patients
Characteristic Before PSM After PSM
Overall Unilat- Bilateral p-value Overall Unilat- Bilateral p-value
(n=20,523) eral RCC RCC (n=17496) eral RCC RCC
(n=16,534) (n=3989) (n=3748) (n=3748)
Age (yrs) (%) <45 890 (4.3) 606 (3.7) 284 (7.1) <0.001 387 (5.2) 188 (5.0) 199 (5.3) 0.307
45-65 9034 (44.0) 7257 (43.9) 1777 (44.5) 3409 (45.5) 1701 (45.4) 1708 (45.6)
65-85 10,035 (48.9) 8226 (49.8) 1809 (45.3) 3441 (45.9) 1715 (45.8) 1726 (46.1)
>85 564 (2.7) 445 (2.7) 119 (3.0) 259 (3.5) 144 (3.8) 115 (3.1)
Sex (%) Female 6490 (31.6) 5402 (32.7) 1088 (27.3) <0.001 2069 (27.6) 1046 (27.9) 1023 (27.3) 0.57
Male 14,033 (68.4) 11,132 (67.3) 2901 (72.7) 5427 (72.4) 2702 (72.1) 2725 (72.7)
Race (%) White 16,639 (81.1) 13,785 (83.4) 2854 (71.5) <0.001 5640 (75.2) 2848 (76.0) 2792 (74.5) 0.189
Black 2761 (13.5) 1828 (11.1) 933 (23.4) 1508 (20.1) 740 (19.7) 768 (20.5)
Others 1123 (5.5) 921 (5.6) 202 (5.1) 348 (4.6) 160 (4.3) 188 (5.0)
Marital status ~ Married 12,860 (62.7) 10,484 (63.4) 2376 (59.6) <0.001 4572 (61.0) 2290 (61.1) 2282 (60.9) 0.733
(%) Unmarried 6722 (32.8) 5345 (32.3) 1377 (34.5) 2541 (33.9) 1274 (34.0) 1267 (33.8)
Unknown 941 (4.6) 705 (4.3) 236 (5.9) 383 (5.1) 184 (4.9) 199 (5.3)
Median house- $ (0-75,000) 12,694 (61.9) 10,294 (62.3) 2400 (60.2) 0.015 4566 (60.9) 2305 (61.5) 2261 (60.3) 0.309
?{;’l)d income ¢ (75,000+) 7829 (38.1) 6240 (37.7) 1589 (39.8) 2930 (39.1) 1443 (38.5) 1487 (39.7)
0
Rural/urban Counties in 11,554 (56.3) 9215(55.7) 2339 (58.6) 0.004 4392 (58.6) 2199 (58.7) 2193 (58.5) 0.789
continuum metropolitan
population areas ge 1
density (%) million pop
Counties in 6170 (30.1) 5008 (30.3) 1162 (29.1) 2175 (29.0) 1089 (29.1) 1086 (29.0)
metropolitan
areas of 0
to 1 million
pop
Nonmetropoli- 2765 (13.5) 2283 (13.8) 482 (12.1) 920 (12.3) 457 (12.2) 463 (12.4)
tan counties
Unknown 34(0.2) 28 (0.2) 6(0.2) 9(0.1) 3(0.1) 6(0.2)
Tumor stage [ 15,024 (73.2) 11,710 (70.8) 3314 (83.1) <0.001 6292 (83.9) 3178 (84.8) 3114 (83.1) 0.054
(%) 1I 1776 (8.7) 1600 (9.7) 176 (4.4) 348 (4.6) 175 (4.7) 173 (4.6)
m 2685 (13.1) 2433 (14.7)  252(6.3) 479 (6.4) 231 (6.2) 248 (6.6)
v 1038 (5.1) 791 (4.8) 247 (6.2) 377 (5.0) 164 (4.4) 213 (5.7)
Tumor T stage T1 15,429 (75.2)  11,955(72.3) 3474 (87.1) <0.001 6515 (86.9) 3273 (87.3) 3242 (86.5) 0.696
(%) T2 1965 (9.6) 1759 (10.6) 206 (5.2) 400 (5.3) 198 (5.3) 202 (5.4)
T3 2968 (14.5) 2683 (16.2)  285(7.1) 541 (7.2) 258 (6.9) 283 (7.6)
T4 153 (0.7) 129 (0.8) 24 (0.6) 40 (0.5) 19 (0.5) 21 (0.6)
Tumor N stage NO 20,090 (97.9) 16,173 (97.8) 3917 (98.2) 0.093 7389 (98.6) 3703 (98.8) 3686 (98.3) 0.153
(%) N1 433 (2.1) 361 (2.2) 72 (1.8) 107 (1.5) 45(1.2) 62 (1.6)
Tumor M stage MO 19,580 (95.4) 15,828 (95.7) 3752 (94.1) <0.001 7136 (95.2) 3592 (95.8) 3544 (94.6) 0.061
(%) Ml 943 (4.6) 706 (4.3) 237 (5.9) 360 (4.8) 156 (4.2) 204 (5.4)
Grade (%) Grade 1 2051 (10.0) 1710 (10.3) 341 (8.5) <0.001 632 (8.4) 314 (8.4) 318 (8.5) 0.665
Grade 2 8214 (40.0) 6826 (41.3) 1388 (34.8) 2666 (35.6) 1329 (35.5) 1337 (35.7)
Grade 3 4080 (19.9) 3474 (21.0) 606 (15.2) 1154 (15.4) 566 (15.1) 588 (15.7)
Grade 4 763 (3.7) 663 (4.0) 100 (2.5) 176 (2.3) 81(2.2) 95 (2.5)
Unknown 5415 (26.4) 3861 (23.4) 1554 (39.0) 2868 (38.3) 1458 (38.9) 1410 (37.6)
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Table 1 (continued)
Characteristic Before PSM After PSM
Overall Unilat- Bilateral p-value Overall Unilat- Bilateral p-value
(n=20,523) eral RCC RCC (n="7496) eral RCC RCC
(n=16,534) (n=3989) (n=3748) (n=3748)
Histological ccRCC 10,793 (52.6) 9028 (54.6) 1765 (44.2) <0.001 3451 (46.0) 1730 (46.2) 1721 (45.9) 0.505
t %
ype (%) pRCC 2899 (14.1)  2119(12.8) 780 (19.6) 1400 (18.7) 703 (18.8) 697 (18.6)
chRCC 965 (4.7) 873 (5.3) 92 (2.3) 167 (2.2) 77 (2.1) 90 (2.4)
Mixed cell 479 (2.3) 323 (2.0) 156 (3.9) 225 (3.0) 110 (2.9) 115 (3.1)
adenocarci-
noma
Others 363 (1.8) 308 (1.9) 54 (1.4) 86 (1.1) 35(0.9) 51(1.4)
Unknown 5024 (24.5) 3882 (23.5) 1142 (28.6) 2167 (28.9) 1093 (29.2) 1074 (28.7)

than that of unmarried/unknown BRCC patients (Fig. 2B
p=0.003), whereas the CSM of them was similar (Fig. 2F
p=0.82). No significant difference was observed in prog-
noses of BRCC patients in areas with different population
density (Fig. 2C, G p > 0.05). Higher household income was
related to the better OS (Fig. 2D p=0.085) and lower CSM
(Fig. 2H p=0.030).

Effects of different surgical treatments on the prognosis
of localized BRCC

In the BRCC cohort, 2906 (79.03%) patients accepted bilat-
eral surgical treatments, 442 patients (12.02%) received
unilateral surgical treatments, and the remaining patients
received nonsurgical treatment (e.g. systemic therapies)
or active surveillance. Compared with InBRCC patients,
IsBRCC patients had a significantly higher proportion of
bilateral nonsurgical treatment (14.4% vs. 1.1%, p <0.001).
Localized BRCC patients receiving bilateral surgical treat-
ments had relatively good prognoses, whereas those who did
not receive any surgical treatments had the worst prognoses
(Fig. 3A, D). The above results remained consistent in both
IsBRCC and ImBRCC (Fig. 3B, C, E, F).

For IsBRCC patients, those receiving bilateral partial
nephrectomy (PN) had the best OS clinical benefit, followed
by patients receiving LTD + PN, patients receiving bilateral
LTD, and patients receiving PN 4+ RN. The OS clinical ben-
efit of bilateral RN was less than bilateral nephron-sparing
surgery and unilateral surgical treatment (Table S1). Regard-
ing CSS, bilateral PN and bilateral LTD could achieve the
best clinical benefits (Table S2).

The ImBRCC patients were divided into three groups
according to the surgical treatment status of initial RCC.
For patients without initial surgical treatments, contralateral
PN or LTD could achieve the best prognosis (Fig. S5A, D).
For patients with prior nephron-sparing surgical treatments,

@ Springer

contralateral PN would lead to the best OS, and those
receiving contralateral LTD and RN had similar progno-
ses (Fig. S5B). The three types of surgical treatment (PN,
RN, LTD) had similar long-term cancer-control effects for
patients with prior nephron-sparing surgical treatments
(Fig. SSE). Regarding patients accepting prior RN treat-
ment, contralateral PN was associated with the best OS and
achieved the best cancer-control effects, followed by con-
tralateral LTD treatment. (Fig. S5C, F).

Construction and evaluation of predictive models

Development and validation of predictive models
for IsBRCC patients

The baseline characteristics of ISBRCC patients in the train-
ing cohort and the validation cohort were well-balanced
(Table S5). Variables with p-value <0.1 in multivariate
Cox regression analysis were included in LASSO regression
analysis (Fig. S6A-D). Six and five variables were finally
incorporated into the OS and CSS nomograms, respectively
(Fig. 4A, B).

The C-index of OS and CSS nomograms were 0.746
[95%CI: 0.723-0.769] and 0.769 [95%CI: 0.736-0.802].
The time-dependent AUCs of the ROCs were around 0.7
(Fig. STA, B, E, F). Then patients were divided into low- and
high-risk subgroups based on risk scores. A significant dif-
ference in survival was observed between the two subgroups
(Fig. S7C, D, G, H, p<0.001). Calibration plots showed
high consistencies between the predicted probabilities and
the actual survival outcomes (Fig. S8, S9). Moreover, DCA
indicated that compared with both the treat-all-patients
scheme and the treat-none scheme, the nomogram could add
more net benefits across threshold probabilities between 5
and 70% for 5-year OS, between 2 and 60% for 5-year CSS,
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Table 2 Baseline characteristics of localized BRCC patients

Characteristic Overall (n=3677) Synchro- Metachronous BRCC (n=1497) p-value
nous BRCC
(n=2180)
Age (yrs) (%) <45 278 (7.6) 201 (9.2) 77 (5.1) <0.001
45-65 1646 (44.8) 992 (45.5) 654 (43.7)
65-85 1645 (44.7) 910 (41.7) 735 (49.1)
>85 108 (2.9) 77 (3.5) 31 2.1
Sex (%) Female 989 (26.9) 566 (26.0) 423 (28.3) 0.133
Male 2688 (73.1) 1614 (74.0) 1074 (71.7)
Race (%) White 2583 (70.2) 1484 (68.1) 1099 (73.4) 0.002
Black 909 (24.7) 573 (26.3) 336 (22.4)
Others 185 (5.0) 123 (5.6) 62 (4.1)
Marital status (%) Unmarried/Unknown 1496 (40.7) 917 (42.1) 579 (38.7) 0.043
Married 2181 (59.3) 1263 (57.9) 918 (61.3)
Median household income (%)  $ (0-75,000) 2208 (60.0) 1333 (61.1) 875 (58.5) 0.108
$ (75,000 +) 1469 (40.0) 847 (38.9) 622 (41.5)
Rural/Urban Continuum popula- Counties in metropolitan 2181 (59.3) 1289 (59.1) 892 (59.6) 0.281
tion density (%) areas ge 1 million popu-
lation
Counties in metropolitan 1053 (28.6) 613 (28.1) 440 (29.4)
areas of 0 to 1 million
population
Nonmetropolitan counties 438 (11.9) 276 (12.7) 162 (10.8)
Unknown 5(0.1) 2(0.1) 3(0.2)
Time interval between two RCCs (months) (median [IQR]) 3.00 [0.00, 30.00] 0.00 [0.00, 2.00] 42.00 [18.00, 77.00] <0.001
Tumor highest stage (%) I 2568 (69.8) 1504 (69.0) 1064 (71.1) 0.366
1T 467 (12.7) 294 (13.5) 173 (11.6)
I 615 (16.7) 366 (16.8) 249 (16.6)
v 27(0.7) 16 (0.7) 11 (0.7)
Tumor highest T stage (%) T1 2578 (70.1) 1512 (69.4) 1066 (71.2) 0.353
T2 477 (13.0) 300 (13.8) 177 (11.8)
T3 598 (16.3) 355 (16.3) 243 (16.2)
T4 24(0.7) 13 (0.6) 11 (0.7)
Tumor highest N stage (%) NO 3624 (98.6) 2146 (98.4) 1478 (98.7) 0.558
N1 53(1.4) 34 (1.6) 19 (1.3)
Tumor highest grade (%) Grade 1 105 (2.9) 67 (3.1) 38 (2.5) 0.137
Grade 2 1037 (28.2) 612 (28.1) 425 (28.4)
Grade 3 792 (21.5) 453 (20.8) 339 (22.6)
Grade 4 142 (3.9) 74 (3.4) 68 (4.5)
Unknown 1601 (43.5) 974 (44.7) 627 (41.9)
Initial RCC histological type ccRCC 1630 (44.3) 868 (39.8) 762 (50.9) <0.001
(%) pRCC 770 (20.9) 445 (20.4) 325 (21.7)
chRCC 91 (2.5) 54 (2.5) 37 (2.5)
Mixed cell adenocarcinoma 154 (4.2) 97 (4.4) 57 (3.8)
Others 49 (1.3) 32 (1.5) 17 (1.1)
Unknown 983 (26.7) 684 (31.4) 299 (20.0)
Contralateral RCC histological ccRCC 1789 (48.7) 993 (45.6) 796 (53.2) <0.001
type (%) pRCC 802 (21.8) 485 (22.2) 317 (21.2)
chRCC 105 (2.9) 55 (2.5) 50(3.3)
Mixed cell adenocarcinoma 150 (4.1) 100 (4.6) 50 (3.3)
Others 57 (1.6) 31(1.4) 26 (1.7)
Unknown 774 (21.0) 516 (23.7) 258 (17.2)
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Table 2 (continued)

Characteristic Overall (n=3677) Synchro- Metachronous BRCC (n=1497) p-value
nous BRCC
(n=2180)
Histology concordance (%) Concordence 1865 (50.7) 1104 (50.6) 761 (50.8) <0.001
Disconcordence 524 (14.3) 263 (12.1) 261 (17.4)
Unknown 1288 (35.0) 813 (37.3) 475 (31.7)
Surgical treatment (%) Bilateral no surgery 329 (8.9) 313 (14.4) 16 (1.1) <0.001
Bilateral LTD 151 (4.1) 110 (5.0) 41 2.7
Bilateral PN 932 (25.3) 566 (26.0) 366 (24.4)
Bilateral RN 524 (14.3) 344 (15.8) 180 (12.0)
LTD +PN 160 (4.4) 73 (3.3) 87 (5.8)
LTD+RN 287 (7.8) 84 (3.9) 203 (13.6)
PN +RN 852 (23.2) 437 (20.0) 415 (27.7)
Unilateral LTD 72 (2.0) 46 (2.1) 26 (1.7)
Unilateral PN 150 (4.1) 100 (4.6) 50 (3.3)
Unilateral RN 220 (6.0) 107 (4.9) 113 (7.5)
Radiotherapy (%) None/Unknown 3657 (99.5) 2169 (99.5) 1488 (99.4) 0.87
Yes 20 (0.5) 11 (0.5) 9 (0.6)
Chemotherapy (%) None/Unknown 3567 (97.0) 2121 (97.3) 1446 (96.6) 0.26
Yes 110 (3.0) 59 (2.7) 51(3.4)

BRCC, Bilateral renal cell carcinoma; RCC, Renal cell carcinoma; IQR, Interquartile range; ccRCC, Clear cell renal cell carcinoma; pRCC, Pap-
illary renal cell carcinoma; chRCC, Chromophobe renal cell carcinoma; PN, Partial nephrectomy; RN, Radical nephrectomy; LTD, Local tumor

destruction

between 10 and 90% for 10-year OS, and between 2 and 95%
for 10-year CSS (Fig. SI0A-H).

Development and validation of predictive models
for ImBRCC

The baseline characteristics of InBRCC patients were
shown in Table S6. Comprehensively considering the
results of CRR analysis and the LASSO regression analy-
sis (Fig. S11A-D), six and four variables were eventually
included in the OS and CSS nomograms (Fig. 5A, B).

The C-index of the OS and CSS nomograms were 0.751
[95%CI: 0.722-0.781] and 0.769 [95%CI1 0.728-0.816]. The
AUC:s of the ROC curves were around 0.67 and 0.73 for
the prediction of OS and CSS (Fig. S12A, B, E, F). The
patients were divided into low- and high-risk subgroups
based on risk scores. A significant difference in prognosis
was observed between the two subgroups (Fig. S12C, D, G,
H, p<0.001). Calibration plots showed high consistencies
between the predicted probabilities and the actual survival
outcomes (Fig. S13, S14). Furthermore, DCA showed that
the nomogram could add more net benefits compared with
both the treat-all-patients scheme and the treat-none scheme
across threshold probabilities between 10 and 75% for 5-year
OS, between 5 and 60% for 5-year CSS, between 20 and
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100% for 10-year OS, and between 10 and 100% for 10-year
CSS (Fig. S15A-H).

Discussion

In this large-scale population-based study, we found that the
prognosis of BRCC patients is between metastatic and non-
metastatic URCC patients. Synchronous BRCC patients had
worse OS than metachronous BRCC patients. The CSS of
synchronous and metachronous BRCC patients was simi-
lar. As time went on, the interval between the diagnoses
of BRCC shortened, and the proportion of BRCC patients
receiving nephron-sparing treatments increased. PN should
be the first choice for localized BRCC patients. LTD
achieved an acceptable cancer-control effect, which could be
considered an effective treatment alternative. Furthermore,
we tried to construct predictive models based on the infor-
mation available from the SEER database and summarize
the treatment flowchart for localized BRCC patients (Fig. 6).
This study comprehensively analysed the clinicopathological
characteristics of the BRCC patients, identified the prognos-
tic factors, and provided evidence for the optimization of
individual treatment for sporadic BRCC patients.

The pathogenesis of BRCC remains unclear. Most previ-
ous studies supported that BRCC is an independent de novo
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Fig.2 A Kaplan—Meier survival curves of OS for BRCC patients
diagnosed in different periods. B Kaplan—Meier survival curves of
OS for BRCC patients with different marital status. C Kaplan-Meier
survival curves of OS for BRCC patients living in areas with different
population density. D Kaplan—-Meier survival curves of OS for BRCC
patients with different household income. E Cumulative incidence
plots of competing risks regression models in BRCC patients diag-
nosed in different periods. F Cumulative incidence plots of compet-

process, representing a special type of RCC, instead of a
consequence of spreading from the primary RCC [28, 29].
Comparing the prognoses of URCC and BRCC patients may
provide clues for this issue. However, it remains inconsistent
in previous studies [11, 30-34], which may be attributed to
small sample size, different study designs, and uncontrolled
bias. Our results demonstrated that the prognosis of BRCC
patients was worse than that of URCC patients. Previous
studies have reported that BRCC was likely to have more
severe preoperative renal dysfunction than those with URCC
[35, 36], and some BRCC tended to have aggressive bio-
logical behaviour [37, 38]. BRCC patients usually harbored
heavier tumor burden than URCC patients [37]. The inci-
dence of multifocality was greater in BRCC patients than
in those with URCC [4, 30, 35, 37], which was an inde-
pendent risk factor for RCC patients [7, 39]. BRCC patients
were more likely to experience local recurrence than URCC
patients [30, 37, 40]. In addition, BRCC patients may accept
more treatment such as surgery and systemic therapy. The
higher risk of complications and side effects caused by
these treatments would reduce the quality of life and harm
patients’ health. We also found that the prognosis of BRCC
patients was between non-metastatic URCC patients and
metastatic URCC patients, suggesting that BRCC should not

Cumulative Incidence
Cumulative Incidence

ing risks regression models in BRCC patients diagnosed in different
periods. G Cumulative incidence plots of competing risks regression
models in BRCC patients living in areas with different population
density. H Cumulative incidence plots of competing risks regression
models in BRCC patients with different household income. Abbrevia-
tions: RCC, Renal cell carcinoma; CSM, Cancer specific mortality;
OCM, Other cause mortality; OS, Overall survival

be deemed either as pure primary tumors or as contralateral
metastases. The biological mechanism for BRCC is differ-
ent from metastatic disease and needs further exploration
[7,28, 41].

Controversy remains regarding the prognoses of synchro-
nous and metachronous BRCC [7, 32, 37, 42, 43]. Compared
with metachronous BRCC, the prognoses of synchronous
BRCC was relatively poor (10-year OS: 50.2% vs. 54.3%).
The CSS was comparable in synchronous and metachronous
BRCC patients. We noted that the proportion of IsSBRCC
patients without any surgery treatment was significantly
higher than those of metachronous BRCC patients (14.4% vs
1.07%), which may partly explain the relatively poor prog-
nosis of synchronous BRCC.

We analyzed and identified prognostic factors for spo-
radic localized BRCC patients. We firstly investigated the
association between socioeconomic factors and therapeu-
tic characteristics of localized BRCC patients. The results
indicated that BRCC patients with high income and being
married exhibited better prognoses than others. The result
is as expected because patients being married or with higher
incomes tend to seek enhanced healthcare access and exhibit
proactive health habits. Moreover, considering that the time
span of the study was longer than 15 years, the diagnostic
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Fig.3 A Kaplan—Meier survival curves of OS for bilateral RCC
patients receiving different treatment. B Kaplan—Meier survival
curves of OS for synchronous bilateral RCC patients receiving differ-
ent treatment. C Kaplan—Meier survival curves of OS for metachro-
nous bilateral RCC patients receiving different treatment. D Cumula-
tive incidence plots of competing risks regression models in bilateral
RCC patients receiving different treatment. E Cumulative incidence

and therapeutic technology evolved, so we explored the
population characteristics in different periods of diagno-
sis. As time went on, the interval between the diagnoses
of BRCC was significantly shortened, which may be due
to the development of the diagnostic tools. For example,
the availability of positron emission tomography computed
tomography (PET-CT) could achieve the accurate differen-
tiation diagnosis and reflect tumor aggressiveness, which
promoted the precise diagnosis of RCC [44—47]. Though no
significant difference was observed in prognosis of BRCC
patients diagnosed in different periods, the proportion of
nephron-sparing treatments increased, which may attribute
to the progression of minimally invasive surgical technology
and the development of LTD technology.

Surgical treatment was a prognostic factor in all multi-
variate analyses. Localized BRCC patients receiving bilat-
eral surgical treatments had the relatively good prognosis,
whereas patients who did not receive any surgery had the
worst prognosis. When determining the treatment strategy
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Renal cell carcinoma; CSM, Cancer specific mortality; OCM, Other
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for localized BRCC patients, urologists should try to thor-
oughly balance the oncological safety, perioperative risk,
and functional outcomes [10]. The essential principles are
complete tumor removal, preservation of functional renal
parenchyma as much as possible, avoidance of dialysis, and
minimizing morbidity [8]. Based on the results of this study
and the research progress in recent years [10, 43], we sum-
marized the treatment flowchart for localized BRCC patients
(Fig. 6). For both IsSBRCC and ImBRCC patients, our results
indicated that PN leads to the best OS. Localized BRCC
patients receiving bilateral RN had poor OS. Though RN
was the standard treatment for RCC in the past and could
achieve good cancer-control effects, it increased the risk of
chronic kidney disease (CKD) and even renal failure. The
downstream sequelae of CKD would lead to excess mortality
and therefore less favorable survival outcomes [48]. Consist-
ent with previous studies [10, 48, 49], this study demon-
strated that PN provided equivalent oncological outcomes
to RN. Thus, in terms of better quality of life and greater
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longevity, PN should be the initial treatment for sporadic
localized BRCC patients if feasible [41]. However, it should
be noted that BRCC patients receiving RN might have more
complex and aggressive tumors than those receiving PN,
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which might bias the survival outcomes. Despite maximal
effects, not all BRCCs are amenable to PN. The benefits of
PN must always be weighed against the risk of potential
additional loss of renal function secondary to bilateral renal
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ischemia from hemorrhage, hypotension, and even acute
surgical morbidity [50]. In certain scenarios such as large
masses and highly complex anatomical structure, RN should
still be required [10].

Moreover, LTD, including radiofrequency ablation
(RFA), percutaneous microwave ablation, and cryoablation,
has shown good efficacy and safety in local tumor control
and emerged as a treatment alternative [51, 52]. As a mini-
mally invasive technology, the advantages of LTD include
eliminating the risk of ischemic damage, shortening opera-
tive time, and fewer complications with equivalent renal
functional and oncological outcomes [52]. However, cur-
rent studies focusing on the application of LTD in BRCC
patients are mainly small-sample size, and the selection bias
could not be avoided. In this study, ISBRCC patients receiv-
ing bilateral PN had the best prognoses, followed by patients
receiving LTD and PN, and patients receiving bilateral LTD.
Regarding ImBRCC patients, LTD resulted in an accept-
able prognosis and achieved a comparable cancer-control
effect to surgery. These results suggested that LTD could
be considered as an alternative treatment option. Therefore,
it’s an effective and safe treatment option for BRCC patients
who are nonsurgical candidates due to comorbidities and
cosmetic requirements [53]. Through judiciously expanding
the use of LTD, clinicians can improve survival outcomes
among a part of BRCC patients.

With the ability to generate an individual probability of a
clinical event by integrating diverse prognostic and determi-
nant variables, nomograms fulfill the drive toward individu-
alized medicine and have been widely used as prognostic
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devices in the field of oncology [23, 54]. Based on the poten-
tial prognostic factors identified by multivariable analysis,
we further conducted LASSO analysis and established pre-
dictive models for localized BRCC patients. The OS and
CSS nomograms integrated multiple demographic and
clinicopathological characteristics available from the SEER
database into a quantitative model, exhibiting favorable dis-
crimination, good accuracy, and outstanding ability for risk
stratification. Furthermore, DCA analyses demonstrated
that the nomograms predicted long-term survival with good
clinical benefit and utility. These nomograms would facili-
tate individual prognosis assessment and the development
of treatment strategies.

To our knowledge, this is the first large-scale popula-
tion-based study comprehensively analyzing the clinico-
pathological characteristics of sporadic BRCC patients,
identifying prognostic factors, and developing treatment
flowchart for sporadic localized BRCC patients. However,
the current study has some limitations. First, some bias
was inevitable due to the retrospective design and the lack
of randomization. Second, the SEER database lacks infor-
mation on environmental factors (eg, exposure to tobacco,
and chemical carcinogen), patient comorbidities, tumors
multifocality, and detailed treatment information (eg,
adjuvant therapy, perioperative complications). Addition-
ally, the distinction between hereditary BRCC and spo-
radic BRCC is important for treatment decision-making.
Though we excluded patients tending to be suffered from
hereditary RCC, including those complicating with pNET
or hemangioblastoma, the information of genetic testing
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could not be obtained from the SEER database. The few
remaining hereditary BRCC patients in this study may
slightly bias the results. Finally, the study is based on an
American population cohort, our predictive models and
nomograms for BRCC needs to be further investigated in
other countries. Large-scale, well-designed prospective
studies are warranted to provide more high-quality evi-
dence for the optimization of the current treatment para-
digm for sporadic BRCC.

Conclusion

The prognosis of BRCC patients is between metastatic
and non-metastatic URCC patients. Synchronous BRCC
patients had worse OS than metachronous BRCC patients.
The CSS of synchronous and metachronous BRCC patients
was comparable. With the evolvement of the diagnostic
and therapeutic technology, the interval between the diag-
noses of BRCC shortened, and the proportion of nephron-
sparing treatments increased. PN leads to the best OS and
provides equivalent oncological outcomes to RN, which
should be the initial treatment for patients with localized
BRCC if feasible. LTD could be considered as an effective
treatment alternative. We identified independent prognos-
tic factors through multivariate Cox regression analysis,
conducted survival analyses, and developed treatment
flowchart for IS BRCC and ImBRCC patients. Our study
could provide evidence for the optimization of individual-
ized treatment and contribute to the prognosis assessment
for sporadic BRCC patients.
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