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Abstract

Background and objective: The role of cytoreductive nephrectomy (CN) in the
treatment of metastatic renal cell carcinoma (mRCC) has been called into question
on the basis of clinical trial data from the tyrosine kinase inhibitor (TKI) era.
Comparative analyses of CN for patients treated with immuno-oncology (IO) versus
TKI agents are sparse. Our objective was to compare CN timing and outcomes
among patients who received TKI versus IO therapy.
Methods: This was a multicenter retrospective analysis of patients who underwent
CN using data from the REMARCC (Registry of Metastatic RCC) database. The cohort
was divided into TKI versus IO first-line therapy groups. The primary outcome was
all-cause mortality (ACM). Secondary outcomes included cancer-specific mortality
(CSM). Multivariable analysis was used to identify factors predictive for ACM and
CSM. The Kaplan-Meier method was used to analyze 5-yr overall survival (OS)
and cancer-specific survival (CSS) with stratification by primary systemic therapy
and timing in relation to CN.
Key findings and limitations: We analyzed data for 189 patients (148 TKI + CN, 41 IO
+CN; median follow-up 23.2 mo). Multivariable analysis revealed that a greater
number of metastases (hazard ratio [HR] 1.06; p = 0.015), greater primary tumor
size (HR 1.10; p = 0.043), TKI receipt (HR 2.36; p = 0.015), and initiation of systemic
ehalf of European Association of Urology. This is an open access article under the CC BY-
es/by-nc-nd/4.0/).
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therapy after CN (HR 1.49; p = 0.039) were associated with worse ACM. A greater
number of metastases at diagnosis (HR 1.07; p = 0.011), greater primary tumor size
(HR 1.12; p = 0.018), TKI receipt (HR 5.43; p = 0.004), and initiation of systemic
therapy after CN (HR 2.04; p < 0.001) were associated with worse CSM. Kaplan-
Meier analyses revealed greater 5-yr rates for OS (51% vs 27%; p < 0.001) and CSS
(83% vs 30%; p < 0.001) for IO +CN versus TKI + CN. This difference persisted in a
subgroup analysis for patients with intermediate or poor risk, with 5-yr OS rates
of 50% for IO + CN versus 30% for TKI + CN (p < 0.001). A subanalysis stratified by
CN timing revealed better 5-yr rates for OS (50% vs 30%; p = 0.042) and CSS (90%
vs 30%, p = 0.019) for delayed CN after IO therapy, but not after TKI therapy.
Conclusions and clinical implications: For patients who underwent CN, systemic ther-
apy before CN was associated with better outcomes. In addition, IO therapy was
associated with better survival outcomes in comparison to TKI therapy. Our find-
ings question the applicability of clinical trial data from the TKI era to CN in the
IO era for mRCC.
Patient summary: For patients with metastatic kidney cancer treated with surgery,
better survival outcomes were observed for those who also received immunother-
apy in comparison to therapy targeting specific proteins in the body (tyrosine
kinase inhibitors, TKIs). Immunotherapy or TKI treatment resulted in better out-
comes if it was received before rather than after surgery.
� 2024 Published by Elsevier B.V. on behalf of European Association of Urology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
1. Introduction

Despite stage migration in renal cell carcinoma (RCC)
because of greater incidental detection of lesions on cross-
sectional imaging, up to 15% of patients diagnosed with
RCC present with metastatic disease [1,2]. Cytoreductive
nephrectomy (CN) has been a cornerstone of therapy for
metastatic RCC (mRCC) on the basis of clinical trial evidence
from the cytokine era. This role was challenged by the recent
publication of clinical trial results that cast doubt on the ben-
efit of CN as an adjunct to TKI systemic therapy (CARMENA)
or primary CN (SURTIME) [3,4]. Nonetheless, there was a
trend towards better outcomes for patients who underwent
delayed nephrectomy (systemic therapy initiated before
nephrectomy) in the SURTIME trial, which closed because
of low accrual, with a lack of power leading to nonsignificant
data. The emergence of immune checkpoint inhibitors (ICIs)
as first-line options for mRCC heralded another paradigm
shift in the field, with better outcomes observed in compar-
ison to TKI-only regimens [5,6]. These data, and the concep-
tual importance of cytoreduction in immunotherapeutic
principles, call into question the applicability of data on
CN + TKI in the immunotherapy era. Data on direct compar-
isons of outcomes for patients who underwent CN and were
treated with TKIs or ICIs are sparse, particularly for systemic
therapy before CN. Our aim was to compare CN outcomes in
patient groups treated with TKIs or ICIs.
2. Patients and methods

2.1. Patient population

This is a retrospective international multi-institutional analysis using

Registry of Metastatic RCC (REMARCC) data for patients presenting with

metastatic RCC (mRCC) between January 2006 and October 2019 who
underwent CN. Our methods have been described previously [7,8]. Insti-

tutional review board approval was obtained at all participating centers.

Patients with RCC underwent initial staging evaluation including com-

puted tomography or magnetic resonance imaging of the chest and

abdomen/pelvis, with additional studies as indicated [9,10]. The decision

to proceed with CN and systemic therapy involved interdisciplinary con-

sultation between urologic oncologists and medical oncologists. The

type of surgery, CN timing, and surgical approach were at the surgeon’s

discretion. Patients received either TKI or ICI first-line therapy. The type

of systemic therapy provided and the treatment protocol were chosen at

an institutional level. Radiographic follow-up and determination of

response were in accordance with Response Evaluation Criteria in Solid

Tumors [11,12].

2.2. Data collection

Data were entered into institutional data sets by database managers.

Variables collected included demographic data at the time of diagnosis

(age, sex, body mass index [BMI]), baseline laboratory values (he-

moglobin, creatinine), TNM stage, Motzer risk category, and clinical dis-

ease characteristics (performance status, number and location of

metastases) [13,14]. Treatment data (primary surgery, systemic therapy)

and operative variables (estimated blood loss, complications) were also

collected [15]. Survival outcomes, including progression-free survival

(PFS), disease-free survival, and overall survival (OS) at last follow-up,

were recorded.

2.3. Data analysis

The primary outcome was all-cause mortality (ACM)/OS measured from

the date of diagnosis to the date of last follow-up. Secondary outcomes

included cancer-specific mortality (CSM)/cancer-specific survival (CSS)

and disease progression/PFS. The cohort was divided into patients who

received a TKI versus an immuno-oncology (IO) agent as first-line sys-

temic treatment. Descriptive analyses were conducted using Student’s

t test or analysis of variance for continuous variables, and Fisher’s exact

test for categorical variables. Multivariable proportional-hazards regres-
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sion analysis was conducted for ACM and CSM. The Kaplan-Meier

method was used to analyze median OS and CSS, with stratification by

type of systemic therapy and the timing of CN. SPSS v.26 (IBM, Armonk,

NY, USA) was used for statistical analyses, with p < 0.05 considered sta-

tistically significant.
3. Results

We analyzed data for 189 patients (148 TKI vs 41 IO). Med-
ian follow-up for the cohort was 23.2 mo (interquartile
range 12.3–40.2). Table 1 lists demographic data and clini-
cal disease characteristics for the study population. There
were no differences between the TKI and IO groups with
respect to age at diagnosis (p = 0.710), male sex
(p = 0.063), Motzer risk category (p = 0.719), BMI
(p = 0.479), clinical T stage of the primary tumor
(p = 0.727), primary tumor size (9.0 vs 9.3 cm; p = 0.603),
or median number of metastases at diagnosis (4 vs 3;
Table 1 – Patient demographics and clinical disease characteristics

Variable Tyr
inh

Mean age, yr (standard deviation) 62.2
Sex, n (%)
Female 39 (
Male 109

Median body mass index, kg/m2 (interquartile range) 25.5
ECOG PS score, n (%)
0 83 (
1 49 (
2 11 (
3 5 (3

Motzer risk category, n (%)
Low risk 18 (
Intermediate risk 101
High risk 28 (
Data missing 1

Clinical T stage of the primary tumor, n (%)
cT1 20 (
cT2 38 (
cT3 74 (
cT4 16 (
Data missing –

Median primary tumor size, cm (interquartile range) 9.0
Clinical N stage, n (%)
N0 84 (
N1 64 (
NX 0 (0

Median no. of metastases at diagnosis (interquartile range) 4 (2
Location of metastases at diagnosis, n (%)
Lungs 92 (
Liver 11 (
Bone 37 (
Brain 1 (0

Cytoreductive approach, n (%)
Open surgery 98 (
Minimally invasive surgery 50 (

Median estimated blood loss, ml (interquartile range) 400
Perioperative complications, n (%) 41 (
Timing of systemic therapy initiation, n (%)
Before cytoreductive nephrectomy 44 (
After cytoreductive nephrectomy 104

Median systemic therapy duration, mo (interquartile range) 6.0
Median follow-up, mo (interquartile range) 22.3
Disease progression, n (%) 126
Cancer-specific deaths, n (%) 86 (
All-cause deaths, n (%) 104

ECOG PS = Eastern Cooperative Oncology Group performance status.
p = 0.354). A greater proportion of patients had a lower
Eastern Cooperative Oncology Group performance status
(ECOG PS) score in the TKI cohort (p = 0.037). A greater pro-
portion of patients in the TKI cohort had lung metastases
(62.2% vs 56.1%; p = 0.030), but there was no significant dif-
ference between the groups in the proportion of patients
with liver (p = 0.980), bone (p = 0.426), or brain (0.622)
metastases.

There were no significant differences between the
groups with respect to surgical approach (p = 0.457), esti-
mated blood loss (p = 0.672), or perioperative complica-
tions (p = 0.637). A greater percentage of patients in the
TKI cohort had systemic therapy before CN (29.7% vs
9.8%; p = 0.008). However, there were no significant
differences in median systemic therapy duration (TKI
6.0 mo vs IO 8.0 mo; p = 0.612) or the percentage of
patients who underwent metastasectomy (TKI 20.9% vs
IO 17.0%).
osine kinase
ibitor (n = 148)

Immunotherapy
(n = 41)

p value

9 (11.08) 61.56 (11.14) 0.710
0.063

26.4) 5 (12.2)
(73.6) 36 (87.8)
(23.0–29.2) 26.1 (24.4–30.4) 0.479

0.037
56.1) 16 (39.0)
33.1) 17 (41.5)
7.4) 8 (19.5)
.4) 0 (0)

0.719
12.2) 4 (9.8)
(68.7) 27 (65.9)
19.1) 10 (24.4)

–
0.727

13.5) 7 (17.5)
25.7) 12 (30.0)
50.0) 16 (40.0)
10.8) 5 (12.5)

1
(7.0–12.0) 9.3 (7.0–11.75) 0.603

0.011
56.8) 23 (56.1)
43.2) 15 (36.6)
) 3 (7.3)
–8) 3 (1–7) 0.354

62.2) 23 (56.1) 0.030
7.4) 3 (7.3) 0.980
25.0) 13 (31.7) 0.426
.6) 2 (4.9) 0.323

0.457
66.2) 26 (63.4)
33.3) 15 (36.6)
(150–800) 475 (150–1000) 0.672
27.7) 6 (14.6) 0.637

0.008
29.7) 4 (9.8)
(70.3) 37 (90.2)
(2.0–12.3) 8.0 (3.0–18.6) 0.612
(12.4–40.0) 27.0 (12.3–53.6) 0.696
(85.1) 31 (75.6) 0.162
58.1) 6 (14.6) <0.001
(70.3) 15 (36.7) <0.001
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Table 2 lists multivariable analysis results for factors
associated with survival outcomes. A greater number of
metastases at diagnosis (hazard ratio [HR] 1.06; p = 0.015),
greater primary tumor size (HR 1.10; p = 0.043), TKI versus
IO therapy (HR 2.36; p = 0.015), and initiation of systemic
therapy after versus before CN (HR 1.49; p = 0.039) were
associated with worse ACM, while higher BMI was associ-
ated with better ACM (HR 0.93; p = 0.006). A greater num-
ber of metastases at diagnosis (HR 1.07; p = 0.011), greater
primary tumor size (HR 1.12; p = 0.018), TKI versus IO ther-
apy (HR 5.43; p = 0.004), and initiation of systemic therapy
after versus before CN (HR 2.04; p < 0.001) were also inde-
pendently associated with worse CSM, while higher BMI
was associated with better CSM (HR 0.93; p = 0.014). Male
sex (HR 2.90; p < 0.001), worse ECOG PS score (HR 3.66;
p = 0.032), a greater number of metastases at diagnosis
(HR 1.10; p < 0.001), and initiation of systemic therapy after
versus before CN (HR 1.47; p = 0.041) were independently
associated with worse progression.

Figure 1 shows Kaplan-Meier curves for OS, CSS, and PFS
for the overall cohort. The 5-yr rates for OS (51% vs 27%,
p<0.001) and CSS (83% vs 30%, p < 0.001) were higher for
the IO group than for the TKI group. There was no signifi-
cant difference in PFS between the two groups (p = 0.257).
Figure 2 shows Kaplan-Meier OS curves for the subcohort
of patients with intermediate- or poor-risk disease. The 5-
yr rates for OS (50% vs 23%; p < 0.001) and CSS (80% vs
30%; p < 0.001) were higher for the IO group than for the
TKI group. There was no significant difference in PFS
between the groups (p = 0.304). Subgroup analysis stratified
by CN timing revealed better 5-yr rates for OS (50% vs 30%;
p = 0.042) and CSS (90% vs 30%; p = 0.019) for delayed ver-
sus upfront CN in the IO cohort, but not in the TKI cohort
(Fig. 3).
Table 2 – Multivariable analysis results for all-cause mortality, cancer-sp

Variable All-cause mortality Ca

HR (95% CI) p value HR

Age 1.03 (0.99–1.05) 0.061 1.0
Sex (male vs female) 1.04 (0.670–1.91) 0.860 0.9
Body mass index 0.93 (0.88–0.98) 0.006 2.2
ECOG PS (0/1 vs 2/3) 1.54 (0.40–5.88) 0.528
Location of metastases
Lung Reference Re
Liver 1.23 (0.67–1.23) 0.948 1.0
Bone 0.95 (0.54–1.70) 0.868 0.9
Brain 1.11 (0.46–2.65) 0.817 1.1
Other 0.98 (0.91–1.34) 0.768 1.6

Motzer risk category
Low risk Reference Re
Intermediate risk 1.44 (0.36–5.52) 0.617 1.4
High risk 1.11 (0.38–3.26) 0.852 1.2

PO complications 1.00 (0.582–1.72) 0.998 –
Estimated blood loss 1.00 (0.99–1.00) 0.546 1.0
MIS (vs open surgery) – –
Primary tumor size 1.10 (0.58–1.71) 0.043 1.1
No. of metastases at Dx 1.06 (1.01–1.11) 0.015 1.0
TKI treatment (vs IO) 2.36 (1.14–4.89) 0.021 10
STx before CN (vs after) 0.67 (0.46–0.98) 0.039 0.4

CI = confidence interval; CN = cytoreductive nephrectomy; Dx = diagnosis; ECOG
ratio; IO = immuno-oncology agent; MIS = minimally invasive surgery; PO = perio
4. Discussion

We compared CN outcomes for groups of patients who
received TKI versus IO systemic treatment. Our results sug-
gest that for patients who underwent CN, initiation of sys-
temic therapy before versus after CN was associated with
better outcomes. Furthermore, IO systemic therapy was
associated with better survival outcomes in comparison to
TKI therapy. Our findings call into question the applicability
of CN clinical trial data from the TKI era to CN in the IO era.

Historically, CN has been a cornerstone of mRCC man-
agement, with initial reports describing spontaneous
regression of metastases following primary CN, which led
to elaboration of the concept of immunological debulking
[16]. The role of CN was seemingly cemented by findings
reported by Flanigan et al [17], who demonstrated that CN
followed by interferon a was associated with a 2-mo
improvement in OS in comparison to interferon a alone
(11.1 mo vs 9.1 mo; p = 0.05). With the introduction of TKI
therapy and improvements in objective response rates, as
well as data suggesting that upfront systemic therapy is a
more effective strategy, the role of CN and its timing
became more uncertain [18].

CARMENA demonstrated the noninferiority of sunitinib
in comparison to upfront CN followed by sunitinib. In this
clinical trial involving 450 patients with intermediate- or
poor-risk metastatic clear-cell RCC randomized to upfront
CN followed by sunitinib or to sunitinib alone, Méjean
et al [3] found that while OS did not significantly differ
between the groups (HR 0.89, 95% confidence interval [CI]
0.71–1.10), median PFS was longer with sunitinib alone
(8.3 mo, 95% CI 6.2–9.9) than with CN followed by sunitinib
(7.2 mo, 95% CI 6.7–8.5). Our analysis revealed significantly
higher 3-yr OS rates for CN + TKI (45%) and CN + IO (70%)
ecific mortality, and disease progression

ncer-specific mortality Disease progression

(95% CI) p value HR (95% CI) p value

1 (0.99–1.04) 0.280 0.99 (0.97–1.01) 0.273
3 (0.88–0.99) 0.014 2.90 (1.64–5.13) <0.001
6 (0.41–7.60) 0.443 0.98 (0.92–1.05) 0.557

3.66 (1.12–11.97) 0.032

ference Reference
4 (0.87–1.11) 0.961 1.45 (0.65–3.95) 0.255
9 (0.54–1.82) 0.969 1.84 (0.79–4.26) 0.158
3 (0.45–2.86) 0.793 2.32 (0.85–6.35) 0.102
7 (0.34–4.10) 0.267 1.36 (0.79–4.50) 0.345

ference Reference
5 (0.33–6.38) 0.627 1.57 (0.40–6.21) 0.518
7 (0.38–4.22) 0.701 1.99 (0.71–5.61) 0.193

1.06 (0.60–1.88) 0.846
1 (0.99–1.02) 0.112 1.00 (0.99–1.01) 0.228

1.40 (0.61–3.20) 0.426
2 (1.02–1.24) 0.018 1.06 (0.97–1.16) 0.187
7 (1.02–1.12) 0.011 1.10 (1.05–1.16) <0.001
.0 (0.77–77.0) 0.027 0.63(0.21–1.89) 0.411
9 (0.32–0.74) <0.001 0.68 (0.48–0.99) 0.041

PS = Eastern Cooperative Oncology Group performance status; HR = hazard
perative; STx = systemic therapy; TKI = tyrosine kinase inhibitor.
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Fig. 1 – (A) Overall survival, (B) cancer-specific survival, and (C) progression-free survival for the entire cohort. IO = immuno-oncology; TKI = tyrosine kinase
inhibitor.
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than the 25.9% for CN followed by sunitinib in CARMENA.
While this may be attributable to the inclusion of mainly
patients with favorable risk in our study, similar findings
were noted for our subanalysis of patients with intermedi-
ate or poor risk, with better 3-yr OS rates for these sub-
groups (TKI + CN 40%, IO + CN 73%) in comparison to
CARMENA. Taken together, our findings suggest that addi-
tion of IO-based protocols to CN results in a significant
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Fig 2 – (A) Overall survival, (B) cancer-specific survival, and (C) progression-free survival for patients with intermediate- or poor-risk disease. IO = immuno-
oncology; TKI = tyrosine kinase inhibitor.
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improvement in outcomes in comparison to CN + TKI, even
in intermediate- or poor-risk mRCC.

SURTIME evaluated the timing of CN (before or after
sunitinib) and found that immediate surgery did not impart
a survival benefit [4]. This randomized clinical trial of 99
patients followed over 5.7 yr demonstrated that deferred
CN did not improve the PFS rate at 28 wk (42% for immedi-
ate CN vs 43% for deferred CN; p = 0.61). However, the OS
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rate was better with deferred CN (albeit not statistically sig-
nificant), which the authors posit may be attributable to
greater eligibility for sunitinib therapy in this group (87%
in the upfront CN group vs 98% in the delayed CN group).
Our findings suggest better outcomes for patients who
underwent CN after systemic therapy, which confirms the
trend observed in SURTIME. In our study, deferred CN was
independently associated with better OS (HR 0.67;
p = 0.039), CSS (HR 0.49; p < 0.001), and PFS (HR 0.68;
p = 0.041). Considering the failure to enroll the required
number of patients in SURTIME, with lack of power leading
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Fig. 3 – Overall survival for the (A) TKI and (B) IO therapy groups. Cancer-specific
for the (E) TKI and (F) IO therapy groups. IO = immuno-oncology; TKI = tyrosine
to nonsignificant data, and the lack of similar data for
patients treated with IO agents, our study adds important
information about the optimal timing of CN and confirms
results from SURTIME and other studies suggesting that
CN after primary systemic therapy may be associated with
better outcomes.

With the paradigm shift of the IO era, a re-examination
of the impact of CN in IO treated is a topic of emerging
investigation. In a study involving 433 patients, Ghatalia
et al [19] found that upfront CN + IO had an OS benefit over
IO alone (26.6 vs 14.6 mo; p < 0.001). There was no differ-
(A)
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48 60
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survival for the (C) TKI and (D) IO therapy groups. Progression-free survival
kinase inhibitor.



(C)

(D)

C
um

ul
at

iv
e 

su
rv

iv
al

C
um

ul
at

iv
e 

su
rv

iv
al

CN timing

CN timing

Follow-up (mo)

Follow-up (mo)

0 12 24 36 48 60

0 12 24 36 48 60

Fig. 3 (continued)
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ence in median OS between upfront and delayed CN in this
IO setting (HR 1.00; p = 0.99). Similarly, in a study involving
391 patients from the National Cancer Data Base, Singla
et al [20] found that patients treated with CN and
immunotherapy had better OS survival than patients trea-
ted with immunotherapy alone (HR 0.23; p < 0.001). In this
cohort the OS rate at 30 mo was �50% for CN + IO compared
to 23% for IO alone. In a recently published study by the
International Metastatic RCC Database Consortium, Bak-
ouny et al [21] analyzed 4639 patients who received TKI
or ICI therapy with or without upfront CN. A survival benefit
with upfront CN was observed for both the TKI group (HR
0.72; p < 0.001) and the ICI group (HR 0.61; p = 0.013). There
was no significant difference in the improvement in OS
between ICI and TKI therapy (interaction p = 0.6). These
findings emphasize the impact of primary CN. By contrast,
a significant proportion of patients in our cohort received
upfront systemic therapy (IO or TKI) before CN and the
improvement in OS for this group (HR 0.67; p = 0.039) sug-
gests a beneficial impact of primary systemic therapy fol-
lowed by CN. Ultimately, questions remain regarding the
role of CN in the IO era, particularly with respect to surgical



(E)

(F)

C
um

ul
at

iv
e 

su
rv

iv
al

C
um

ul
at

iv
e 

su
rv

iv
al

Follow-up (mo)

0 12 24 36 48 60

Follow-up (mo)

0 12 24 36 48 60

CN timing

CN timing

Fig. 3 (continued)

E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 3 ( 2 0 2 4 ) 7 1 – 8 0 79
timing and patient selection; it is hoped that these ques-
tions will be answered by actively recruiting clinical trials,
including PROBE and NORDIC SUN [22,23].

Our results are subject to the inherent limitations of a
retrospective study. The multicenter and multinational set-
ting involves potential confounding because of nonstan-
dardized therapeutic approaches and differences in
follow-up protocols. The TKI and IO agents used and the
duration of therapy varied by center. In addition, we have
no information regarding whether CN was performed for
palliative or debulking/consolidative indications. We also
acknowledge that patient selection for CN may differ
between the TKI and IO eras.

Our results suggesting better outcomes for CN + IO ther-
apy in comparison to TKI-only regimens warrant further tri-
als on the utility and timing of CN in protocols involving IO
or combined IO-TKI treatment for mRCC.
5. Conclusions

For patients who underwent CN, initiation of systemic ther-
apy before CN was associated with better outcomes. Fur-
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thermore, IO therapy was associated with better survival
outcomes in comparison to TKI therapy. While further
investigations are needed, our findings call into question
the applicability of CN clinical trial data from the TKI era
to current IO-based therapeutic protocols for mRCC.
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