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Abstract: Immunotherapy-based systemic treatment (ST) is the standard of care for most patients
diagnosed with metastatic renal cell carcinoma (mRCC). Cytoreductive nephrectomy (CN) has histor-
ically shown benefit for select patients with mRCC, but its role and timing are not well understood
in the era of immunotherapy. The primary objective of this study is to assess outcomes in patients
who received ST only, CN followed by ST (CN-ST), and ST followed by CN (ST-CN). The Canadian
Kidney Cancer information system (CKCis) database was queried to identify patients with de novo
mRCC who received immunotherapy-based ST between January 2014 and June 2023. These patients
were classified into three categories as described above. Cox proportional hazards models were
used to assess the impact of the timing of ST and CN on overall survival (OS) and progression-free
survival (PFS), after adjusting for the International Metastatic RCC Database Consortium (IMDC)
risk group, age, and comorbidities. Best overall response and complications of ST and CN for these
cohorts were collected. A total of 588 patients were included in this study: 331 patients received ST
only, 215 patients received CN-ST, and 42 patients received ST-CN. Patient and disease characteristics
including age, gender, performance status, IMDC risk category, comorbidity, histology, type of ST,
and metastatic sites are reported. OS analysis favored patients who received ST-CN (hazard ratio
[HR] 0.30, 95% confidence interval [CI] 0.13–0.68) and CN-ST (HR 0.68, CI 0.47–0.97) over patients
who received ST only. PFS analysis showed a similar trend for ST-CN (HR 0.45, CI 0.26–0.77) and
CN-ST (HR 0.9, CI 0.68–1.17). This study examined baseline features and outcomes associated with
the use and timing of CN and ST using real-world data via a large Canadian real-world cohort. Pa-
tients selected to receive CN after ST demonstrated improved outcomes. There were no appreciable
differences in perioperative complications across groups. Limitations include the small number of
patients in the ST-CN group and residual confounding and selection biases that may influence the
outcomes in patients undergoing CN.
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1. Introduction

Renal cell carcinoma is the sixth most diagnosed cancer in men and the ninth most
diagnosed cancer in women. Its incidence continues to rise approximately 1.5% per year in
the United States with an estimated 81,000 expected new diagnoses and 14,000 expected
deaths attributable to this disease in 2024 [1]. In the advanced setting, treatment for patients
with renal cell carcinoma often requires a multidisciplinary approach with both systemic
and local therapies employed to impact the natural history of this morbid disease.

The treatment paradigm for metastatic renal cell carcinoma (mRCC) has evolved over
the last three decades with an increase in median overall survival from approximately
8 months with interferon-based immunotherapy in 1999, to approximately 25 months with
targeted therapy in 2007, to approximately 50 months with checkpoint inhibition-based
immunotherapy in 2024 [2–5]. Cytoreductive nephrectomy (CN) has historically been a
standard of care, increasing survival by 3–10 months for patients with mRCC receiving
interferon-based immunotherapy [6,7]. However, in the era of targeted therapy with
tyrosine kinase inhibitors (TKIs), the CARMENA trial demonstrated that sunitinib alone
was non-inferior to CN followed by sunitinib in the intention to treat population [8]. Only
a small subgroup of intermediate-risk patients benefited from upfront CN in a post-hoc
analysis [9]. Furthermore, the SURTIME trial demonstrated that initiation of sunitinib prior
to CN was associated with an increased rate of sunitinib treatment and overall survival
compared to upfront CN followed by sunitinib, but this trial did not have a comparator
arm without CN [10]. Today, the standard of care systemic treatment for mRCC is based on
an immunotherapy backbone with a combination of checkpoint inhibition and targeted
therapy (Io/TKI) or dual checkpoint inhibition (Io/Io) [11–15]. The role and timing of CN
in the era of novel immunotherapy-based systemic treatment (ST) remain controversial.

Limited observational data show that metastatic patients receiving CN have better
survival compared to those who did not receive CN [16–19]. However, the effect on patient
outcomes, CN complications, and ST complications based on the permutations of CN to ST
is poorly understood. Using real-world data from the Canadian Kidney Cancer information
system (CKCis), we describe outcomes and complications in patients who received ST only,
CN followed by ST (CN-ST), and ST followed by CN (ST-CN) in the era of checkpoint
inhibition immunotherapy.

2. Materials and Methods
2.1. Data Source and Ethics

The Canadian Kidney Cancer information system (CKCis) is a prospectively main-
tained national database of kidney cancer patients treated at 14 academic centers and
1 community center from 6 provinces. CKCis data have been shown to be representative
of the Canadian kidney cancer population and consistent with the American surveillance,
epidemiology, and end result (SEER) database [20]. Research ethics board (REB) approval
was obtained from each participating center. The lead site for this project was McGill Uni-
versity Health Centre (MUHC); the MUHC REB approval code for CKCis is #10–178-BMA.
The study is presented based on the strengthening of the reporting of observational studies
in epidemiology (STROBE) statement [21].

2.2. Patient Population

We identified patients with de novo synchronous mRCC between January 2014 and
June 2023 who received front-line systemic therapy with Io/Io (i.e., ipilimumab/nivolumab)
or Io/TKI (i.e., pembrolizumab/axitinib; other combinations were not used per regulatory
approval in the indexed time period). Synchronous mRCC was defined as histologically
proven RCC with radiographical evidence of distant metastasis discovered within three
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months of diagnosis or curative-intent nephrectomy. All International Metastatic RCC
Database Consortium (IMDC) risk categories were included in this study. Patients were
categorized into three cohorts: (1) ST only—patients who received immunotherapy-based
systemic treatment without CN. (2) CN-ST—patients who started immunotherapy-based
systemic treatment for metastatic disease within three months following nephrectomy.
Metastatic disease may have been present at the time of nephrectomy or discovered within
three months of nephrectomy. (3) ST-CN—patients who received at least one dose of
immunotherapy-based systemic treatment prior to nephrectomy for metastatic disease.

2.3. Definition of Endpoints and Variables

Overall survival (OS) was defined as the time from initiation of systemic therapy
until death from any cause. Progression-free survival (PFS) was defined as the time
from initiation of system therapy until disease progression as determined by the treating
oncologist or death from any cause. The IMDC score was calculated by retrieving the time
to initiation of treatment, Karnofsky performance status, hemoglobin, corrected calcium,
neutrophils, and platelets. Each patient was assigned an IMDC risk category of favorable
(0 points), intermediate (1–2 points), and poor (≥3 points) as previously described [22].
Best overall response rate per patient was categorized into complete response (CR), partial
response (PR), stable disease (SD), and progression of disease (PD) per the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1) [23]. The objective response
rate (ORR) was defined as the sum of CR and PR. Disease control rate (DCR) was defined
as the sum of CR, PR, and SD. The reason for treatment change or cessation was collected.
Perioperative complications were defined as medical complications that were directly
attributable to the surgical procedure as determined by the treating physicians.

2.4. Statistical Analysis

Continuous variables were described using the median and interquartile range. Cat-
egorical variables were described using absolute counts and percentages. The OS and
PFS distributions were summarized using Kaplan–Meier curves. Median OS and PFS and
the corresponding 95% confidence intervals were reported. Log-rank tests were used to
compare the survival curves. Cox’s proportional hazards models were used to determine
the association of ST and CN on OS and PFS, after adjusting for IMDC risk, age, and
comorbidities. The hazard ratio (HR) and the corresponding 95% confidence intervals were
reported. A p-value < 0.05 was used for statistical significance. Categorical variables were
compared using the chi-squared test and ANOVA was used to compare the means between
the three groups. Non-normally distributed continuous variables were compared using the
Kruksal–Wallis test. All statistical tests were conducted using SAS (SAS Institute Inc., Cary,
NC, USA) version 9.4 software.

3. Results
3.1. Patient Characteristics

A total of 588 patients with mRCC whose data are listed in the CKCis database met
the inclusion criteria for this study: 331 (56%) patients received ST only, 215 (37%) patients
received CN-ST, and 42 (7%) patients received ST-CN. Patient and disease characteristics
for each cohort are listed in Table 1. Patients who were selected to undergo CN regardless
of the timing of ST were younger with a median age of 64 in the ST-only cohort versus 62
and 60, respectively, for the CN-ST and ST-CN cohorts (p = 0.0001).

Patients who underwent CN at any time were more likely to have Karnofsky perfor-
mance status greater than 70 (92% vs. 76%, p < 0.0001). The IMDC risk category distribution
was similar between the ST-only and ST-CN cohorts. The CN-ST cohort had a more favor-
able IMDC score compared to the other two cohorts who received upfront ST with 10% vs.
2% in the favorable risk, 64% vs. 42% in the intermediate risk, and 25% vs. 56% in the poor
risk category (p < 0.0001). The Charlson comorbidity index was similar across all cohorts.
Systemic therapy with pembrolizumab and axitinib in the ST only, CN-ST and ST-CN
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cohorts were 63% vs. 75% vs. 85%, respectively (p = 0.0003). The remainder of patients in
all cohorts received ipilimumab and nivolumab. The median time to treatment initiation
was 1.9 months in the ST-only cohort, 4.9 months in the CN-ST cohort, and 1.5 months
in the ST-CN cohort (p = 0.044). The rate of metastasis to the brain, lung, and liver were
statistically similar in all cohorts. The rate of bone metastasis was higher in the ST-only
cohort (42%) compared to CN-ST (29%) and ST-CN (31%) cohorts (p = 0.007). The rate of
sarcomatoid differentiation in nephrectomy specimens was 30% and 34% in the CN-ST and
ST-CN cohorts, respectively.

Table 1. Patient characteristics.

ST Only (%) CN-ST (%) ST-CN (%) p-Value

Total patients * 331 215 42

Median age (IQR) 64 (14) 62 (11) 60 (14) 0.0001

Sex 0.135

Male 241 (75) 157 (73) 36 (86)

Female 90 (25) 58 (27) 6 (14)

KPS <0.0001

≥70 235/311 (76) 181/196 (92) 35/39 (90)

<70 76/311 (24) 15/196 (8) 4/39 (10)

IMDC <0.0001

Favorable 6/281 (2) 18/172 (10) 1/33 (3)

Intermediate 117/281 (41) 111/172 (64) 14/33 (42)

Poor 158/281 (56) 43/172 (25) 18/33 (55)

Charlson comorbidity index ‡ 0.109

Score 0–2 5/312 (2) 5/202 (2) 1/37 (3)

Score 3 3/312 (1) 9/202 (4) 0/37 (0)

Score ≥ 4 304/312 (97) 188/202 (94) 36/37 (97)

Systemic Treatment 0.0003

Pembrolizumab/axitinib 208 (63) 162 (75) 36 (85)

Ipilimumab/nivolumab 123 (37) 53 (25) 6 (15)

Median time to initiation (months) 1.9 4.9 1.5 0.043

Histology 0.019

Clear cell 202/255 (79) 177/201 (88) 29/39 (74)

Non-clear cell 53/255 (21) 24/201 (12) 10/39 (26)

Site of metastasis

Brain 44 (13) 30 (14) 3 (7) 0.482

Lung 242 (73) 161 (75) 27 (64) 0.366

Liver 86 (26) 43 (20) 7 (17) 0.158

Bone 138 (42) 62 (29) 13 (31) 0.007

Median follow-up (months) 17 30 30
* Total patients reviewed. Each row is normalized to the total available data respectively if missing data for the
set variable. ‡ Charlson comorbidity index estimates the 10-year survival in the following scores as 0–2: 90%,
3: 75%, and ≥4: 50% or less. Abbreviations: ST—systemic treatment only. CN-ST—upfront cytoreductive nephrec-
tomy followed by systemic treatment. ST–CN—systemic treatment followed by cytoreductive nephrectomy.
IQR—interquartile range. KPS—Karnofsky Performance Status Scale. IMDC—International Metastatic RCC
Data Consortium.
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3.2. Survival Outcomes and Response to Treatment

Unweighted analyses of OS (Figure 1A) and PFS (Figure 1B) are presented via Kaplan–
Meier curves. Results of multivariable Cox proportional hazard ratios for OS and PFS are
listed in Table 2. Multivariable analysis for OS was favored in patients who received ST-CN
(HR 0.30, CI 0.13–0.68, p = 0.004) and CN-ST (HR 0.68, CI 0.47–0.97, p = 0.03) over patients
who received ST only. Multivariable analysis for PFS showed a similar association for
ST-CN vs. ST only (HR 0.45, CI 0.26–0.77, p = 0.004) but not for CN-ST (HR 0.9, CI 0.68–1.17,
p = 0.44) vs. ST only. Favorable and intermediate IMDC risk category was an independent
positive predictor of OS with HR 0.32 (CI 0.13–0.80, p = 0.017) and HR 0.47 (CI 0.34–0.65,
p < 0.0001), respectively, compared to the IMDC poor risk category. The summary of best
overall tumor response to systemic treatment in each cohort is reported in Table 3. The
objective response rate (ORR) was 32% in ST only, 41.4% in CN-ST, and 59.6% in ST-CN
cohorts. The disease control rate (DCR) was 52.8% in ST only, 58.1% in CN-ST, and 71.9%
in ST-CN cohorts. Perioperative complications were reported in 45 patients (21%) in the
CN-ST cohort and in 6 patients (14%) in the ST-CN cohort (Table 4). There were no unique
safety signals in patients who received ST prior to CN.

Table 2. Multivariable cox proportional hazards regression for survival.

Overall Survival Progression Free Survival

HR (CI) p-Value HR (CI) p-Value

Age 1 (0.98–1.02) 0.58 0.99 (0.98–1.01) 0.24

IMDC

Favorable 0.32 (0.13–0.80) 0.017 0.52 (0.28–0.95) 0.03

Intermediate 0.47 (0.34–0.65) <0.0001 0.86 (0.67–1.1) 0.23

Poor Reference Reference

Charlson comorbidity index

Score 0–2 0.79 (0.25–2.53) 0.70 0.79 (0.35–1.80) 0.57

Score 3 1.62 (0.51–5.21) 0.42 0.86 (0.35–2.10) 0.73

Score > 4 Reference Reference

Treatment

ST only Reference Reference

CN-ST 0.68 (0.47–0.97) 0.03 0.90 (0.68–1.17) 0.44

ST-CN 0.30 (0.13–0.68) 0.004 0.45 (0.26–0.77) 0.004

Table 3. Summary of best overall tumor response to systemic therapy.

Best Response, n (%) ST Only CN-ST ST-CN

CR 0 (0) 15 (7.0) 7 (16.7)

PR 106 (32.0) 74 (34.4) 18 (42.9)

SD 69 (20.8) 36 (16.7) 5 (11.9)

PD 88 (26.6) 56 (26.1) 4 (9.5)

Not evaluable/available 68 (20.6) 34 (15.8) 8 (19.0)
CR: complete response; PR: partial response; SD: stable disease; PD: progression of disease. Per Response
Evaluation Criteria in Solid Tumors version 1.1.
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Table 4. Perioperative complications.

CN-ST n = 215 (%) ST-CN n = 42 (%)

Abscess/wound infection 3 (1.5%) 0

Bleeding 5 (2.5%) 1 (2.5%)

Incidental splenectomy 2 (1%) 1 (2.5%)

Deep vein thrombosis 2 (1%) 0

Myocardial infarct 1 (0.5%) 0

Pulmonary embolism 2 (1%) 0

Stroke 1 (0.5%) 0

Pneumothorax 1 (0.5%) 2 (5%)

Dialysis 3 (1.5%) 0

Other * 25 (14%) 2 (5%)

Total 45 (21%) 6 (14%)
* Acute renal injury, adhesions, desmoplastic reaction, difficult dissection, ileus, edema, hematoma, pancreatic
leak, pulseless electrical activity arrest, pleural effusion, severe hypotension, vena cava dissection.
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4. Discussion

This study aimed to characterize the real-world practice patterns and outcomes for
patients receiving CN as part of their treatment for mRCC in the era of immunotherapy
via checkpoint inhibition. While its use is controversial post CARMENA and SURTIME
trials, CN remains prevalent with the rate of prior nephrectomy in contemporary trials,
being 70% in CHECKMATE-9ER, 83% in KEYNOTE-426, 75% in CLEAR, 80% in JAVELIN
renal-101, and 81% in CHECKMATE-214 [11–15]. The proportion of nephrectomies that
were performed in the setting of initially localized disease versus true CN in the metastatic
setting is not reported. In our study, the rate of CN in the metastatic setting before or after
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ST was only 43%. This may reflect the changing real-world practice patterns, which are
consistent with the lack of level 1 data supporting its use with modern treatments.

In the present study, patients who were selected to undergo CN had improved out-
comes compared to patients receiving ST alone. Furthermore, patients who underwent
ST-CN had better outcomes compared to patients who had CN-ST, despite negative skew-
ing from the higher proportion of IMDC poor risk category in the ST-CN cohort (55% vs.
25%). The IMDC risk category appears to be prognostically valid in patients receiving con-
temporary treatments and was an independent predictor of outcome in our multivariable
analysis [24]. The ST-CN cohort had the highest proportion of Io/TKI to Io/Io, although
the clinical significance of this is unknown as no head-to-head comparisons have been
performed for these regimens in mRCC. The ST-CN cohort had the highest overall tumor
response to systemic therapy. However, it is unknown whether this response was achieved
before or after CN. Excellent response to therapy at metastatic sites may have prompted
more nephrectomies to consolidate treatment, which may have led to the selection bias
that reflects the improved outcomes in this cohort. Alternatively, removal of the cancer
stem cells and immunosuppressive TME via extirpation of the primary tumor may have
conferred the survival benefit in these cohorts.

The findings presented in this study should be interpreted within the limitations
of the inherent biases of the observational study design that are not fully controlled by
our statistical adjustments. Selection bias leading to unequal selection probability into
the three cohorts and variables weighing into this decision is more complex than what is
reconciled by our multivariate adjustment. This may contribute to the superior ORR in
the ST-CN group and the consequent advantages in OS and PFS. However, the PFS in the
first three months of systemic therapy was similar across all cohorts, which indicates that
initial response was not the major driver in the clinical decision making for patients who
received ST-CN. Immortal time bias for patients receiving ST-CN needs to be considered
in the OS analysis as patients must be alive and fit to undergo CN post initiation of ST.
By definition, patients who died shortly after initiation of ST could not be included in
this cohort irrespective of patient or disease characteristics. The limited sample size of
the ST-CN cohort and the consequent susceptibility to random error are limitations of this
study. As such, more data is required prior to routine implementation of CN in mRCC.

Ongoing randomized control trials will help address some of the biases and limita-
tions of our study. The PROBE trial (NCT04510597) randomizes patients with de novo
mRCC to receive immunotherapy-based ST only versus CN within 42 days of initiation
of ST. The investigators are assessing OS, PFS, and ORR as their outcome measures. The
NORDIC-SUN trial (NCT03977571) includes all patients with de novo mRCC receiving
immunotherapy-based ST. At the 3-month and 6-month time intervals, a multi-disciplinary
team will determine suitability for CN for patients whose IMDC risk category is ≤3. Se-
lected patients who are eligible for CN will be randomized to continue ST only vs. CN at the
designated time intervals. The primary outcome for the NORDIC-SUN is OS. Secondary
and exploratory outcomes include various clinical and scientific measures. These two
randomized trials aim to answer whether deferred CN is beneficial to patients with mRCC
versus ST alone. However, the results of these trials cannot be extrapolated to patients who
receive upfront CN and these randomized trials are also not free of the biases that may lead
to locoregional therapies for minimal disease burden and ST changes post CN.

5. Conclusions

This study examined baseline features and outcomes associated with the use and
timing of CN and ST using real-world data through the CKCis database. Patients who
were selected to receive CN after ST had improved outcomes and response to treatment.
There were no appreciable differences in perioperative complications based on the timing
of ST. Limitations include the small number of patients in the CN-ST group and residual
confounding and selection biases that may influence the outcomes in patients undergoing
CN. Results of ongoing randomized trials are highly anticipated prior to routinely imple-
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menting CN as part of the treatment algorithm for patients with mRCC who are receiving
contemporary treatments.

Author Contributions: Conceptualization: C.L.P., F.A.M., J.G. and R.R.S.; methodology, C.L.P., S.G.,
J.G. and R.R.S.; statistical analyses, S.G.; data curation, all authors; writing—original draft preparation,
C.L.P.; writing—review and editing, all authors; supervision, N.S.B., J.G. and R.R.S. All authors have
read and agreed to the published version of the manuscript.

Funding: The Canadian Kidney Cancer information system (CKCis) is funded by the Kidney Cancer
Research Network of Canada which receives funding support from industry sponsors.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Research Ethics Board of the participating institutions of the CKCis
database. The MUHC REB approval code for CKCis is #10–178-BMA.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Siegel, R.L.; Giaquinto, A.N.; Jemal, A. Cancer statistics, 2024. CA Cancer J. Clin. 2024, 74, 12–49. [CrossRef] [PubMed]
2. Interferon-alpha and survival in metastatic renal carcinoma: Early results of a randomised controlled trial. Medical Research

Council Renal Cancer Collaborators. Lancet 1999, 353, 14–17. [CrossRef]
3. Motzer, R.J.; Hutson, T.E.; Tomczak, P.; Michaelson, M.D.; Bukowski, R.M.; Oudard, S.; Negrier, S.; Szczylik, C.; Pili, R.; Bjarnason,

G.A.; et al. Overall survival and updated results for sunitinib compared with interferon alfa in patients with metastatic renal cell
carcinoma. J. Clin. Oncol. 2009, 27, 3584–3590. [CrossRef]

4. Nizar, M.; Tannir, B.E.; McDermott, D.F.; Burotto, M.; Choueiri, T.K.; Hammers, H.J.; Plimack, E.R.; Porta, C.; George, S.; Powles,
T.; et al. Nivolumab plus ipilimumab (NIVO+IPI) vs. sunitinib (SUN) for first-line treatment of advanced renal cell carcinoma
(aRCC): Long-term follow-up data from the phase 3 CheckMate 214 trial. In Proceedings of the 2024 ASCO Genitourinary Cancers
Symposium, San Francisco, CA, USA, 25–27 January 2024.

5. Motzer, R.J.; Porta, C.; Eto, M.; Powles, T.; Grunwald, V.; Hutson, T.E.; Alekseev, B.; Rha, S.Y.; Merchan, J.; Goh, J.C.; et al.
Lenvatinib Plus Pembrolizumab Versus Sunitinib in First-Line Treatment of Advanced Renal Cell Carcinoma: Final Prespecified
Overall Survival Analysis of CLEAR, a Phase III Study. J. Clin. Oncol. 2024, 42, 1222–1228. [CrossRef] [PubMed]

6. Mickisch, G.H.; Garin, A.; van Poppel, H.; de Prijck, L.; Sylvester, R.; European Organisation for Research; Treatment of Cancer
(EORTC) Genitourinary Group. Radical nephrectomy plus interferon-alfa-based immunotherapy compared with interferon alfa
alone in metastatic renal-cell carcinoma: A randomised trial. Lancet 2001, 358, 966–970. [CrossRef] [PubMed]

7. Flanigan, R.C.; Salmon, S.E.; Blumenstein, B.A.; Bearman, S.I.; Roy, V.; McGrath, P.C.; Caton, J.R., Jr.; Munshi, N.; Crawford, E.D.
Nephrectomy followed by interferon alfa-2b compared with interferon alfa-2b alone for metastatic renal-cell cancer. N. Engl. J.
Med. 2001, 345, 1655–1659. [CrossRef] [PubMed]

8. Mejean, A.; Ravaud, A.; Thezenas, S.; Colas, S.; Beauval, J.B.; Bensalah, K.; Geoffrois, L.; Thiery-Vuillemin, A.; Cormier, L.; Lang,
H.; et al. Sunitinib Alone or after Nephrectomy in Metastatic Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 379, 417–427. [CrossRef]

9. Mejean, A.; Ravaud, A.; Thezenas, S.; Chevreau, C.; Bensalah, K.; Geoffrois, L.; Thiery-Vuillemin, A.; Cormier, L.; Lang, H.;
Guy, L.; et al. Sunitinib Alone or After Nephrectomy for Patients with Metastatic Renal Cell Carcinoma: Is There Still a Role for
Cytoreductive Nephrectomy? Eur. Urol. 2021, 80, 417–424. [CrossRef]

10. Bex, A.; Mulders, P.; Jewett, M.; Wagstaff, J.; van Thienen, J.V.; Blank, C.U.; van Velthoven, R.; Del Pilar Laguna, M.; Wood, L.;
van Melick, H.H.E.; et al. Comparison of Immediate vs. Deferred Cytoreductive Nephrectomy in Patients With Synchronous
Metastatic Renal Cell Carcinoma Receiving Sunitinib: The SURTIME Randomized Clinical Trial. JAMA Oncol. 2019, 5, 164–170.
[CrossRef]

11. Choueiri, T.K.; Powles, T.; Burotto, M.; Escudier, B.; Bourlon, M.T.; Zurawski, B.; Oyervides Juarez, V.M.; Hsieh, J.J.; Basso, U.;
Shah, A.Y.; et al. Nivolumab plus Cabozantinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2021, 384,
829–841. [CrossRef] [PubMed]

12. Rini, B.I.; Plimack, E.R.; Stus, V.; Gafanov, R.; Hawkins, R.; Nosov, D.; Pouliot, F.; Alekseev, B.; Soulieres, D.; Melichar, B.; et al.
Pembrolizumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 1116–1127.
[CrossRef]

13. Motzer, R.; Alekseev, B.; Rha, S.Y.; Porta, C.; Eto, M.; Powles, T.; Grunwald, V.; Hutson, T.E.; Kopyltsov, E.; Mendez-Vidal, M.J.;
et al. Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. J. Med. 2021, 384, 1289–1300.
[CrossRef]

https://doi.org/10.3322/caac.21820
https://www.ncbi.nlm.nih.gov/pubmed/38230766
https://doi.org/10.1016/S0140-6736(98)03544-2
https://doi.org/10.1200/JCO.2008.20.1293
https://doi.org/10.1200/JCO.23.01569
https://www.ncbi.nlm.nih.gov/pubmed/38227898
https://doi.org/10.1016/S0140-6736(01)06103-7
https://www.ncbi.nlm.nih.gov/pubmed/11583750
https://doi.org/10.1056/NEJMoa003013
https://www.ncbi.nlm.nih.gov/pubmed/11759643
https://doi.org/10.1056/NEJMoa1803675
https://doi.org/10.1016/j.eururo.2021.06.009
https://doi.org/10.1001/jamaoncol.2018.5543
https://doi.org/10.1056/NEJMoa2026982
https://www.ncbi.nlm.nih.gov/pubmed/33657295
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1056/NEJMoa2035716


Curr. Oncol. 2024, 31 4712

14. Motzer, R.J.; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger, C.; Negrier, S.; Uemura,
M.; et al. Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019, 380, 1103–1115.
[CrossRef]

15. Motzer, R.J.; Tannir, N.M.; McDermott, D.F.; Aren Frontera, O.; Melichar, B.; Choueiri, T.K.; Plimack, E.R.; Barthelemy, P.; Porta,
C.; George, S.; et al. Nivolumab plus Ipilimumab versus Sunitinib in Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2018, 378,
1277–1290. [CrossRef]

16. Takemura, K.; Ernst, M.S.; Navani, V.; Wells, J.C.; Bakouny, Z.; Donskov, F.; Basappa, N.S.; Wood, L.A.; Meza, L.; Pal, S.K.;
et al. Characterization of Patients with Metastatic Renal Cell Carcinoma Undergoing Deferred, Upfront, or No Cytoreductive
Nephrectomy in the Era of Combination Immunotherapy: Results from the International Metastatic Renal Cell Carcinoma
Database Consortium. Eur. Urol. Oncol. 2023, 7, 501–508. [CrossRef] [PubMed]

17. Chakiryan, N.H.; Gore, L.R.; Reich, R.R.; Dunn, R.L.; Jiang, D.D.; Gillis, K.A.; Green, E.; Hajiran, A.; Hugar, L.; Zemp, L.; et al.
Survival Outcomes Associated With Cytoreductive Nephrectomy in Patients With Metastatic Clear Cell Renal Cell Carcinoma.
JAMA Netw. Open 2022, 5, e2212347. [CrossRef]

18. Bakouny, Z.; El Zarif, T.; Dudani, S.; Connor Wells, J.; Gan, C.L.; Donskov, F.; Shapiro, J.; Davis, I.D.; Parnis, F.; Ravi, P.; et al.
Upfront Cytoreductive Nephrectomy for Metastatic Renal Cell Carcinoma Treated with Immune Checkpoint Inhibitors or
Targeted Therapy: An Observational Study from the International Metastatic Renal Cell Carcinoma Database Consortium. Eur.
Urol. 2023, 83, 145–151. [CrossRef] [PubMed]

19. Dragomir, A.; Nazha, S.; Tanguay, S.; Breau, R.H.; Bhindi, B.; Rendon, R.A.; Kapoor, A.; Hotte, S.J.; Basappa, N.; Fairey, A.; et al.
Outcomes of Cytoreductive Nephrectomy for Patients with Metastatic Renal Cell Carcinoma: Real World Data from Canadian
Centers. Eur. Urol. Focus 2022, 8, 1703–1710. [CrossRef] [PubMed]

20. Tajzler, C.; Tanguay, S.; Mallick, R.; Ahrens, B.; Ly, T.L.; Breau, R.H.; Basappa, N.S.; Kapoor, A.; Heng, D.Y.C.; Pouliot, F.; et al.
Determining generalizability of the Canadian Kidney Cancer information system (CKCis) to the entire Canadian kidney cancer
population. Can. Urol. Assoc. J. 2020, 14, E499–E506. [CrossRef]

21. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Initiative, S. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. J. Clin.
Epidemiol. 2008, 61, 344–349. [CrossRef]

22. Heng, D.Y.; Xie, W.; Regan, M.M.; Warren, M.A.; Golshayan, A.R.; Sahi, C.; Eigl, B.J.; Ruether, J.D.; Cheng, T.; North, S.; et al.
Prognostic factors for overall survival in patients with metastatic renal cell carcinoma treated with vascular endothelial growth
factor-targeted agents: Results from a large, multicenter study. J. Clin. Oncol. 2009, 27, 5794–5799. [CrossRef] [PubMed]

23. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247.
[CrossRef] [PubMed]

24. Ernst, M.S.; Navani, V.; Wells, J.C.; Donskov, F.; Basappa, N.; Labaki, C.; Pal, S.K.; Meza, L.; Wood, L.A.; Ernst, D.S.; et al.
Outcomes for International Metastatic Renal Cell Carcinoma Database Consortium Prognostic Groups in Contemporary First-line
Combination Therapies for Metastatic Renal Cell Carcinoma. Eur. Urol. 2023, 84, 109–116. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1056/NEJMoa1816047
https://doi.org/10.1056/NEJMoa1712126
https://doi.org/10.1016/j.euo.2023.10.002
https://www.ncbi.nlm.nih.gov/pubmed/37914579
https://doi.org/10.1001/jamanetworkopen.2022.12347
https://doi.org/10.1016/j.eururo.2022.10.004
https://www.ncbi.nlm.nih.gov/pubmed/36272943
https://doi.org/10.1016/j.euf.2021.10.004
https://www.ncbi.nlm.nih.gov/pubmed/34736870
https://doi.org/10.5489/cuaj.6716
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1200/JCO.2008.21.4809
https://www.ncbi.nlm.nih.gov/pubmed/19826129
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1016/j.eururo.2023.01.001

	Introduction 
	Materials and Methods 
	Data Source and Ethics 
	Patient Population 
	Definition of Endpoints and Variables 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Survival Outcomes and Response to Treatment 

	Discussion 
	Conclusions 
	References

