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Simple Summary: This stduy focuses on a specific surgery for advanced kidney cancer that has
spread, known as cytoreductive nephrectomy. The study examined the health results of 437 patients
over five years to see if the surgery, when combined with drug therapy, offers better outcomes than
just the drug therapy on its own. The findings suggest that patients who underwent both the surgery
and the drug therapy tended to fare better than those who only had the drug therapy. This indicates
that the surgery might be a good option for some patients, but more studies are needed to be sure.
The results of this study could help doctors make better treatment plans for patients with this type of
kidney cancer in the future.

Abstract: (1) Background: The role of cytoreductive nephrectomy (CN) is controversial in patients
with primary metastatic renal cell carcinoma (mRCC). (2) Methods: We evaluated the impact of
CN, or no CN, followed by first-line targeted therapy (TT) in a nationwide unselected cohort of
437 consecutive patients with primary mRCC over a two-year period with a minimum of five years of
follow-up. Data sources were national registries supplemented with manually extracted information
from individual patient medical records. Cox proportional hazards estimated the hazard ratio (HR) of
overall death and cancer-specific death after one and three years. (3) Results: 210 patients underwent
CN and 227 did not. A total of 176 patients (40%) had CN followed by TT, 160 (37%) had TT alone, 34
(8%) underwent CN followed by observation, and 67 (15%) received no treatment. After adjustments
in Model 2, patients treated with TT alone demonstrated a worsened overall survival (OS) compared
to those treated with CN + TT, HR 0.63 (95% CI: 0.19–2.04). (4) Conclusions: In this nationwide
study, CN was associated with enhanced outcomes in carefully selected patients with primary mRCC.
Further randomized trials are warranted.
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1. Background

Around 20% of patients with renal cell carcinoma (RCC) have primary metastatic
disease, i.e., have a synchronous primary tumor and metastases at the time of diagnosis;
the outcomes of these patients are poor [1–3]. The strategy of conducting cytoreductive
nephrectomy (CN) followed by systemic therapy has been controversial [3–5]. In the
cytokine era, two randomized trials demonstrated a modest survival improvement by
combining upfront CN with interferon therapy, compared with interferon alone [2]. In the
TKI era the pivotal CARMENA and SURTIME trials investigated the traditional approach
of upfront CN followed by systemic therapy. CARMENA’s findings suggest that sunitinib
alone might be superior to the combination of CN followed by sunitinib, challenging the
necessity of CN in all mRCC cases. SURTIME explored the timing of CN, suggesting
potential benefits of deferred CN after systemic therapy in certain patient subsets [6,7], and
this finding has challenged the paradigm of CN [4].

We evaluated the impact of CN, or no CN, followed by first-line targeted therapy in a
nationwide cohort of consecutive patients over a two-year period and with a minimum of
five years of follow-up.

2. Methods
2.1. Patient Population

The target group in this study were RCC stage IV patients registered in the Danish
Renal Cancer Database (DaRenCa) between 1 January 2014 and 31 December 2016, with a
follow-up of a minimum of 5 years. Metastasis was defined as local or distant metastases
evident at least 120 days within initial diagnosis. Data were collected from national
registries supplemented with information extracted manually from individual patient
medical records. Registries included DaRenCa [5], the Civil Registration System (CRS) [8],
The National Patient Register (NPR) [9], The Danish Pathology Register (DPR) [10], The
Danish Cancer Register (DCR) [11], and The Danish Causes of Death Register [12].

2.2. Exposure of Interest

In this study, symptoms present at the time of diagnosis, Body Mass Index (BMI), hy-
pertension, surgical margin, primary metastatic disease, multidisciplinary team conference
(MDT) involvement, time from initial diagnosis to metastasis, and treatment of metastatic
RCC (mRCC) were exposures of interest for overall and cancer-specific death.

2.3. Research Variables

The following variables were obtained from patient medical records: age, gender, BMI,
the presence of symptoms at the time of diagnosis, smoking status, hypertension and medi-
cation for hypertension, the Eastern Cooperative Oncology Group (ECOG) Performance
status. Data were categorized as 0, 1–2, or 3–4. Categorization into International Metastatic
Renal Cell Carcinoma Database Consortium (IMDC) risk groups was allocated.

2.4. Clinical Characteristics

Patients were characterized based on tumor histological subtypes (clear cell RCC
(ccRCC) and non-clear cell RCC (non-ccRCC)) and T-stage (T-stage was assigned according
to 2009 TNM classification) for analysis.

2.5. Treatment

Information about whether the patient had been discussed at an MDT conference
before surgery was found in medical journals. The type of surgery was categorized as “open
radical nephrectomy”, “laparoscopic radical nephrectomy”, “open partial nephrectomy”,
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“laparoscopic partial nephrectomy”, “ablation therapy”, or “no surgery”. The surgical
margin was defined as positive when the tumor margin was not resected radically; coded
in the analysis as “positive”, “negative”, or “no surgery”. Information about CN (yes/no)
and lymphadenectomy (yes/no) was found in medical records or in the DPR.

Criteria for performing CN were based on the following criteria: CN was technically
feasible based on CT assessment; the patient had a performance status of 0 or 1; the patient
was clinically stable; there was no comorbidity of major clinical impact.

2.6. Outcomes

Events of interest were death (any cause or death due to RCC). Information about
death was ascertained through the CRS and the Causes of Death Registry. Information
about metastasis was obtained through medical records and computerized tomography
(CT) scan reports.

2.7. Follow Up

Patients’ risk time was defined from diagnosis until an event of interest, or last follow-
up until December 2021. Data collection was performed between May 2020 and December
2021. The Danish Patient Safety Authority granted permission to extract information
from the medical records of patients involved in the study, as per Danish legislation (3-
3013-2902/1), and the data were stored according to the Danish Data Protection Agency
(REG-041-2021).

2.8. Statistical Methods

Analyses were performed separately for ccRCC and non-ccRCC. Descriptive statistics,
including frequencies for categorical variables and median and interquartile range (IQR)
for continuous variables, are presented in Table 1. Multiple imputations were used to
impute missing values for all variables included in the models. Data were imputed 50 times
and Rubin’s Rule was used to combine the results from the 50 imputed models. Kaplan–
Meier curves were estimated for all categorical variables. Cox proportional hazards (PH)
regression was used to estimate the hazard ratio (HR) of overall death and cancer-specific
death after one year and three years. The adjustment was performed stepwise. First,
univariate models were performed for all exposures, followed by model 1 with adjustment
for clinical characteristics (age, gender, Leibovich score and sarcomatoid differentiation). In
model 2, adjustment for health-related patient characteristics was added to the previous
model (model 1 + adjusted for smoking, hypertension, performance status, and decision
taken by MDT). Analysis of surgical margin as the main exposure and the type of surgery
(radical vs. partial nephrectomy) were included in both models.

Table 1. Patients’ baseline clinical characteristics undergoing metastatic renal cancer.

Characteristics N = 437
CN Alone TT Alone CN + TT No-

Treatment p Value
34 (7.78%) 160 (36.61%) 176 (40.27%) 67 (15.33%)

Age, median (IQR) 66 (14) 68 (13) 66 (12) 64 (14) 71 (13) <0.001
Female gender, n (%) 147 (34%) 11 (32%) 55 (34%) 60 (34%) 21 (31%) 0.971
BMI, median (IQR) 25 (6) 25 (5) 26(7) 25 (5) 24(5) 0.793

NA * 30 <5 12 <5 14
Symptoms, n (%)

Hematuria 90 (21%) 11 (28%) 30 (18%) 41 (25%) 8 (13%) 0.070
Pain 115 (27%) 14 (36%) 41 (25%) 43 (27%) 17 (27%) 0.234
Weight loss 129 (30%) 7 (18%) 52 (32%) 47 (29%) 23 (37%) 0.334
Other 92 (22%) 7 (18%) 40 (25%) 30 (19%) 15 (23%) 0.351

Smoking, n (%)
Currently 125 (29%) 10 (29%) 41 (26%) 49 (28%) 25 (37%)

0.738Previously 160 (37%) 12 (35%) 59 (37%) 69 (39%) 20 (30%)
Never 126 (29%) <15 41 (26%) <65 <25
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Table 1. Cont.

Characteristics N = 437
CN Alone TT Alone CN + TT No-

Treatment p Value
34 (7.78%) 160 (36.61%) 176 (40.27%) 67 (15.33%)

NA * 26 (6%) <5 19 (12%) <5 <5
Hypertension

Yes 243 (56%) 19 (56%) 85 (53%) 94 (53%) 45 (67%)
0.188No 183 (42%) <20 <75 77 (44%) <25

NA * 11 (3%) <5 <5 5 (3%) <5
ASA Score, n (%) 0.014

1 49 (11%) <5 19 (12%) 26 (15%) <5
2 224 (51%) 20 (59%) 75 (47%) 103 (59%) 26 (39%)
≥3 117 (27%) 10 (29%) 39 (24%) 41 (23%) 27 (40%)
NA * 47 (11%) <5 27 6 (3%) <15

Performance Status, n (%)
0 152 (35%) 11 (32%) 45 (28%) 91 (52%) 5 (7%)

<0.0011 178 (41%) 13 (38%) 76 (48%) 73 (41%) 16 (24%)
≥2 <105 <10 <40 <15 <45
NA * <10 <5 <5 <5 <5

Decision taken in MDT, n (%) 290 (66%) 21 (62%) 111 (69%) 122 (69%) 36 (54%) 0.092
Subtype of RCC

ccRCC 357 (82%) 25 (74%) 112 (70%) 165 (94%) 55 (82%)
<0.001Non-ccRCC <80 <10 <50 <15 <15

NA * <5 <5 <5 <5 <5
T-stage, n (%) 0.027

Tx
T1 64 (15%) 5 (15%) 30 (19%) 16 (9%) 13 (19%)
T2 49 (11%) <5 16 (10%) <30 5 (7%)
T3 230 (53%) 20 (59%) 67 (42%) 108 (61%) 35 (52%)
T4 66 (15%) 6 (18%) 28 (18%) 24 (14%) 8 (12%)
NA * 28 (6%) <5 19 (12%) <5 6 (9%)

Fuhrman grade, n (%)
Non-ccRCC 78 (18%) 8 (24%) 47 (29%) 11 (6%) 12 (18%)
I–II 78 (18%) <10 30 (19%) <30 15 (22%)

<0.001III–IV 220 (50%) 20 (59%) 42 (26%) 135 (77%) 23 (34%)
NA * 61 (14%) <5 41 (26%) <5 17 (25%)

Necrosis, n (%) 247 (57%) 21 (62%) 55 (34%) 148 (84%) 23 (34%) <0.001
N stage, n (%)

Nx
N0 258 (59%) 24 (71%) 83 (52%) 114 (65%) 37 (55%)

0.045N1 179 (41%) 10 (29%) 77 (48%) 62 (35%) 30 (45%)
IMDC, n (%) <0.001

Favorable 9 (2%) <5 <5 7 (4%) <5
Intermediate 165 (38%) <5 <70 91 (52%) <10
Poor 192 (44%) 13 (38%) 85 (53%) 69 (39%) 25 (37%)
NA * 71 (16%) 21 (62%) 6 (4%) 9 (5%) 35 (52%)

Sarcomatoid, n (%) 86 (20%) 14 (41%) 18 (11%) 49 (28%) 5 (7%) <0.001
Tumor size, mean (SD) 90 (39) 89 (41) 86 (42) 95 (37) 85 (38) 0.025

NA * 26 <5 16 <5 8
Type of surgery, n (%)

None 190 (43%) <5 <135 <5 <60
<0.001Laparoscopy 110 (25%) 13 (38%) 10 (6%) 81 (46%) 6 (9%)

Open 127 (29%) 19 (56%) 14 (9%) 89 (51%) 5 (7%)
NA * 10 (2%) <5 <5 <10 <5

Metastasis sites, n (%)
Lung 293 (67%) 19 (56%) 99 (62%) 132 (75%) 43 (64%) 0.027
Liver 85 (19%) 7 (21%) 34 (21%) 32 (18%) 12 (18%) 0.887
Bone 187 (43%) 10 (29%) 80 (50%) 72 (41%) 25 (37%) 0.073
Brain 43 (10%) <5 13 (8%) 24 (14%) <5 0.163
Other 173 (40%) 13 (38%) 64 (40%) 71 (40%) 25 (37%) 0.974

* NA = missing data.
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3. Results
3.1. Patient Characteristics and Outcomes

Data for 437 patients with primary mRCC were collected from the DaRenCa database
between the 1st of January 2014 and the 31st of December 2016. Out of 437 patients, 176
(40%) underwent CN followed by targeted therapy (TT), 160 (37%) received TT alone, 34
(8%) patients had CN followed by observation, and 67 (15%) had no treatment (pallia-
tive therapy). For the 336 patients involved in our study, the TT agents employed across
diverse treatment sequences were categorized as follows: Sunitinib: 83 cases, 24%, Pa-
zopanib: 195 cases, 58%, Sorafenib: 3 cases, 0.8%, Temsirolimus: 11 cases, 3%, Interleukin-
2/Interferon: 13 cases, 3.8%, Bevacizumab: 1 case, 0.2%, Atezolizumab/Bevacizumab:
16 cases, 4.5%, Pembrolizumab: 9 cases, 2.3%, Ipilimumab/Nivolumab: 5 cases, 1.4%,
Nivolumab: 2 cases, 0.5%, Cabozantinib: 1 case, 0.2%, Axitinib: 2, cases, 0.5%, others:
3 cases, 0.8%.

The median time from CT to TT was 30 days (IQR: 21–44 days).
The study included 34% female patients and 66% male patients. For patients receiving

CN alone, TT alone, CN + TT, or no therapy, the mean BMI was 25, 26, 26 and 25, respectively
(Table 1). On average, pain and weight loss were the most prevailing symptoms. The most
common histology was ccRCC (82%). The most frequent sites of metastasis were lungs,
followed by bone, liver, and brain. The baseline characteristics of patients included in the
study are shown in Table 1.

3.2. Results of Univariate and Multivariable Analysis

The median OS for all patients was 13.9 months. The median OS for patients with CN
alone was 30.5, for patients with CN followed by TT 23.0 months, for patients with TT alone
11.9 months, and for patients without treatment 2.8 months. Based on the IMDC score
levels, the median OS for patients with favorable/intermediate scores was 21.2 months and
for patients with a poor score was 9.7 months.

Multivariable analysis showed patients undergoing CN + TT had improved OS with
HR 0.66 (95% CI: 0.34–1.28), compared to TT only (HR 1.24), and no-treatment (HR 4.71),
with CN-only followed by observation as a reference (Supplementary Table S1).

After multivariable adjustment in the final model 2, and excluding patients that did
not receive any treatment, patients who received TT had poorer OS HR 2.57 (1.44–4.58)
than patients who underwent CN plus TT HR 1.62 (0.90–2.93) (Table 2). The number of sites
with metastasis (liver, brain, or bone) did not reach statistical significance: 1 site, 0 sites HR
0.82 (0.62–1.09), 2 sites HR 0.86 (0.56–1.30), 3 sites HR 2.08 (0.32–13.66) (Table 2). Mortality
was only affected by the IMDC classification, where patients in the intermediate/favorable
risk group compared to the poor risk group had significantly improved survival; HR 0.56
(0.41–0.77) (Table 2).

Table 2. Multivariable adjusted 3-year mortality hazard ratios (HRs) with corresponding 95% con-
fidence intervals (CIs) for risk of death among patients diagnosed with metastatic renal cancer in
Denmark 2014–2016.

Exposures MODEL 1 A MODEL 2 B

HR (95% CI) HR (95% CI)

Age
Age ≤ 70 1 1
Age > 70 1.05 (0.81–1.35) 1.01 (0.77–1.33)

Treatment
CN only 1 1
TT only 2.66 (1.50–4.72) 2.57 (1.44–4.58)

CN plus TT 1.72 (0.96–3.08) 1.62 (0.90–2.93)
No treatment 5.96 (3.10–11.45) 5.94 (3.06–11.52)

IMDC
Poor 1 1
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Table 2. Cont.

Exposures MODEL 1 A MODEL 2 B

HR (95% CI) HR (95% CI)

Intermediate or favorable 0.56 (0.42–0.76) 0.56 (0.41–0.77)
Symptoms

No 1 1
Yes 0.99 (0.76–1.29) 0.97 (0.73–1.28)

Tumor size
Tumor < 100 mm 1 1
Tumor ≥ 100 mm 1.35 (1.05–1.75) 1.35 (1.04–1.76)

Gender
Male 1 1

Female 1.14 (0.89–1.46) 1.15 (0.89–1.48)
Liver + brain + bone sites

1 1 1
2 0.87 (0.58–1.31) 0.86 (0.56–1.30)
3 2.10 (0.34–13.05) 2.08 (0.32–13.66)
0 0.82 (0.62–1.08) 0.82 (0.62–1.09)

A Model 1: Adjusted for age, gender, tumor stage, tumor size, Fuhrman grade, necrosis status and sarcomatoid.
B Model 2: Model 1 + adjusted for BMI, symptoms, smoking, hypertension, ASA score and the decision made
in MDT.

The overall survival probability was improved in patients who received CN followed
by TT to those who received CN alone, TT alone or no treatment; this was apparent in both
the IMDC favorable/intermediate risk group and the IMDC poor risk group (Figure 1).
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Figure 1. Representing the Kaplan–Meier curve showing the overall survival probability in patients
receiving different treatments accounting for the IMDC risk in the final analysis.

4. Discussion

The present study, a nationwide consecutive cohort of patients, showed that patients
with synchronous mRCC undergoing CN plus TT had improved survival. Criteria for
performing CN were discussed at an MDT conference and based on the following criteria:
CN was technically feasible based on CT assessment; the patient had a performance status
of 0 or 1; the patient was clinically stable; there was no comorbidity of major clinical impact.

Improved OS with CN + TT was seen irrespective of the presence of brain, liver, or
bone metastases, and irrespective of IMDC risk classification, despite IMDC risk being the
only factor associated with impaired OS in our analysis. Thus, CN may still serve as an
effective surgical intervention in carefully selected patients.

This study’s findings reveal a noteworthy trend in patient outcomes based on the
treatment modalities employed. Patients who were treated exclusively with TT exhibited
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a reduction in OS when compared to those who underwent a combination of CN and
TT. It is important to note, however, that this observed difference in survival rates did
not reach statistical significance. This suggests that other factors, potentially external to
the treatment modalities themselves, might have influenced these outcomes. A critical
aspect that merits consideration is the varying degrees of disease progression among the
patient groups. Specifically, the group receiving only TT might have had more advanced
stages of the disease, which could contribute to their lower survival rates. This observation
underscores the vital importance of patient selection in clinical treatment planning. It also
highlights the indispensable role of an MDT in the treatment of such complex cases.

The CARMENA trial [6] included less than one patient per year per participation
center; therefore, despite being a randomized trial, the results are subject to selection
bias. This study presents real-world data from unselected patients and demonstrates
a statistically significant and clinically relevant improved OS in all IMDC risk groups,
irrespective of metastatic location, employing simple and strict clinical selection criteria
utilized in the MDT setting. However, we acknowledge the weaker retrospective design in
our study.

For 20 years, there have been signs trending towards CN benefiting patients in terms
of improved overall survival in patients with primary mRCC. This was reported in the
combined analysis of CN plus interferon compared with interferon alone in the cytokine
era [13]. In the targeted therapy era, repeated notions regarding the positive association
between CN and improved survival have been published, both in ccRCC as well as in
non-cc RCC [14–22]; our data are in agreement with these findings. Additionally, in
the checkpoint immunotherapy era, the potential benefits of performing CN in patients
with primary mRCC have been reported. Importantly, a lower objective response rate,
especially a lower complete response rate, as well as a shorter OS in patients without
CN, was noted in the post hoc analysis in patients with an evaluable primary renal tumor
in the CheckMate 214 trial [23]. Furthermore, there is a consensus that synchronous
mRCC (i.e., primary metastatic RCC) compared with metachronous mRCC is associated
with poorer outcomes following systemic therapy [3]. Thus, our data in an unselected
nationwide consecutive cohort of patients supported CN being considered as part of the
multidisciplinary agenda. Within recent years, the treatment paradigm has shifted towards
IO-IO or a TKI-IO combination treatment for all patients with primary metastatic RCC [24].
This necessitates new studies evaluating the effect of CN in primary metastatic RCC patients
treated with contemporary IO-based therapy. There are currently two ongoing trials, the
NORDIC-SUN trial (NCT03977571) and the PROBE trial (NCT04510597). Both studies are
evaluating the deferred approach of CN in cohorts of primary metastatic RCC treated with
IO-based combinations. Furthermore, the NORDIC-SUN trial carries a comprehensive
translational research program with microbiome, tissue and blood sampling for biomarker
analysis and future personalized management [25].

The strengths of the study include it being a multicenter study with the inclusion of
stage IV patients in Denmark between 2014 and 2016. Due to the use of registry data, we
had full follow-up on all patients included. Use of registries and extraction from medical
records enabled data on multiple key variables. Application of multiple imputations
with a high number of imputations allowed efficient use of the cohort. Limitations were
the retrospective design, no adjustment for socioeconomic position, and comparatively
fewer patients with non-ccRCC, resulting in a risk of over-adjustment. Further, a new
immune treatment was introduced in 2015, which may bias results, even though a rather
small proportion of the study population received this treatment. Another limitation to be
addressed is the potential for selection bias and misclassification in the CN-alone group. It
is plausible that some patients initially categorized as having metastatic lesions may have
actually had non-metastatic renal cell carcinoma (RCC). This potential bias will emphasize
the necessity for cautious interpretation of the results within the CN-alone group.
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5. Conclusions

In this nationwide study of patients with primary mRCC, CN was associated with im-
proved outcomes for carefully selected patients. Further randomized trials are warranted.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers16061132/s1, Table S1: Multivariable adjusted 1-year
mortality hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) for risk of death
among patients diagnosed with metastatic renal cancer in Denmark 2014–2016.

Author Contributions: N.A.: Conceptualization, data curation, formal analysis, methodology,
writing—original draft, writing—review and editing. L.G.: Data curation, writing—review and
editing. N.N.: Data curation, writing—review and editing. K.S.S.M.: Data curation, writing—review
and editing. S.S.A.: Data curation, writing—review and editing. J.C.: Data curation, formal analysis,
methodology, writing—review and editing. N.V.J.: Conceptualization, methodology, supervision,
writing—review and editing. N.F.: Conceptualization, methodology, supervision, writing—review
and editing. S.O.D.: Conceptualization, supervision, writing—original draft, writing—review and
editing. F.D.: Conceptualization, methodology, supervision, writing—review and editing. L.L.:
Conceptualization, methodology, supervision, writing—review and editing. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Permission was granted by the Danish Patient Safety Au-
thority to extract information from the medical records of patients in the study, in line with Danish
legislation (Reference: 3-3013-2902/1). The need for individual patient consent was waived due to the
retrospective nature of the study, ensuring all patient data were anonymized and confidentiality was
maintained. The study was approved by the Danish Patient Safety Authority, Committee reference
number: 3-3013-2902/1 at 19 March 2019. The research was conducted in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its later amendments.

Informed Consent Statement: Patients consent was waived due to the retrospective nature of the
study by the Danish Patient Safety Authority, Committee reference number: 3-3013-2902/1 at 19
March 2019.

Data Availability Statement: All data relevant to this study are contained within the manuscript. No
additional data beyond that presented in the manuscript can be provided.

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

Data Protection: All data were stored and managed in compliance with the guidelines and require-
ments of the Danish Data Protection Agency (Registration Number: REG-041-2021).

References
1. Heravi, G.; Yazdanpanah, O.; Podgorski, I.; Matherly, L.H.; Liu, W. Lipid metabolism reprogramming in renal cell carcinoma.

Cancer Metastasis Rev. 2022, 41, 17–31. [CrossRef] [PubMed]
2. Cancer Statistics Review, 1975-2014—SEER Statistics. Available online: https://seer.cancer.gov/archive/csr/1975_2014/ (ac-

cessed on 8 August 2022).
3. Donskov, F.; Xie, W.; Overby, A.; Wells, J.C.; Fraccon, A.P.; Sacco, C.S.; Porta, C.; Stukalin, I.; Lee, J.-L.; Koutsoukos, K.; et al.

Synchronous Versus Metachronous Metastatic Disease: Impact of Time to Metastasis on Patient Outcome-Results from the
International Metastatic Renal Cell Carcinoma Database Consortium. Eur. Urol. Oncol. 2020, 3, 530–539. [CrossRef]

4. Kuusk, T.; Szabados, B.; Liu, W.K.; Powles, T.; Bex, A. Cytoreductive nephrectomy in the current treatment algorithm. Ther. Adv.
Med. Oncol. 2019, 11, 1758835919879026. [CrossRef]

5. Petersen, A.C.; Søgaard, M.; Mehnert, F.; Larsen, E.H.; Donskov, F.; Azawi, N.H.; Kromann-Andersen, B. The database of the
Danish Renal Cancer Group. Clin. Epidemiol. 2016, 8, 725–729. [CrossRef]

6. Méjean, 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] [PubMed]

7. Napolitano, L.; Manfredi, C.; Cirillo, L.; Fusco, G.M.; Passaro, F.; Abate, M.; La Rocca, R.; Mastrangelo, F.; Spirito, L.; Pandolfo,
S.D.; et al. Cytoreductive Nephrectomy and Metastatic Renal Cell Carcinoma: State of the Art and Future Perspectives. Medicina
2023, 59, 767. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers16061132/s1
https://www.mdpi.com/article/10.3390/cancers16061132/s1
https://doi.org/10.1007/s10555-021-09996-w
https://www.ncbi.nlm.nih.gov/pubmed/34741716
https://seer.cancer.gov/archive/csr/1975_2014/
https://doi.org/10.1016/j.euo.2020.01.001
https://doi.org/10.1177/1758835919879026
https://doi.org/10.2147/CLEP.S106042
https://doi.org/10.1056/NEJMoa1803675
https://www.ncbi.nlm.nih.gov/pubmed/29860937
https://doi.org/10.3390/medicina59040767


Cancers 2024, 16, 1132 9 of 9

8. Schmidt, M.; Pedersen, L.; Sørensen, H.T. The Danish Civil Registration System as a tool in epidemiology. Eur. J. Epidemiol. 2014,
29, 541–549. [CrossRef] [PubMed]

9. Schmidt, M.; Schmidt, S.A.J.; Sandegaard, J.L.; Ehrenstein, V.; Pedersen, L.; Sørensen, H.T. The Danish National Patient Registry:
A review of content, data quality, and research potential. Clin. Epidemiol. 2015, 7, 449–490. [CrossRef]

10. Erichsen, R.; Lash, T.L.; Hamilton-Dutoit, S.J.; Bjerregaard, B.; Vyberg, M.; Pedersen, L. Existing data sources for clinical
epidemiology: The Danish National Pathology Registry and Data Bank. Clin. Epidemiol. 2010, 2, 51–56. [CrossRef]

11. Gjerstorff, M.L. The Danish Cancer Registry. Scand. J. Public Health 2011, 39, 42–45. [CrossRef]
12. Helweg-Larsen, K. The Danish Register of Causes of Death. Scand. J. Public Health 2011, 39, 26–29. [CrossRef] [PubMed]
13. Flanigan, R.C.; Mickisch, G.; Sylvester, R.; Tangen, C.; Van Poppel, H.; Crawford, E.D. Cytoreductive nephrectomy in patients

with metastatic renal cancer: A combined analysis. J. Urol. 2004, 171, 1071–1076. [CrossRef] [PubMed]
14. Choueiri, T.K.; Xie, W.; Kollmannsberger, C.; North, S.; Knox, J.J.; Lampard, J.G.; McDermott, D.F.; Rini, B.I.; Heng, D.Y.C. The

impact of cytoreductive nephrectomy on survival of patients with metastatic renal cell carcinoma receiving vascular endothelial
growth factor targeted therapy. J. Urol. 2011, 185, 60–66. [CrossRef] [PubMed]

15. Heng, D.Y.C.; Wells, J.C.; Rini, B.I.; Beuselinck, B.; Lee, J.-L.; Knox, J.J.; Bjarnason, G.A.; Pal, S.K.; Kollmannsberger, C.K.; Yuasa,
T.; et al. Cytoreductive nephrectomy in patients with synchronous metastases from renal cell carcinoma: Results from the
International Metastatic Renal Cell Carcinoma Database Consortium. Eur. Urol. 2014, 66, 704–710. [CrossRef] [PubMed]

16. Pindoria, N.; Raison, N.; Blecher, G.; Catterwell, R.; Dasgupta, P. Cytoreductive nephrectomy in the era of targeted therapies: A
review. BJU Int. 2017, 120, 320–328. [CrossRef]

17. Hanna, N.; Sun, M.; Meyer, C.P.; Nguyen, P.L.; Pal, S.K.; Chang, S.L.; de Velasco, G.; Trinh, Q.-D.; Choueiri, T.K. Survival Analyses
of Patients with Metastatic Renal Cancer Treated with Targeted Therapy with or without Cytoreductive Nephrectomy: A National
Cancer Data Base Study. J. Clin. Oncol. 2016, 34, 3267–3275. [CrossRef]

18. Ljungberg, B.; Sundqvist, P.; Lindblad, P.; Kjellman, A.; Thorstenson, A.; Hellström, M.; Kröger Dahlin, B.-I.; Thomasson, M.;
Harmenberg, U.; Lundstam, S. Survival advantage of upfront cytoreductive nephrectomy in patients with primary metastatic
renal cell carcinoma compared with systemic and palliative treatments in a real-world setting. Scand. J. Urol. 2020, 54, 487–492.
[CrossRef] [PubMed]

19. Conti, S.L.; Thomas, I.-C.; Hagedorn, J.C.; Chung, B.I.; Chertow, G.M.; Wagner, T.H.; Brooks, J.D.; Srinivas, S.; Leppert, J.T.
Utilization of Cytoreductive Nephrectomy and Patient Survival in the Targeted Therapy Era. Int. J. Cancer 2014, 134, 2245–2252.
[CrossRef]

20. Bamias, A.; Tzannis, K.; Papatsoris, A.; Oudard, S.; Beuselinck, B.; Escudier, B.; Liontos, M.; Elaidi, T.-R.; Chrisofos, M.;
Stravodimos, K.; et al. Prognostic Significance of Cytoreductive Nephrectomy in Patients with Synchronous Metastases From
Renal Cell Carcinoma Treated with First-Line Sunitinib: A European Multiinstitutional Study. Clin. Genitourin. Cancer 2014, 12,
373–383. [CrossRef]

21. Graham, J.; Wells, J.C.; Donskov, F.; Lee, J.L.; Fraccon, A.; Pasini, F.; Porta, C.; Bowman, I.A.; Bjarnason, G.A.; Ernst, D.S.; et al.
Cytoreductive Nephrectomy in Metastatic Papillary Renal Cell Carcinoma: Results from the International Metastatic Renal Cell
Carcinoma Database Consortium. Eur. Urol. Oncol. 2019, 2, 643–648. [CrossRef]

22. Marchioni, M.; Bandini, M.; Preisser, F.; Tian, Z.; Kapoor, A.; Cindolo, L.; Primiceri, G.; Berardinelli, F.; Briganti, A.; Shariat, S.F.;
et al. Survival after Cytoreductive Nephrectomy in Metastatic Non-clear Cell Renal Cell Carcinoma Patients: A Population-based
Study. Eur. Urol. Focus 2019, 5, 488–496. [CrossRef]

23. Albiges, L.; Tannir, N.M.; Burotto, M.; McDermott, D.; Plimack, E.R.; Barthélémy, P.; Porta, C.; Powles, T.; Donskov, F.; George, S.;
et al. First-line Nivolumab plus Ipilimumab Versus Sunitinib in Patients without Nephrectomy and with an Evaluable Primary
Renal Tumor in the CheckMate 214 Trial. Eur. Urol. 2022, 81, 266–271. [CrossRef] [PubMed]

24. Powles, T.; Albiges, L.; Bex, A.; Grünwald, V.; Porta, C.; Procopio, G.; Schmidinger, M.; Suárez, C.; de Velasco, G.; ESMO
Guidelines Committee. Electronic address: Clinicalguidelines@esmo.org ESMO Clinical Practice Guideline update on the use of
immunotherapy in early stage and advanced renal cell carcinoma. Ann. Oncol. 2021, 32, 1511–1519. [CrossRef] [PubMed]

25. Iisager, L.; Ahrenfeldt, J.; Donskov, F.; Ljungberg, B.; Bex, A.; Lund, L.; Lyskjær, I.; Fristrup, N. Multicenter randomized trial
of deferred cytoreductive nephrectomy in synchronous metastatic renal cell carcinoma receiving checkpoint inhibitors: The
NORDIC-SUN-Trial. BMC Cancer 2024, 24, 260. [CrossRef] [PubMed]

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/10.1007/s10654-014-9930-3
https://www.ncbi.nlm.nih.gov/pubmed/24965263
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.2147/CLEP.S9908
https://doi.org/10.1177/1403494810393562
https://doi.org/10.1177/1403494811399958
https://www.ncbi.nlm.nih.gov/pubmed/21775346
https://doi.org/10.1097/01.ju.0000110610.61545.ae
https://www.ncbi.nlm.nih.gov/pubmed/14767273
https://doi.org/10.1016/j.juro.2010.09.012
https://www.ncbi.nlm.nih.gov/pubmed/21074201
https://doi.org/10.1016/j.eururo.2014.05.034
https://www.ncbi.nlm.nih.gov/pubmed/24931622
https://doi.org/10.1111/bju.13860
https://doi.org/10.1200/JCO.2016.66.7931
https://doi.org/10.1080/21681805.2020.1815833
https://www.ncbi.nlm.nih.gov/pubmed/32897123
https://doi.org/10.1002/ijc.28553
https://doi.org/10.1016/j.clgc.2014.03.012
https://doi.org/10.1016/j.euo.2019.03.007
https://doi.org/10.1016/j.euf.2017.11.012
https://doi.org/10.1016/j.eururo.2021.10.001
https://www.ncbi.nlm.nih.gov/pubmed/34750035
https://doi.org/10.1016/j.annonc.2021.09.014
https://www.ncbi.nlm.nih.gov/pubmed/34597799
https://doi.org/10.1186/s12885-024-11987-3
https://www.ncbi.nlm.nih.gov/pubmed/38402173

	Background 
	Methods 
	Patient Population 
	Exposure of Interest 
	Research Variables 
	Clinical Characteristics 
	Treatment 
	Outcomes 
	Follow Up 
	Statistical Methods 

	Results 
	Patient Characteristics and Outcomes 
	Results of Univariate and Multivariable Analysis 

	Discussion 
	Conclusions 
	References

