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Purpose: In Norway, 5-year survival rates of patients with renal cell carcinoma (RCC) are increasing. The objective of this study was 
to describe the survival of real-world patients with metastatic RCC (mRCC) across Norway and to identify associated factors. The 
results may provide additional information on the benefits of tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors 
(ICIs) in clinical practice.
Patients and Methods: We performed a longitudinal, retrospective, non-interventional cohort study using data from four national 
registries. The study included adults diagnosed with mRCC between 1 January 1995 and 31 December 2018. Primary endpoint was to 
evaluate overall survival (OS) in all included patients. Secondary endpoints included further analysis of treatment patterns and possible 
impact on OS. Secondary endpoint analysis was performed in patients diagnosed with mRCC between 1 January 2008 and 
31 December 2018, as complete data on systemic therapies were available from 2008 and onwards.
Results: In total, 4078 patients were diagnosed with mRCC in the period from 1995 to 2018. The median OS since initial mRCC 
diagnosis was 1.17 years. OS appeared to improve over time, 5-year OS was 10% in patients diagnosed in the period 1995–2001 
compared to 25% in 2012–2015. The secondary analysis included 2338 patients. Fifty-five percent (55%) of the patients received 
systemic treatment. No differences were observed in the number of treatment lines administered over time or in the number of lines of 
treatment administered according to tumor histology. Among 343 patients who received ≥3 treatment lines, we observed longer OS in 
patients who received an ICI as a part of their treatment, with a median OS of 4.51 compared to 2.31 years.
Conclusion: Provision of information into registries is mandatory in Norway. This retrospective, registry-based study provides real- 
world evidence on patient outcomes and treatments of the Norwegian patients with mRCC in the period from 1995 to 2018.
Keywords: real-world data, immunotherapy, molecular targeted therapy, Norway, renal cell carcinoma

Introduction
In 2022, more than 400,000 new cases of kidney cancer were reported worldwide.1 In Norway, incidence rates are rising, 
with 678 men and 280 women diagnosed in 2023. However, 5-year survival rates are increasing (80.2% and 82.5% in 
2019–2023 versus 46.8% and 53% in 1994–1998 for males and females, respectively), likely due to improvements in 
diagnostic techniques, earlier detection and better available treatments.2
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In metastatic renal cell carcinoma (mRCC), the introduction of modern systemic therapies (ie, tyrosine kinase 
inhibitors [TKIs] and immune checkpoint inhibitors [ICIs]) has improved patient outcomes during the last two decades. 
In the first trial comparing the effect of TKI sunitinib versus interferon alpha, reported in 2007, sunitinib demonstrated 
improved outcomes in the first-line treatment.3 Similar improvements have later also been observed in trials investigating 
other TKIs, such as pazopanib, axitinib, and sorafenib, and later cabozantinib, lenvatinib and tivozanib.4–9 Mammalian 
target of rapamycin (mTOR) inhibitors temsirolimus and everolimus showed superior effects in patients with poor 
prognosis and in patients previously treated with TKI sunitinib.10,11 However, later trials have shown superior effect of 
checkpoint inhibitor nivolumab and TKI cabozantinib over mTOR inhibitor everolimus.12,13

The immunomodulatory properties of antiangiogenic agents provide a scientific rationale for a synergistic effect 
between TKIs and ICIs, and data from five phase 3 trials, combining checkpoint inhibitors pembrolizumab, nivolumab or 
avelumab with TKIs axitinib, cabozantinib or lenvatinib, have shown superior clinical outcomes with this approach.14–20 

Additionally, PD-1 and CTLA-4 immunotherapy combination, nivolumab and ipilimumab, have shown superior effect to 
TKI monotherapy, thereby positioning ICI-CTLA-4 and TKI-ICI combinations as the new first-line standard of care from 
2018 and onwards.21,22

Randomized clinical trials are often criticized for their rigorous inclusion criteria, and the survival benefits seen in 
TKIs and ICIs trials may not reflect benefits seen in patients treated in daily clinical practice.23 Thus, real-world data may 
provide relevant insights into outcomes and treatment use in patients with mRCC.24–27

Our study, the Renal Comparison Study in Norway 3 (RECON3) is a retrospective, non-interventional study, based on 
the data from four Norwegian national registries. The study objectives were to evaluate survival improvements of the 
Norwegian mRCC patients in the period from 1995 to 2018 and to describe targeted treatment patterns and the 
influencing factors in the period from 2008 to 2018. This study is an update to the previously reported RECON 
trial.26 RECON3 study results may provide additional real-world evidence supporting the effect of TKIs and ICIs 
observed in randomized clinical trials.

Materials and Methods
Study Design and Patients
This study was a longitudinal, retrospective, non-interventional cohort study based on pseudonymized patient-level data 
extracted from four national patient registries in Norway. The national registries are established by health authorities and 
provision of the information is mandatory. The registries have estimated 99% coverage of the whole population and 
contain validated high-quality data.28

The study included adult patients diagnosed with RCC (ICD10 code C64) between 1 January 1995 and 
31 December 2018, identified using the Cancer Registry of Norway (CRN), which also includes death records. Patient 
data from the CRN were linked with longitudinal data from the Norwegian Prescription Database (NorPD), the 
Norwegian Patient Register (NPR), and the Norwegian Primary Care Register (KUHR). The NorPD documents all 
drugs dispensed at pharmacies nationwide from 1 January 2004 onwards. The NPR records details of all hospital visits 
from 1 January 2008 onwards, including inpatient drug administration, and KUHR collects data on patients treated in 
primary care from 1 January 2006 onwards, including diagnoses and procedures.

A diagnosis of mRCC was defined according to the criteria provided in Box 1. Data collected from the registries 
included patient demographics and characteristics, gender, date of birth, age at diagnosis and date of death. Comorbidities 
were recorded, and comorbidity load was determined using the Charlson comorbidity index (CCI). Data on tumor 
characteristics, and surgical treatment were also collected, including year of diagnosis, histological subtype, and type of 
primary tumor surgery. Further on, data included complete information on systemic treatments from 2008 and onwards, 
defined as dispensation of medications with the Anatomical Therapeutic Classification (ATC) code L01XE04 (sunitinib), 
L01XE05 (sorafenib), L01XE09 (temsirolimus), L01XE10 (everolimus), L01XE11 (pazopanib), L01XE17 (axitinib), 
L01XE26 (cabozantinib), L01XE29 (lenvatinib), L01XC07 (bevacizumab), L01XC11 (ipilimumab), L01XC17 (nivolu-
mab), and L01XC34 (tivozanib).
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All included patients were followed from the date of diagnosis until death or up to 30 June 2019, which allowed 
a minimum of 6 months follow-up.

Study Endpoints
The primary study endpoint was to describe OS in all patients with mRCC diagnosis between 1 January 1995 and 
31 December 2018 and according to patient, disease and treatment characteristics and the year of diagnosis.

The secondary endpoints included further analysis of treatment patterns, the use, duration and sequencing of systemic 
targeted therapies and their potential impact on OS. As complete data on systemic therapies are only available in the 
registries from 2008 and onwards, analysis related to the use of these were performed on patients diagnosed with mRCC 
between 1 January 2008 and 31 December 2018.

A standardized window of 3 years before and 3 months after the date of mRCC diagnosis was used to retrieve 
comorbidity information in NPR. As a result, only patients with an mRCC diagnosis after 1 January 2011 were included 
in comorbidity analyses.

Statistical Methods
All variables were presented using descriptive statistics, with counts and frequencies provided for categorical variables, 
and means, standard deviations, median, minimum, maximum, and 1st and 3rd quartiles for continuous variables. 
Clinical outcomes, including OS and systemic treatment duration, were descriptively assessed using the Kaplan–Meier 
method together with a Log rank test. OS was defined as the time from the mRCC index date to death or censoring at the 
end of follow-up (30 June 2019). In the patient cohort where systemic therapies were evaluated (mRCC diagnosed from 
2008 and onwards), OS was measured from the start of the first line of therapy. However, a sensitivity analysis, starting 
follow-up from the third line of therapy, to avoid immortal time bias, was performed. Furthermore, all treatment 
comparisons of OS were adjusted for several confounders (age, sex, year of diagnosis, histology, metastatic status at 
primary diagnosis and comorbidities) in a multivariable Cox regression model. Treatment duration was defined as the 
time from first registered treatment in a treatment line to treatment switch (start of new therapy line) or censoring at death 
or end of the study period. A multivariable logistic regression model was used to assess which factors (included based on 
clinical knowledge) were predictive for patients receiving ICI treatment. As this was an observational study, mostly 
descriptive, with no a priori possibility to dimension the study, no sample size calculation was performed.

Results
Patients
In total, we identified 4159 patients with mRCC diagnosis between 1 January 1995 and 31 December 2018. However, 81 
patients were excluded from primary endpoint analysis as they had a death date prior to or on the same date as mRCC 
diagnosis. Therefore, 4078 patients with mRCC were included in the primary analysis. Secondary endpoint analysis 
included 2338 patients diagnosed with mRCC from 2008 to 2018, with available complete information on systemic 
therapy. Patient characteristics are shown in Table 1.

BOX 1 Definitions of mRCC Used in This Study*

Registration in the CRN of primary mRCC at the time of diagnosis or within 4 months thereafter

Subsequent histology report to the CRN indicating metastatic disease

The first date of prescription of any targeted therapy (ie, VEGF inhibitor, mTOR inhibitor, PD-1 inhibitor)

First diagnosis of metastatic disease, (ie, ICD10: C77-C79)

Note: *At least one of the criterions described must be fulfilled. 
Abbreviations: CRN, Cancer Registry of Norway; mRCC, metastatic renal cell carcinoma; VEGF, vascular endothelial 
growth factor; mTOR, mammalian target of rapamycin; PD-1, programmed cell death protein 1; ICD10, International 
Classification of Diseases 10th revision.
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Overall Survival
The median OS from initial mRCC diagnosis was 1.17 years (95% CI 1.11–1.25) (supplementary Figure 1). Probability 
of survival at 5 years post-mRCC diagnosis was 10% in 1995–2001, 10% in 2002–2005, 16% in 2006–2008, 20% in 
2009–2011 and 25% in 2012–2015 (Figure 1). OS improved incrementally over time in patients diagnosed from 1995 to 
2018 and the median survival increased from 0.59 years (95% CI 0.5–0.75) in 1995–2001, to 0.75 years (95% CI 
0.66–0.91) in 2002–2005, 1.02 years (95% CI 0.87–1.2) in 2006–2008, 1.29 years (95% CI 1.12–1.53) in 2009–2011, 
1.46 years (95% CI 1.33–1.7) in 2012–2015, and 1.77 years (95% CI 1.46–2.2) in 2016–2018.

There was a significant difference in OS according to histological subtype and advancing age (p < 0.0001), but no 
apparent difference according to sex (supplementary Figures 2–4). Median OS was 1.21, 2.21, 1.32 and 0.62 years among 
patients with clear cell, chromophobe, papillary and other histological subtypes, respectively. More lines of systemic 

Table 1 Characteristics of Patients Diagnosed with mRCC in 
Norway Between 1995 and 2018 and 2008 to 2018

Characteristic, n (%) All patients  
(n=4159)

Patients diagnosed from  
2008 to 2018  

(n=2338)

Gender
Male 2894 (69.6) 1668 (71.3)

Female 1265 (30.4) 670 (28.7)

Age (years) at diagnosis

≤49 374 (9.0) 188 (8.0)
50–59 852 (20.5) 408 (17.5)

60–69 1275 (30.7) 770 (32.9)

70–79 1256 (30.2) 728 (31.1)
≥80 402 (9.7) 244 (10.4)

Histology
Clear cell 3387 (81.4) 1824 (78.0)

Chromophobe 83 (2.0) 61 (2.6)

Papillary 336 (8.1) 243 (10.4)
Other 353 (8.5) 210 (9.0)

CCI
0–1 1434 (64.7) 1224 (66.8)

≥2 783 (35.3) 609 (33.2)

Surgery

Total nephrectomy 2576 (61.9) 1372 (58.7)

Partial nephrectomy 262 (6.3) 205 (8.8)

Death during follow-up

Yes 3212 (77.2) 1675 (71.6)
No 947 (22.8) 663 (28.4)

Death due to RCC
Yes 2359 (56.7) 1205 (51.5)

No 1800 (43.3) 1133 (48.5)

De novo mRCC

Yes 2485 (59.8) 1492 (63.8)

No 1674 (40.2) 846 (36.2)

Abbreviations: mRCC, metastatic renal cell carcinoma; RCC, renal cell carcinoma.
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therapy were associated with a better OS; median OS was 0.87, 1.42, 2.62 and 4.09 years for patients who received 1, 2, 
3 or ≥4 lines of therapy, respectively (supplementary Figure 5).

Treatment Patterns and Impact on Survival
Of all 2338 patients diagnosed with mRCC between 2008 and 2018, 55% (n = 1281) received systemic treatment. Patients 
with low comorbidity score were more likely to receive systemic treatment, and 68% of patients with comorbidity CCI 
score 0–1 received treatment compared with 30% of patients with CCI score of ≥2. Between 2008 and 2018, TKIs were the 
most frequently prescribed treatment, representing 97.5%, 49.5%, 61.0% and 73.4% of first-, second-, third- and fourth-line 
therapy received, respectively. Second- and third-line use of mTOR inhibitors decreased over time (40–48% in 2008–2009 
versus 3–5% in 2018), whereas use of ICI therapy increased during the same period (from 5% to 30–45%) (supplementary 
Table 1). Cytokine therapy, with interferon alpha, was used in only one patient after 2008.

As expected, the proportion of patients eligible to receive each subsequent line of therapy decreased (Table 2), but 
there were no apparent differences in the overall number of lines of treatment received in patients diagnosed between 
2008 and 2018, or the number of lines of treatment received according to histology (supplementary Table 2).

Figure 1 Overall survival of patients with mRCC, stratified by year of diagnosis. 
Abbreviation: mRCC, metastatic renal cell carcinoma.

Table 2 Distribution of Lines of Treatment According to Year of mRCC Diagnosis (2008 to 2018)

Number of 
Treatment Lines

2008–2009 
(n=143)

2010–2011 
(n=234)

2012–2013 
(n=226)

2014–2015 
(n=269)

2016–2017 
(n=271)

2018 
(n=138)

Overall 
(n=1281)

1 71 (49.7%) 100 (42.7%) 88 (38.9%) 109 (40.5%) 115 (42.4%) 61 (44.2%) 544 (42.5%)

2 32 (22.4%) 65 (27.8%) 68 (30.1%) 62 (23.0%) 80 (29.5%) 39 (28.3%) 346 (27.0%)

3 21 (14.7%) 30 (12.8%) 34 (15.0%) 45 (16.7%) 44 (16.2%) 29 (21.0%) 203 (15.8%)

4 9 (6.3%) 19 (8.1%) 22 (9.7%) 21 (7.8%) 15 (5.5%) 6 (4.3%) 92 (7.2%)

5 2 (1.4%) 7 (3.0%) 8 (3.5%) 23 (8.6%) 12 (4.4%) 1 (0.7%) 53 (4.1%)

6 4 (2.8%) 8 (3.4%) 4 (1.8%) 2 (0.7%) 2 (0.7%) 1 (0.7%) 21 (1.6%)

(Continued)

Cancer Management and Research 2025:17                                                                                     https://doi.org/10.2147/CMAR.S484947                                                                                                                                                                                                                                                                                                                                                                                                    107

Puco et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=484947.docx
https://www.dovepress.com/get_supplementary_file.php?f=484947.docx
https://www.dovepress.com/get_supplementary_file.php?f=484947.docx
https://www.dovepress.com/get_supplementary_file.php?f=484947.docx


Furthermore, we descriptively assessed the duration of treatment in 343 patients who received at least 3 lines of 
therapy. Median duration of first-, second- and third-line treatment was 231 and 155 and 155 days, respectively (Table 3). 
No apparent differences in treatment duration were detected, regardless of the treatment sequence used. We also 
performed OS analysis on the various therapy sequences. Patients who received an ICI had a significantly (p < 
0.0001) improved OS compared with those who did not; median 4.51 versus 2.31 years (supplementary Figure 6). 
Furthermore, these differences persisted in a multivariable model adjusting for age, sex, year of diagnosis, histology, 
metastatic status at primary diagnosis and comorbidities (HR = 0.27, p < 0.0001 in favor of patients treated with ICI) 
(supplementary Table 3). A sensitivity analysis (to avoid immortal time bias) with OS measured from the start of the 
third treatment line confirmed these results (HR = 0.45, p < 0.0001) (supplementary Table 3).

The most frequently prescribed subsequent treatment after ICI, within the study follow-up period, was cabozantinib 
(67.6%) followed by axitinib and sunitinib (both <10%).

According to a multivariable prediction model (supplementary Table 4), patients with chromophobe histology were 
significantly (p = 0.022) more likely to receive an ICI compared with those with clear cell histology, as were patients 
with a more recent diagnosis of metastatic disease (ie, 2014 onwards; p < 0.001). Conversely, patients with primary 
mRCC (p = 0.014), males (p = 0.048), and patients with advanced age (70–79 years; p = 0.009 and ≥80 years; p = 0.001) 
compared to the youngest (≤49 years) were significantly less likely to receive an ICI. Comorbidity load had no significant 
impact on treatment selection (CCI 0–1 versus ≥2; p = 0.125).

Discussion
This study represents a retrospective analysis of data collected from four Norwegian national registries. As the provision 
of information into registries is mandatory, these findings are based on a complete national population and provide real- 
world evidence on the survival of mRCC patients over 23 years, before and after the introduction of modern targeted 

Table 2 (Continued). 

Number of 
Treatment Lines

2008–2009 
(n=143)

2010–2011 
(n=234)

2012–2013 
(n=226)

2014–2015 
(n=269)

2016–2017 
(n=271)

2018 
(n=138)

Overall 
(n=1281)

7 2 (1.4%) 3 (1.3%) 1 (0.4%) 3 (1.1%) 3 (1.1%) 1 (0.7%) 13 (1.0%)

8 1 (0.7%) 1 (0.4%) 1 (0.4%) 2 (0.7%) 0 (0%) 0 (0%) 5 (0.4%)

9 1 (0.7%) 0 (0%) 0 (0%) 2 (0.7%) 0 (0%) 0 (0%) 3 (0.2%)

10 0 (0%) 1 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%)

Abbreviation: mRCC, metastatic renal cell carcinoma.

Table 3 Median Duration of Treatment Lines Among Patients Who Received ≥ 3 Lines of Treatment

Median Duration of  
Treatment, Days 
(Q25-Q75)

TKI-mTOR-TKI 
(N=112)

TKI-TKI-ICI 
(N=62)

TKI-TKI-mTOR 
(N=66)

TKI-ICI-TKI 
(N=49)

TKI-TKI-TKI 
(N=54)

Overall 
(N=343)*

First-line 226 (135–461) 231 (99–574) 223.5 (102–421) 375 (208–557) 116 (52–304) 231 

(102.5–447)

Second-line 137 (83–260) 214.5 (105.5–301) 126 (76.5–219) 163 (67–273) 198 (92–359) 155 (85–296)

Third-line 175 (72–344.5) 190 (101–517) 126.5 (68–263) 212 (105–622) 117 (73–242) 155 (79–329)

Fourth-line 137 (70–290) 283 (134–533) 158 (117–354) 171 (87–324) 145 (88–286) 156 (95–306)

Note: *The overall number of patients declined to 174 at fourth-line therapy. 
Abbreviations: ICI, immune checkpoint inhibitor; mTOR, mammalian target of rapamycin; Q25, 25% quartile; Q75, 75% quartile; TKI, tyrosine kinase inhibitor.
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therapies, and the complete and comprehensive data on the use of systemic therapies in Norway from 1 January 2008 and 
onwards.

In our study, we observed an incremental improvement in OS over time. The factors associated with a better 
prognosis, regardless of systemic therapy use, were chromophobe histology and younger age. This is in line with 
previously reported RECON trial from Norway, and similar Danish and Swedish registry-based studies.24–27 However, 
our study included mRCC patients from a longer time period, 1995 to 2018, which allowed us to analyze survival for a 
longer follow-up period; before introduction of targeted therapies (1995–2005), cytokine era (2002–2005), during TKI 
era (2006 and onwards) and after introduction of ICIs (2017 and onwards). Factors likely to have contributed to survival 
improvements include earlier diagnosis, improved surgical procedures, general improvements in cancer care and more 
equitable access to health care services.29 In addition, improvements in survival after 2005 may reflect the introduction of 
modern systemic therapies and increasing number of effective treatments. Thus, the results from our study may provide 
additional real-world evidence, supporting survival benefits observed in TKI and ICIs randomized trials. Of note, the ICI 
monotherapy became available from 2016 (reimbursed in Norway from 2017) and the full effect of ICIs on OS is not 
fully captured by this analysis and is yet to be seen.

As expected, we found that a greater number of lines of systemic therapy was associated with improved OS. 
However, these results suffer from problems with immortal time bias, ie, only patients that survive long enough will 
have the possibility to be treated with several treatment lines. Hence, the results should not be interpreted as causal.

The proportion of patients receiving systemic treatment did not change significantly over the study period and was 
54.8% in all patients, which reduced to 29.7% among patients with a greater comorbidity load (CCI ≥2). Although there 
are reasons why some patients would not receive systemic treatment, ie, delayed systemic treatment in oligometastatic 
disease treated with surgical procedures or radiotherapy, comorbidities, patient preference, we would have expected the 
proportion of patients receiving treatment to increase over time. However, this was not seen, suggesting that patient 
outcomes could possibly be improved merely by improving access to treatment.

Further on, we observed significantly improved OS in patients receiving ICI as one of the treatment lines, and 
multivariable analysis supports this finding. This benefit should be interpreted with caution, as the patient sizes render the 
robustness of our observations vulnerable to spurious variation, and we cannot rule out there are possible other 
confounding factors that could have contributed to this difference in survival. However, it is important to note that the 
number of trials have shown improved outcomes in patients with mRCC treated with ICI. The immunomodulatory 
properties of antiangiogenic therapies combined with ICIs as well as the enhanced activity of combination therapies with 
TKI-ICI and ICI-ICI have been demonstrated in six phase 3 studies.14–22,30 Our study was however conducted prior to 
the introduction of combination therapies, and updated analysis is therefore necessary to investigate this in the future.

With more systemic therapies available in mRCC, optimizing the treatment sequence could possibly improve clinical 
outcomes. Various clinical trials have demonstrated a lack of cross resistance, thereby permitting sequencing of TKI 
therapies.5,8,9,12 Efficacy of mTOR inhibitors or ICIs as second-line therapy after a TKI has also been demonstrated and 
TKIs have shown activity after prior treatment with a TKI and ICI.8,31,32 In our study, we did not observe any differences 
in treatment duration related to different therapy sequences. Taking that and patient sizes into account, no conclusions 
could be made on optimal treatment sequence.

There are a number of limitations to our study. First, we lack the necessary clinical information to stratify patients 
according to the International Metastatic RCC Database Consortium risk groups, as this information was not captured in 
the source databases. Further on, we lack data on sites of metastatic lesions, as well as data on surgery and radiotherapy 
of metastasis that may influence prognosis and outcomes. Secondly, medical treatment records were not available for 
patients with mRCC prior to 2008, therefore the analyses according to treatment received were limited to patients with 
mRCC diagnosis after 1 January 2008. Finally, as in all retrospective real-world evidence studies, there is a risk of 
imbalances between studied groups, ie, confounding bias, and hence establishing causal relationships is challenging. All 
unadjusted analysis should be interpreted descriptively. However, the analysis where treatment differences were tested 
was adjusted for several important confounders. Nevertheless, residual confounding cannot be ruled out since all 
prognostic factors and comorbidities were not captured by the registries. In our multivariable analysis, we identified 
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that patients with a more recent diagnosis of metastatic disease (ie, 2014 onwards) were more likely to receive an ICI. 
This likely reflects the increased access/availability of ICIs over time.

Taking into account the retrospective nature and the limitations of our study, it is difficult to generalize the results. 
However, our results support the results from a number of randomized trials as well as previously reported real-world 
evidence studies, suggesting a benefit of systemic targeted therapies.

Conclusion
In conclusion, this retrospective, registry-based, population-wide study of patients with mRCC in Norway, spanning over 
23 years, provides evidence of incremental improvements in survival in the period from 1995 to 2018. Our findings may 
provide additional evidence supporting survival benefits of modern systemic therapies in real-world patients.
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