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Abstract
Background: The treatment landscape of metastatic renal cell carcinoma (mRCC) has 
substantially advanced over the last three decades, whereby data from controlled clinical 
trials indicate significant improvements regarding patients’ overall survival (OS) in highly 
selected patient cohorts. The aim of this study is to evaluate the impact of potentially 
game changing drugs on patients’ outcomes by comparing three different historical mRCC 
treatment eras.
Methods: In all, 914 mRCC patients who were diagnosed between July 1985 and September 
2020 were included into this observational study and assigned to three different treatment 
eras [‘cytokine’, ‘first-generation tyrosine kinase inhibitors (TKIs)’, and ‘modern TKIs/
immunotherapy’] based on the EMA approval dates of sunitinib (July 2006) and nivolumab 
(June 2015) in mRCC treatment. OS was considered the primary study endpoint. Kaplan–Meier 
analyses, log-rank tests, and uni- and multivariable Cox regression models were performed.
Results: OS was significantly longer in patients of the modern TKIs/immunotherapy era 
(median OS not reached) as compared to the cytokine (2.4 years) and first-generation TKIs 
era (1.7 years, all p < 0.001). Moreover, patients of the modern TKIs/immunotherapy era 
demonstrated a significantly better prognosis [hazard ratio (HR): 0.41, 95% confidence 
interval (CI): 0.32–0.55, p < 0.001] compared to those of the cytokine era, while no statistically 
significant difference was observed between the cytokine and the first-generation TKIs 
era cohort (HR: 1.12, 95% CI: 0.89–1.41, p = 0.341). Subgroup analyses stratified by the 
International Metastatic RCC Database Consortium (IMDC) risk groups showed a significantly 
longer OS in the modern TKIs/immunotherapy era as compared to first-generation TKIs and 
cytokines across all IMDC risk groups.
Conclusion: Significant advances in the systemic medical treatment of mRCC during the 
recent decade and the introduction of immunotherapy exerted a major impact on patient 
outcomes in terms of OS in a real-life population.
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Introduction
Renal cell carcinoma (RCC) represents the most 
common cancer type with an origin in the kidney 
and currently accounts for 3.6% of all malignant 
tumors in the United States alone, with approxi-
mately 76,000 estimated new cases annually.1 
Etiologically, RCC is a highly heterogeneous dis-
ease and can be classified into various histological 
subtypes, the most frequent being clear cell RCC 
(80–90%), papillary RCC (10–15%), and chro-
mophobe RCC (4–5%), although these subtypes 
can be further dissected depending on different 
histological variants and molecular features in 
future classifications.2,3 Despite significant 
advancements in diagnostic imaging methods, 
surgery, and systemic medical treatment modali-
ties over the recent years, RCC patients prognosis 
remains poor, with up to 30% suffering from met-
astatic disease at initial diagnosis, and up to 30% 
of patients developing metastases during the 
course of the disease.4,5

Today, systemic medical treatment represents the 
leading therapeutic choice in metastatic RCC 
(mRCC), and the treatment landscape has 
changed substantially throughout the last three 
decades. Until the early 2000s, immune-modula-
tory therapies with cytokines, including interferons 
(IFNs) and interleukin-2 (IL-2), represented the 
only valid standard-of-care approach.6 However, 
besides considerable and often treatment-limiting 
toxicities and side effects, the benefits in survival 
outcomes for most patients were limited to in gen-
eral a few months.7 Consequently, advances in 
understanding the underlying RCC pathophysiol-
ogy and angiogenesis as a central mechanism 
allowed the specific development of antiangiogenic 
strategies, mainly driven by the so-called first-gen-
eration tyrosine kinase inhibitors (TKIs).8 The 
prototype of this class of drugs, namely sunitinib, 
was first approved based on a significant improve-
ment of progression-free survival (PFS) over a 
treatment with IFN-alpha (IFN-α) in 2006 
(improved PFS from 5 to 11 months), thereby 
marking the beginning of the TKI-based treatment 
era in advanced/mRCC treatment.9 Despite 
improving PFS, patients’ overall survival (OS) has 
not been significantly improved in this ground-
breaking clinical trial by Motzer and colleagues,10 
which was probably caused by a high cross-over 
rate of more than 60% of patients from the IFN 
control-arm switching to the antiangiogenic drug.10 
Similarly, an improvement in PFS, but no differ-
ence in OS due to a substantial cross-over effect 
has been demonstrated for the second first-line 

standard-of-care drug at that time, namely pazo-
panib.11 Recently, the introduction of immune 
checkpoint inhibitors (ICIs) in the treatment of 
mRCC, including the combination with second- 
and third-generation TKIs (‘modern’ substances 
as axitinib, cabozantinib, and lenvatinib) further 
revolutionized the therapeutic landscape and led to 
a significant OS benefit in second and first-line 
randomized clinical trials.12–17

As these data are retrieved from controlled phase 
III trials, we aimed to evaluate the impact of novel 
drugs on patients’ survival outcomes in the treat-
ment of mRCC over the last decades in a real-life 
population by comparing three different historical 
treatment cohorts: the ‘cytokine era’, the ‘first-
generation TKIs era’, and the ‘modern TKIs and 
immunotherapy era’.

Materials and methods
In this observational cohort study, 914 consecu-
tive patients with histologically confirmed mRCC 
who were diagnosed with metastatic disease 
between July 1985 and September 2020, and who 
were treated at the Division of Oncology, 
Department of Internal Medicine, and/or at the 
Department of Urology of the Medical University 
of Graz in Austria, were included.

Clinicopathological data were collected from 
patients’ electronic medical records, as well as from 
paperback archives of both participating depart-
ments. Documented clinicopathological data 
included patients’ age, gender, histological RCC 
subtype, tumor grade, as well as presence or absence 
of histological tumor necrosis or sarcomatoid differ-
entiation, and patients’ performance status. 
Assessed laboratory values included hemoglobin, 
calcium, neutrophil lymphocyte, and platelet counts 
to be able to calculate the International Metastatic 
RCC Database Consortium (IMDC) risk score for 
each individual patient.18 Patients with no points 
were considered ‘good risk’, whereas patients with 
1–2 and ⩾3 points were considered ‘intermediate’ 
or ‘poor risk’, respectively. Dates of death were 
accurately obtained from the Austrian Social 
Security System database. This study was approved 
by the local ethics committee (No. 32-573 ex 19/20) 
of the Medical University of Graz.

Statistical analyses
OS was considered the primary endpoint of our 
study and defined as the time (in years) from the 
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date of diagnosis of metastatic disease to patients’ 
death of any cause. Patients were assigned to 
three different treatment eras according to the 
date of diagnosed metastatic disease and impor-
tant hallmarks in the approval of new therapeutic 
approaches in the treatment of RCC. Patients 
who had metastatic disease and died before 27th 
July 2006, which corresponds with the approval 
date of Sunitinib in the treatment of mRCC by 
the European Medical Association (EMA), were 
considered as patients of the ‘cytokine era’. 
Patients who developed metastases or were still 
alive after that date and up until 26th June 2015, 
corresponding to the EMA approval of 
Nivolumab, were considered to represent the 
‘first-line TKIs era’. Patients who were diagnosed 
with mRCC and patients that were still alive after 
26th June 2015, were referred to as the ‘modern 
TKIs and immunotherapy era’.

All clinicopathological parameters in the three 
treatment era groups were compared using analy-
sis of variance and chi-squared tests as appropri-
ate. The Kaplan–Meier method was used to plot 
survival functions to the three groups and com-
pared by log-rank tests. To account for missing 
data, multiple imputation using chained equa-
tions was used for all variables with missing data 
(histology, sarcomatoid differentiation, tumor 
necrosis, systemic treatment, IMDC risk groups, 
and tumor grade) with 40 (m = 40) imputations 
for each missing variable. Variables included in 
the imputation model were histology, sarcoma-
toid differentiation, tumor necrosis, systemic 
treatment, IMDC risk groups tumor grade, and 
treatment era. Uni- and multivariable Cox pro-
portional Hazard models were performed and 
parameters which were significant in the univari-
able models were further implemented in the 
multivariable analyses. Hazard ratios estimated 
from the Cox analysis were reported as relative 
risks with corresponding 95% confidence inter-
vals (CIs). All statistical analyses were performed 
using Stata for Windows version 16.1 (StataCorp 
LP, Collage Station, TX, USA). A two-sided 
p < 0.05 was considered statistically significant.

Results
In our analysis, 914 mRCC patients were 
included, of which 311 (34%) patients were cat-
egorized as referring to the cytokine era, 311 
(34%) patients to the first-generation TKIs era, 
and 292 (32%) were assigned to the modern 
TKIs/immunotherapy era. See Table 1 regarding 

the baseline characteristics of the three cohorts 
studied. Overall, 495 (54.2%) patients received 
no systemic anticancer therapy at all, most of 
which (n = 237) were assigned to the cytokine era, 
whereas 138 and 120 patients were part of the 
first-generation TKIs or modern TKIs/immuno-
therapy era, respectively. Concerning the IMDC 
risk score, 141 (15.4%) patients, 325 (35.6%), 
and 181 (19.8%) patients were considered ‘good’, 
‘intermediate’, and ‘poor’ risk, respectively. 
29.2% of the overall study population were not 
assigned to an IMDC risk score subgroup at all, 
due to missing data.

There were no statistically significant differences 
in the distributions of age, sex, histology, and 
tumor grade between the patient cohorts (p > 0.05 
for all parameters). Rates of nephrectomy (p <  
0.001), sarcomatoid differentiation (p < 0.001), 
histological tumor necrosis (p < 0.001), systemic 
anti-tumor treatment (p < 0.001), Eastern 
Cooperative Oncology Group performance status 
(PS; p = 0.001), and IMDC risk groups (p = 0.009) 
varied significantly between the three different 
treatment eras.

Survival outcomes in the overall patient cohort
Median OS in the overall study population 
(including patients who did not receive systemic 
medical treatment) was 2.6 (95% CI: 2.3–2.9) 
years. In the IFN era, median OS was 2.4 (95% 
CI: 1.9–2.8) years, whereas it was 1.7 (95% CI: 
1.4–2.1) years in the first-generation TKIs era 
and was not reached in the modern TKIs/immu-
notherapy era. There were 151, 300, and 174 
reported deaths in the cytokine, first-generation 
TKI, and TKIs/immunotherapy era, respectively. 
OS was significantly longer in patients of the 
modern TKIs/immunotherapy era than it was in 
the cytokine (log-rank p < 0.001) and first-gener-
ation TKI (log-rank p < 0.001) eras. There was 
no significant difference in terms of OS between 
patients attributed to the cytokine and first-gener-
ation TKIs era (log-rank p = 1.1179) (Figure 1). 
Excluding all patients who did not receive any 
systemic treatments from analyses showed similar 
results (Supplemental Figure 1).

In the univariable Cox proportional hazard analy-
sis, including both patients with and without sys-
temic tumor therapies, patients of the modern 
TKIs/immunotherapy era had a significantly bet-
ter prognosis, while there was no difference in the 
first-generation TKIs era cohort. Multivariable 
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cox analyses adjusted for age, nephrectomy, his-
tologic subtype, sarcomatoid differentiation, his-
tologic tumor necrosis, systemic versus no systemic 
tumor treatment, IMDC risk groups, and tumor 
grade confirmed these results (Table 2).

Survival outcomes stratified by IMDC risk 
groups
The IMDC risk score was available in 647 
patients, of which 141 (21.8%), 325 (50.2%), 
and 181 (28.0%) patients were classified as 
‘good’, ‘intermediate’, and ‘poor’ risk according 
to their IMDC scores, respectively. Overall, 
median OS was 4.0 years in patients in the ‘good’ 
prognosis group, 2.3 years in the ‘intermediate’ 
prognosis group, and 1.5 years in the ‘poor’ risk 
group, which represented statistically significant 
differences at a p value of < 0.05 for all pairwise 
comparisons (Supplemental Figure 2).

In the ‘good’ risk group, both patients in the 
modern TKIs/immunotherapy era had a signifi-
cantly better OS than patients in the first-genera-
tion TKIs (log-rank p < 0.001) and cytokine era 
(log-rank p = 0.001). Moreover, patients in the 
first-generation TKIs era had a more favorable 
outcome than patients in the IFN era (log-rank 
p = 0.0158) (Figure 2).

As for patients with ‘intermediate’ risk RCC, the 
modern TKIs/immunotherapy era showed signif-
icantly better survival as indicated by the Kaplan–
Meier curves than the first-generation TKIs 
(log-rank p < 0.001) and cytokine (log-rank 
p < 0.001) era, whereas there was no significant 
difference between the first-generation TKIs and 
cytokine eras (log-rank p = 0.4727) (Figure 3).

In patients defined as ‘poor’ risk according to 
their IMDC score, patients of the modern TKIs/
immunotherapy era showed again a significantly 
better OS than patients of the first-generation 
TKIs era (log-rank p < 0.001). Only 16 patients 
in the ‘poor’ risk group were part of the cytokine 
era thus meaningful comparisons were limited 
(Figure 4).

Discussion
The systemic medical treatment landscape of 
mRCC has dramatically changed over the past 
decades, whereby immunotherapy represented 
the latest breakthrough in first- and second-line 
settings within the last 5 years.19 Whether real-life 

mRCC patient cohorts reflect the significant dif-
ferences in OS found in controlled clinical trials is 
poorly understood and defined yet. In our obser-
vational study, we report the advances in survival 
outcomes in the treatment of mRCC over the last 
three decades in a large real-life population 
(n = 914) in Austria by comparing three historical 
treatment cohorts. Of note, all EMA-approved 
therapeutics for mRCC are currently available to 
all patients in Austria and the state of Styria.

In our study cohort, OS has significantly improved 
during the last decades and was substantially 
longer in patients living in the modern TKIs/
immunotherapy era cohort, as compared to the 
two other historical patient cohorts. Furthermore, 
the observed differences in survival were consist-
ent across all three IMDC risk groups. Since data 
on survival benefit over different treatment eras 
are mostly based on controlled phase III trials, 
our study adds an important insight on the real-
world impact of novel drugs in RCC treatment 
over a timespan of more than three decades. 
Considering the high treatment costs of novel 
treatment strategies such as ICIs, reporting out-
comes in a real-world setting outside of highly 
selected phase III study cohorts is crucial to ulti-
mately justify higher healthcare expenses. 
Furthermore, our analysis revealed IMDC risk 

Figure 1. The Kaplan–Meier curves showing OS for cytokine, first-
generation TKIs, and modern TKIs/immunotherapy era in the overall 
patient cohort (cytokine versus first-generation TKIs p = 0.118; cytokine 
versus modern TKIs/immunotherapy p < 0.001; first-generation TKIs versus 
modern TKIs/immunotherapy p < 0.001).
OS, overall survival; TKIs, tyrosine kinase inhibitors.
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Table 2. Uni- and multivariate Cox regression models regarding OS.

Variable Univariable analysis Multivariable analysis

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

Age (years)

⩽65 1 (reference)  

>65 1.719 (1.430–2.067) <0.001 1.406 (1.157–1.708) 0.001

Time of metastasis

Synchronous 1 (reference)  

Metachronous 0.8445 (0.684–1.042) 0.115  

Sex

Male 1 (reference)  

Female 0.959 (0.802–1.146) 0.644  

Treatment era

Cytokine 1 (reference) 1 (reference)  

First-generation TKI 1.186 (0.965–1.458) 0.104 1.119 (0.888–1.411) 0.341

Modern TKIs/immunotherapy 0.466 (0.365–0.595) <0.001 0.414 (0.315–0.546) <0.001

Histology

Clear cell 1 (reference) 1 (reference)  

Non-clear cell 0.571 (0.467–0.698) <0.001 0.898 (0.708–1.139) 0.375

Sarcomatoid differentiation

No 1 (reference) 1 (reference)  

Yes 1.550 (1.165–2.062) 0.003 1.271 (0.928–1.740) 0.135

Tumor necrosis

No 1 (reference) 1 (reference)  

Yes 1.280 (1.075–1.524) 0.005 1.199 (0.983–1.463) 0.074

Nephrectomy

No 1 (reference) 1 (reference)  

Yes 0.308 (0.243–0.391) <0.001 0.290 (0.216–0.390) <0.001

Systemic treatment

No 1 (reference) 1 (reference)  

Yes 0.697 (0.586–0.830) <0.001 0.753 (0.620–0.915) 0.004

IMDC risk group

Good 1 (reference) 1 (reference)  

(Continued)
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groups, patient’s age, and tumor grade as signifi-
cant predictors of survival.

As mentioned above, the mRCC treatment land-
scape has significantly changed since the 1990s, 
evolving to a broader spectrum of approved drugs 
with increased efficiency and fewer adverse side 
effects. In 1992, IL-2 was approved as the first sys-
temic medical treatment option for mRCC 
patients.20,21 Although the use of cytokine immuno-
therapies, such as IL-2 or IFN-α revealed reasona-
ble response rates in a certain amount of patients, it 
is out of use nowadays due to unfavorable outcomes 
and significant (and sometimes life threatening) 
toxicities in comparison to first-generation TKIs.22 
In 2006, the approval of sunitinib initiated the ther-
apeutic era of first-generation TKIs. These mainly 
orally administrated multi-targeting drugs against 
vascular endothelial growth factor (VEGF) recep-
tors 1, 2, and 3, c-Kit, and platelet-derived growth 
factor (PDGF) receptors, prevent the induction of 
hypoxia-inducible factor genes (e.g. VEGF, PDGF) 
as tumor progression determinants.23 For almost 
one whole decade, first-generation TKIs have been 
the mainstay for the first- and higher treatment lines 
in advanced or mRCC.

Nonetheless, the introduction of the ‘pro-
grammed cell death 1’ (PD-1) inhibitor nivolumab 
in the second-line setting, as well as in combina-
tion with the ‘cytotoxic T-lymphocyte-associated 
Protein 4’ (CTLA4) inhibitor ipilimumab in the 
first-line treatment of intermediate and poor risk 
mRCC revolutionized the systemic medical treat-
ment of mRCC. ICIs targeting immune check-
point molecules, such as PD-1, PD-L1, or 
CTLA4, promote antitumor immune responses 

through effector T-cell proliferation and activa-
tion.24 Since these findings, various ICIs and 
novel combinations with next-generation TKIs 
have expanded the possible treatment options in 
the palliative first-line setting of ‘good’, ‘interme-
diate’, and ‘poor’ risk RCC patients.12,16,17,25

Each different treatment era came along with a 
distinctive toxicity profile of the respective therapy 
used at that time. On the one hand, especially IFN 

Figure 2. The Kaplan–Meier curves showing OS for cytokine, first-
generation TKIs, and modern TKIs/immunotherapy era in IMDC good risk 
group patients (cytokine versus first-generation TKIs p = 0.016; cytokine 
versus modern TKIs/immunotherapy p < 0.001; first-generation TKIs versus 
modern TKIs/immunotherapy p < 0.001).
IMDC, international metastatic RCC database consortium; OS, overall survival; TKIs, 
tyrosine kinase inhibitors.

Variable Univariable analysis Multivariable analysis

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

Intermediate 1.507 (1.154–1.968) 0.003 1.421 (1.073–1.881) 0.014

Poor 1.795 (1.333–2.417) <0.001 1.656 (1.197–2.291) 0.002

Tumor grade

G1 + G2 1 (reference) 1 (reference)  

G3 + G4 1.539 (1.271–1.863) <0.001 1.331 (1.059–1.673) 0.014

CI, confidence interval; HR, hazard ratio; IMDC, international metastatic RCC database consortium; TKIs, tyrosine kinase 
inhibitors. Statistically significant p-values are highlighted in bold.

Table 2. (Continued)
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treatment had significant side effects22; thus, a 
large proportion of patients were considered unfit 
for systemic treatments and consequently treated 
with best-supportive care approaches from the ini-
tial diagnosis of metastatic disease. On the other 
hand, modern therapies such as TKIs and immu-
notherapies showed improved and manageable 
toxicity profiles; therefore, patients, who had been 
denied the chance of palliative systemic therapy in 
the cytokine era, might have been considered fit 
for various treatments today.26,27 To avoid a selec-
tion of patients with a more favorable prognosis 
only due to their PS in the cytokine era, we 
included both patients who did and did not receive 
systemic treatments across all three historical 
cohorts. However, when considering only patients 
who received treatment in a subgroup analysis, the 
obtained results were similar.

In our analysis, we chose to assign patients to dif-
ferent treatment eras based on historical drug 
approval landmarks in the RCC treatment land-
scape, following the EMA approval dates of the 
primary agent of a new treatment era. Comparing 
OS outcomes for the cytokine and first-genera-
tion TKIs era, we would have expected an 
improved OS for TKIs; nevertheless, our analysis 
did not show a significant difference between 
both cohorts. These data are in contrast to a 
Danish wide population-based study including a 
similar number of patients and demonstrated that 
targeted therapy resulted in significantly improved 
treatment rate and OS rate in mRCC patients.28 
This finding might be explained by our means of 
cutoff selection, as some patients may have 
received agents from more than one historical 
treatment era. Patients who received more potent 
second- or third-generation TKIs29,30 near the 
end of the TKI era, and survived until the 
approval of nivolumab in mRCC, crossed over 
into the modern TKIs/immunotherapy era, 
resulting in a potential underestimation of the 
outcomes of the first-generation TKIs era. 
Another explanation might be that more patients 
with even worse prognostic features were treated 
in the first-generation TKIs era due to toxicity 
profile and multiple treatment options.

Finally, some limitations of our study shall be dis-
cussed. First, due to the retrospective single-center 
study design, selection bias cannot be excluded 
entirely. Second, the number of treatment lines 

Figure 4. The Kaplan–Meier curves showing OS for cytokine, first-
generation TKIs, and modern TKIs/immunotherapy era in IMDC poor risk 
group patients (cytokine versus first-generation TKIs p = 0.59; cytokine 
versus modern TKIs/immunotherapy p < 0.001; first-generation TKIs versus 
modern TKIs/immunotherapy p < 0.001).
IMDC, international metastatic RCC database consortium; OS, overall survival; TKIs, 
tyrosine kinase inhibitors.

Figure 3. The Kaplan–Meier curves showing OS for cytokine, first-
generation TKIs, and modern TKIs/immunotherapy era in IMDC 
intermediate risk group patients (cytokine versus first-generation TKIs 
p = 0.473; cytokine versus modern TKIs/immunotherapy p < 0.001; first-
generation TKIs versus modern TKIs/immunotherapy p < 0.001).
IMDC, international metastatic RCC database consortium; OS, overall survival; TKIs, 
tyrosine kinase inhibitors.
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might also influence survival in different treatment 
areas, but were not systematically investigated in 
our study. Third, due to missing electronic data 
processing and inconsistent paper charts documen-
tation during the 1990s and early 2000s, our study 
showed a considerable amount of missing data in 
the cytokine era cohort regarding the parameters 
defining the IMDC risk groups, as well as in tumor 
grading. However, multiple imputation models 
were implemented to account for missing data, to 
include tumor grading and IMDC risk scores in the 
multivariable Cox model. In a subgroup analysis 
stratified for IMDC risk groups, patients of the 
modern TKIs/immunotherapy era had consist-
ently, and significantly better OS as compared to 
the first-generation TKIs and cytokine era.

Conclusion
The advances in various treatment modalities of 
mRCC during the recent decades and the intro-
duction of modern TKIs and immunotherapy 
exerted a major impact on patient outcomes in a 
real-life population in Austria.
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