
Abstract. Background/Aim: To evaluate the relationship
between treatment period and overall survival (OS) and to
identify clinical factors associated with OS in patients with
metastatic renal cell carcinoma (mRCC). Patients and
Methods: Two hundred thirteen consecutive patients with
mRCC receiving systemic therapy between 2008 and 2020
were divided into two groups: those starting first-line therapy
in 2008-2015 (n=133) and those in 2016-2020 (n=80).
Clinical factors associated with OS were retrospectively and
statistically analyzed. Results: Median OS and one-, three-
and five-year OS rates were not reached and 88.7%, 64.9%,
and 64.9% in patients treated in 2016-2020; 31.4 months and
78.5%, 42.8% and 34.2% in 2008-2015 (p=0.0013).
Multivariate analysis identified the period in which first-line
therapy was started as the strongest predictor for OS
(p=0.0002). Conclusion: OS was significantly better in mRCC
patients treated in 2016-2020 than in 2008-2015. Treatment
period was the strongest predictor for OS.

The ongoing improvement of our understanding of molecular
biology has led to major breakthroughs in medical treatment
for patients with metastatic renal cell carcinoma (mRCC) (1).

Nivolumab, a fully human IgG4 programmed death 1
antibody, is the first immune checkpoint inhibitor (ICI)

therapy that has been available for the treatment of mRCC
in clinical practice since 2016 (2, 3). Currently, the ICI
combination therapy and the ICI plus tyrosine kinase
inhibitor (TKI) combination therapy, a category that includes
the nivolumab plus ipilimumab, pembrolizumab plus
axitinib, and avelumab plus axitinib therapies, have become
the mainstays of medical treatment of mRCC in clinical
practice in Japan. Various clinical studies have demonstrated
that upgraded systemic therapies improve patient outcomes
including overall survival (OS) (4). Yet, there are few reports
showing the effect on mRCC prognosis of the recent
replacement of previous systemic therapies with upgraded
versions in real-world clinical practice in Japan (5). The
present study aimed to confirm whether the therapeutic
results of mRCC have truly been improved by the recent
upgrades. We conducted a single-institutional retrospective
study comparing therapeutic outcomes in Japanese patients
with mRCC treated between 2008 and 2015 with those
treated between 2016 and 2020. We also aimed to identify
the clinical factors associated with OS in patients with
mRCC in real-world clinical practice.

Patients and Methods

Study population. The clinical and laboratory data from 213
consecutive patients with mRCC who started treatment with TKI or
ICI therapy between April 2008 and December 2020 at our
institution were retrospectively investigated. The patients were
divided into two groups based on the year in which they started
first-line therapy: 2008-2015 (n=133) or 2016-2020 (n=80). This
study was approved by the institutional review board at the Cancer
Institute Hospital, Japanese Foundation for Cancer Research. 

We recorded each patient’s medical history; physical examination
data, Karnofsky performance status (KPS), laboratory data, and
chest radiography findings both before initiating and during TKI or
ICI therapy; TKI or ICI was administered to each patient based on
the attending physician’s decision. We evaluated the objective
response by computed tomography (CT) every two or three months
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines version 1.1 (6).
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Statistical analysis. Descriptive statistics for continuous variables were
presented as the median and interquartile range (IQR), and categorical
variables were reported as frequencies and percentages. OS period was
defined as the time from initiation of first-line targeted or ICI therapy
to final follow-up or death from any cause. In addition, we investigated
the following variables as candidate predictors associated with OS: age,
sex, KPS, duration from diagnosis to treatment, blood hemoglobin
concentration, corrected serum calcium, platelet count, serum lactate
dehydrogenase (LDH), neutrophil count, lymphocyte count, history of
cytoreductive nephrectomy, histology (clear cell vs. non-clear cell
cancer), metastasis at the time of diagnosis, period in which first-line
therapy was started, International Metastatic Renal Cell Cancer
Database Consortium (IMDC) risk classification and duration of first-
line therapy. OS curves were estimated according to the Kaplan–Meier
method and compared among the categorical covariates with the log-
rank test for univariate analysis. Using a univariate and multivariate
Cox proportional hazards regression analysis, any significant
association between OS and clinical factors was investigated. The
hazard ratio (HR) and 95% confidence interval (CI) were calculated for
each predictor of OS. All of the statistical analyses were performed
using JMP software version 14.0 (SAS Institute Inc., Cary, NC, USA)
and p-values <0.05 were considered statistically significant. 

Results
Patient characteristics. Median follow-up period was 23.9
(IQR=9.6-44.4) months from initiation of first-line therapy.

Patient characteristics are presented in Table I. No patient
characteristics were significantly different between the two
groups (all, p>0.05) except for ICI therapy (p<0.001) (Table
I). Of the patients treated in 2008-2015 and 2016-2020, 96
(72%) and 16 (20%) patients, respectively, had died because
of disease progression, while the remaining 37 (28%) and 64
(80%) patients, respectively, were alive at the time of this
writing. Twenty-five (19%) of the patients treated in 2008-2015
and 55 (69%) of the patients treated in 2016-2020 received ICI
therapy (p<0.001). One, 11, 10, and 3 patients treated in 2008-
2015 received ICI as a first-line, second-line, third-line, and
fourth-line therapy, respectively, while 20, 32, and 3 patients
treated in 2016-2020 received ICI as a first-line, second-line
and third-line therapy, respectively. According to the IMDC
risk classification2, the numbers of patients with favorable,
intermediate, poor risk, and unknown were 37 (28%), 65
(49%), 24 (18%), and 7 (5%) in the 2008-2015 group and 34
(42%), 27 (34%), 14 (18%), and 5 (6%) in the 2016-2020
group. Although a higher proportion of patients had favorable
risk in the 2016-2020 group compared to the 2008-2015 group,
this difference was not significant (p=0.053).

Comparison of overall survival between the 2008-2015 and
2016-2020 groups. From the initiation of first-line therapy,
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Table I. Patient characteristics (n=213).

Clinical factors                                                                                                               2008-2015 (n=133)             2016-2020 (n=80)                p-Value

Median age, years (inter-quartile range)                                                                              63 (55-70)                           64 (56-71)                        0.818
Gender (%)                                                                         Male                                             103 (77)                               56 (70)                             
                                                                                            Female                                           30 (23)                                24 (30)                           0.230
Karnofsky performance status (%)                                   <80                                                27 (20)                                10 (13)                             
                                                                                            ≥80                                               101 (76)                               66 (82)                             
                                                                                            Unknown                                        5 (4)                                     4 (5)                             0.147
Histology (%)                                                                     Clear cell                                      111 (83)                                70 (88)                             
                                                                                            Papillary                                          7 (6)                                     2 (2)                               
                                                                                            Chromophobe                                 1 (1)                                        0                                  
                                                                                            Xp translocation                             1 (1)                                     1 (1)                               
                                                                                            Collecting duct                               2 (1)                                     3 (4)                               
                                                                                            Unclassified                                   10 (7)                                    3 (4)                               
                                                                                            Unknown                                        1 (1)                                     1 (1)                             0.580
Metastasis at the diagnosis (%)                                         M0                                                 60 (45)                                40 (50)                             
                                                                                            M1                                                 68 (51)                                37 (46)                             
                                                                                            Unknown                                        5 (4)                                     3 (4)                             0.482
Cytoreductive nephrectomy (%)                                       Yes                                                 95 (71)                                62 (78)                             
                                                                                            No                                                  38 (29)                                18 (22)                           0.326
Number of treatment lines                                                 >2                                                  38 (29)                                21 (26)                             
                                                                                            ≤2                                                  95 (71)                                59 (74)                           0.962
IMDC risk classification at first-line therapy (%)           Favorable                                      37 (28)                                34 (42)                             
                                                                                            Intermediate                                  65 (49)                                27 (34)                             
                                                                                            Poor                                               24 (18)                                14 (18)                             
                                                                                            Unknown                                        7 (5)                                     5 (6)                             0.053
ICI therapy (%)                                                                  Yes                                                 25 (19)                                54 (68)                             
                                                                                            No                                                 108 (81)                               26 (32)                         <0.001

IMDC: International Metastatic Renal Cell Carcinoma Database Consortium; ICI: immune checkpoint inhibitor.



median OS and five- and 10-year OS rates in all patients were
35.2 months, 40.9%, and 20.7%, respectively (Figure 1).
Median OS and one-, three-, and five-year OS rates in patients
treated in 2016-2020 were not reached and 88.7%, 64.9%, and
64.9%, respectively; the corresponding figures for patients
treated in 2008-2015 were 31.4 months and 78.5%, 42.8%,
and 34.2%, respectively (p=0.0013) (Figure 2). ICI therapy

was discontinued for 19 (76%) patients treated in 2008-2015
and 27 (49%) patients treated in 2016-2020. After ICI therapy,
13, 1, 1, and 4 patients treated in 2008-2015 switched to
axitinib, switched to sunitinib, enrolled in a clinical trial of
another therapy, and died, respectively, while 18, 2, 1, and 6
patients treated in 2016-2020 switched to axitinib, switched to
cabozantinib, switched to sunitinib, and died, respectively.

Next, we investigated which of the clinical factors were
predictors of OS. In multivariate analysis, period in which
first-line therapy was started (HR=0.38, 95%CI=0.21-0.65,
p=0.0002) was extracted as the strongest predictor for OS
followed by corrected serum calcium (p=0.0006), KPS
(p=0.0014), hemoglobin (p=0.0043), neutrophil count
(p=0.0063), and history of nephrectomy (p=0.015) in that
order. Although ICI therapy was not significantly associated
with OS, OS did tend to be longer in ICI therapy recipients
(HR=0.69, 95%CI=0.44-1.06, p=0.089) (Table II).

Discussion

In this study, we confirmed that the therapeutic outcomes of
real-world clinical practice treatment for mRCC were
significantly better among patients who started treatment in
2016-2020 than among those who started treatment in 2008-
2015. Likewise, multivariate analyses identified the period
in which first-line therapy was started as the factor that most
strongly predicted OS.

Targeted therapies (TT) including TKI and mTOR
inhibitors, which were approved for use in Japan in 2008,
have dramatically changed the mainstream of mRCC
treatment, and greatly improved patient outcomes including
OS compared with the previous treatment, that is cytokine-
based [interleukin 2 and interferon (IFN)-α] treatment (7-
10). In real-world clinical practice at the start of the TKI era,
Heng et al. demonstrated the satisfactory treatment outcomes
and safety profiles of these targeted agents in a retrospective
study in a large cohort. In that study, 396, 200, and 49
patients were treated with sunitinib, sorafenib, and
bevacizumab, respectively, as a first-line therapy. The
median OS period was 22 months (95%CI=20.2-26.5) (11).
Heng et al. also identified higher neutrophil count, higher
platelet count, lower hemoglobin concentration, higher serum
corrected calcium, poorer KPS, and a duration of less than
one year between diagnosis and treatment as the risk
variables for short OS in the TKI era; these are currently
known as the IMDC risk factors (11). In a previous single-
institutional retrospective study (12), we likewise reported
an estimated median PFS of 9.3 months (95%CI=5.0-13.7)
and an OS of 32.2 months (95%CI=24.4-40.0). 

Various clinical trials (13-15) have reported that ICI
therapies improve the clinical outcomes of patients with
mRCC. Some other clinical trials have reported the efficacy of
ICI therapies among Japanese patients with advanced RCC
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Figure 2. Comparison of overall survival from initiation of first-line
therapy in metastatic renal cell carcinoma (mRCC) patients treated in
2016-2020 (n=80) and those treated in 2008-2015 (n=133). Overall
survival was significantly improved in the period of 2016-2020
compared with 2008-2015.

Figure 1. Overall survival from initiation of first-line therapy in all
patients with metastatic renal cell carcinoma (mRCC) treated between
2008 and 2020 (n=213). 



(aRCC). Japanese patients with aRCC in the IMDC
intermediate/poor-risk group tended to have longer OS when
they were treated with nivolumab plus ipilimumab rather than
sunitinib (16). In real-world clinical practice in the early years
of the ICI era, most patients received ICI therapy as a second-
or later-line therapy (17, 18). In the first large retrospective
study of ICI therapy including 90% of patients with clear cell
and 10% with non-clear cell carcinoma, conducted by the
IMDC study group, the median OS was not reached
(95%CI=NR-NR) in the favorable-risk group, was 26.7 months
(95%CI=20.6-48.5) in the intermediate-risk group, and 7.4
months (95%CI=4.8-16.7) in the poor-risk group (p<0.0001),
in the second-line setting. These findings confirmed that the
IMDC classification also divided patients into appropriate risk
groups in the ICI era (17). Likewise, we have previously
demonstrated that, among patients treated with nivolumab as a
second- or later-line therapy, the estimated OS period and one-
year and two-year OS rates from initiation of nivolumab were
not reached and 91.1% and 86.2%, respectively (18).

Nevertheless, there are still few real-world reports evaluating
prognosis for mRCC patients receiving systemic therapy in the
ICI era in Japan (5). To address this gap, we compared the
treatment outcomes of systemic therapies started in 2016-2020
with those started in 2008-2015, because ICI therapy was
introduced into clinical practice in Japan in 2016, while TTs
were introduced in 2008. In 2016-2020, ICI therapy was

administered to a significantly larger proportion of patients
with mRCC, and OS was significantly better in our study. It
was previously reported that nivolumab administration
appeared to improve OS in patients with metastatic non-clear
cell RCC (5). In our study, although this trend was not
significant, ICI therapy was associated with longer OS. 

A larger number of treatment lines is reported to be
associated with prolonged OS (5, 19). In our study, however,
there was no significant difference in the number of
treatment lines between patients treated in 2016-2020 and
those treated in 2008-2015 (mean±SD; 1.9±1.1 vs. 2.0±1.2,
p=0.667). We previously reported that objective response
rate (ORR) and tumor shrinkage rate were significantly
better in patients who received axitinib after nivolumab
therapy than in patients who received axitinib after other
therapies (p=0.026 and p=0.012) (20). Another report also
demonstrated the efficacy of axitinib as a third-line therapy
after the failure of second-line nivolumab monotherapy (21).
Sequencing therapies in which ICI is followed by TKI may
also contribute to better OS in patients who started treatment
in 2016-2020. Recently, some clinical trials have suggested
that new regimens such as cabozantinib plus nivolumab and
lenvatinib plus pembrolizumab may contribute to better
clinical outcomes in mRCC patients (22, 23). It is our hope
that treatment outcomes for mRCC patients will continue to
improve year by year.
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Table II. Comparison of clinical factors as predictors of overall survival.

Variables                                                                                                                                            Univariate                                        Multivariate

                                                                                                                                        HR (95%CI)              p-Value             HR (95%CI)             p-Value

Age (years)                                                              ≥75 vs. <75                                 1.88 (1.09-3.04)            0.024                                                    NS
Gender                                                                     Male vs. female                          1.01 (0.66-1.58)            0.981                                                       
Karnofsky Performance Status                               <80 vs. ≥80                                 4.28 (2.72-6.61)          <0.0001          2.24 (1.38-3.57)           0.0014
Duration from diagnosis to treatment (years)       <1 vs. ≥1                                     2.56 (1.76-3.78)          <0.0001                                                  NS
Hemoglobin                                                             <LLN vs. ≥LLN                         2.63 (1.79-3.87)          <0.0001          1.80 (1.20-2.72)           0.0043
Corrected serum calcium (mg/dl)                          ≥10 vs. <10                                 4.18 (2.38-6.94)          <0.0001          2.98 (1.63-5.16)           0.0006
Platelet (cell count/μl)                                            ≥400×103 vs. <400×103             4.36 (2.42-7.39)          <0.0001                                                  NS
LDH (U/l)                                                                ≥ULN vs. <ULN                        3.30 (1.92-5.38)          <0.0001                                                  NS
Neutrophil (cell count/μl)                                       ≥4000 vs. <4000                         3.00 (2.02-4.50)          <0.0001          1.85 (1.19-2.89)           0.0063
Lymphocyte (cell count/μl)                                    <1000 vs. ≥1000                         1.34 (0.87-2.01)            0.174                                                       
Cytoreductive nephrectomy                                    Yes vs. No                                   0.34 (0.23-0.52)          <0.0001          0.57 (0.37-0.90)            0.015
Histology                                                                 Non-clear vs. Clear                     1.42 (0.84-2.28)            0.181                                                       
Metastasis at the time of diagnosis                        M1 vs. M0                                  2.29 (1.55-3.43)          <0.0001                                                  NS
ICI therapy                                                              Yes vs. No                                   0.69 (0.44-1.06)            0.089                                                       
Period of first-line therapy                                     2016-2020 vs. 2008-2015          0.43 (0.24-0.71)            0.0006          0.38 (0.21-0.65)           0.0002
IMDC risk classification                                                                                                                                  <0.0001                                                  NS
                                                                                 Intermediate vs. Favorable         2.95 (1.78-5.11)          <0.0001                                                    
                                                                                 Poor vs. Favorable                     9.43 (5.22-17.51)         <0.0001                                                    
                                                                                 Poor vs. Intermediate                 3.20 (2.00-5.02)          <0.0001                                                    

HR: Hazard ratio; CI: confidence interval; LLN: lower limit of normal range; ULN: upper limit of normal range; NS: not significant; LDH: lactate
dehydrogenase; IMDC: International Metastatic Renal Cell Cancer Database Consortium classification.



We conducted this retrospective study to confirm that OS
was better among mRCC patients who started treatment in
2016-2020 compared with those who started treatment in
2008-2015. A major limitation of our study is that it was a
small, retrospective study at a single institution. However,
no general clinical trials or no large prospective study have
been performed on mRCC patients in Japan. Our study,
showing the improvement of therapeutic outcomes
associated with the transition to new drug therapies for
patients with mRCC in real-world clinical practice in Japan
will therefore be useful.

In conclusion, OS was significantly better in mRCC
patients who started treatment in 2016-2020 than in those
who started treatment in 2008-2015, and the period in which
first-line therapy was started was the strongest predictor of
OS. Further study is necessary to evaluate the effect of ICI
therapy on OS in patients with mRCC.
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