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Abstract

Background Clinical trials have demonstrated the superior efficacy of immune checkpoint inhibitor (ICI)-based combina-
tion therapy over sunitinib, a multi-target tyrosine kinase inhibitor (TKI), in patients with advanced renal cell carcinoma.
However, such benefits have not been elucidated in populations outside of clinical trials.

Methods We retrospectively evaluated data from 467 patients with advanced renal cell carcinoma who received ICI-based
combination therapy or TKIs, as first-line therapy. Clinical outcome was compared between ICI-based combination therapy
and TKIs in each population divided according to trial eligibility.

Results Among 152 patients treated with ICI-based combination therapy and 315 patients treated with TKIs, 76 (50.0%)
and 156 (49.5%) were trial ineligible, respectively. Overall survival (p = 0.0072) and objective response rate (p < 0.0001)
were significantly higher in ICI-based combination therapy than in TKIs, but progression-free survival was comparable
(p = 0.681). In the trial-eligible population, overall survival was longer (p = 0.0906) and the objective response rate was
significantly higher (p = 0.0124) in ICI-based combination therapy than in TKIs. In the trial-ineligible population, overall
survival (p = 0.0208) and objective response rate (p = 0.0006) were significantly higher with ICI-based combination therapy
than with TKIs. A multivariate analysis also showed that ICI-based combination therapy was independently associated with
prolonged overall survival (hazard ratio, 0.47; p = 0.0016). Regardless of trial eligibility, progression-free survival did not
differ between ICI-based combination therapy and TKIs (trial eligible: p = 0.287; trial ineligible: p = 0.0708).
Conclusions The present study, using real-world data, provides evidence indicating the therapeutic benefit of ICI-based
combination therapy over TKIs for advanced renal cell carcinoma was more statistically significant in the trial-ineligible
population than in the trial-eligible population.

demonstrated the superior efficacy of ICI dual combination
therapy (i.e., immunotherapy [I0]-IO) and ICI plus TKI

1 Introduction

The therapeutic landscape for advanced renal cell carci-
noma (RCC) has undergone rapid advancement. In the era
of tyrosine kinase inhibitors (TKIs), the mainstay of sys-
temic therapy has shifted to immune checkpoint inhibitors
(ICIs). In the first-line setting, pivotal clinical trials have
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combination therapy (i.e., IO-TKI) over sunitinib, a multi-
target TKI [1-5]. Currently, ICI-based combination therapy
plays a central role in systemic therapy for advanced RCC
[6-8].

Confirming findings from clinical trials, real-world data
have also supported the superior outcomes in the ICI-based
combination therapy era compared with the previous TKI
era [9, 10]. In the real world, patient heterogeneity is much
greater than in clinical trials. Furthermore, there are more
patients with poor prognosticators in the real world, as clini-
cal trials generally set strict enrollment criteria and result in
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Half of the real-world patients with advanced renal cell
carcinoma were outside clinical trials in a systemic
therapy setting, including immune-checkpoint inhibitor-
based combination therapy and tyrosine kinase inhibi-
tors.

Immune-checkpoint inhibitor-based combination therapy
was more successful than tyrosine kinase inhibitors with
regard to the improvement of clinical outcomes in the
general population.

The therapeutic advantage of immune-checkpoint
inhibitor-based combination therapy was statistically
more significant among the trial-ineligible population
than in the trial-eligible population.

the exclusion of these potentially high-risk patients. In fact,
multiple studies have indicated that the oncological outcome
of patients not meeting the trial eligibility criteria was infe-
rior to that of trial-eligible patients with various types of
cancer treated with systemic therapy, including cytotoxic
chemotherapy and molecular-targeted therapy [11-16].

In the context of ICI-based therapy, such evidence is still
limited. We recently reported that patients with advanced
RCC, determined to be trial ineligible, had a comparable
outcome profile to that of a trial-eligible population in ICI-
based combination therapy [17]. Another recent study also
suggested that survival was not inferior in trial-eligible com-
pared to trial-ineligible populations treated with pembroli-
zumab for previously treated advanced urothelial carcinoma
[18]. Conversely, a large cohort study using a database of
multiple cancer types showed inferior survival in a trial-inel-
igible population than in a trial-eligible population receiving
ICI-based therapy [19]. Therefore, as data on the efficacy of
ICI-based combination therapy for cancer, including RCC,
in the population outside clinical trials remain limited and
conflicting, further knowledge about this field is necessary.

Clinical trials have demonstrated the feasible efficacy of
ICI-based combination therapy for advanced RCC [1-5],
but caution is needed for the direct application of trial data
to real-world patients because a subset of them lies outside
the trials and we do not have solid data on outcome profiles
in such populations. In other words, evidence that shows
the superiority of ICI-based combination therapy over TKIs
based on trial eligibility in real-world patients is not fully
available.

In this context, we retrospectively analyzed the differ-
ences in outcomes between ICI-based combination therapy
and TKIs for patients with advanced RCC based on trial
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eligibility using data from multiple institutions in a real-
world setting.

2 Patients and Methods
2.1 Patient Selection and Study Design

The study protocol was approved by the Institutional Eth-
ics Review Board of Tokyo Women’s Medical University
(ID:2020-0009). This study was performed in accordance
with the principles outlined in the Declaration of Helsinki
of 1964 and its subsequent amendments. The requirement
of informed consent was waived owing to the retrospective
observational nature of this study. All clinical and laboratory
data were obtained from electronic databases and medical
records.

At our department and at four affiliated institutions, 507
patients with advanced RCC received at least one adminis-
tration of TKIs or IClISs as first-line therapy between January
2008 and August 2022. From these, we excluded 12 patients
who received drugs as adjuvant therapy after radical surgery
and 28 patients whose clinical data, including the follow-up
period, were insufficient. The remaining 467 patients were
evaluated in this retrospective multi-institutional study.

Patients were assessed for trial ineligibility when they
met at least one of the following criteria: Karnofsky Perfor-
mance Status score < 70%, hemoglobin level < 9.0 g/dL,
estimated glomerular filtration rate < 40 mL/min/1.73 m?,
platelet count < 100,000/uL, neutrophil count < 1500/ pL,
and non-clear cell histology or brain metastasis, according to
a previous study [19]. Even if data were missing for one or
several factors, patients were determined to be trial ineligi-
ble if they had at least one trial-ineligible factor. Based on a
previous study, patients were determined to be trial eligible
if they had no trial-ineligible factors, even if data were miss-
ing for the other factors [11].

The patients were further divided according to treat-
ment class into ICI-based combination therapy and TKIs.
We compared progression-free survival (PFS) and overall
survival (OS) after initiation of treatment and the objective
response rate (ORR) during treatment based on trial eligibil-
ity between ICI-based combination therapy and TKIs.

2.2 Treatment Protocol of ICI-Based Combination
Therapy and TKIs

Monotherapy with a TKI was the standard of care for
patients with advanced RCC between January 2008 and
August 2018. Sorafenib was administered as first-line
therapy but was subsequently replaced by sunitinib or
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pazopanib. The sunitinib schedule adopted in our institu-
tions consisted of an alternative 2-week-on/1-week-off pat-
tern, based on previous studies [20-22]. Sorafenib or pazo-
panib was preferred in patients with severe comorbidity such
as end-stage renal disease requiring maintenance dialysis
therapy [23-25]. Axitinib or cabozantinib has not been used
as first-line therapy to date.

In September 2018, ICI-based combination therapy was
implemented. Nivolumab plus ipilimumab was selected
for intermediate-risk or high-risk patients with the Inter-
national Metastatic Renal Cell Carcinoma Database Con-
sortium (IMDC) risk classification. From December 2019,
pembrolizumab plus axitinib was selected in all patients,
regardless of the IMDC risk, as presurgical therapy for
locally advanced cases, or in patients histopathologi-
cally diagnosed with papillary RCC, based on our previ-
ous findings [26]. At approximately the same time, ave-
lumab plus axitinib was preferentially selected in IMDC
favorable-risk patients, older aged patients, or those with
severe comorbidities who were considered intolerable
to steroid administration when immune-related adverse
events (AEs) developed (e.g., uncontrolled diabetes mel-
litus) as this combination therapy was reported to rela-
tively lower the risk of immune-related AE development
requiring corticosteroid therapy than other regimens [3].
From September 2021, cabozantinib plus nivolumab was
selected in all patients regardless of the risk of IMDC but
was preferred in patients who required early tumor shrink-
age because of disease-related symptoms or as presurgical
therapy for locally advanced cases, as this combination
therapy was reported to have a relatively higher effect on
tumor response than other regimens [4]. From February
2022, lenvatinib plus pembrolizumab was selected based
on the same criteria as those applied to cabozantinib plus
nivolumab, as this combination therapy had a higher effect
on tumor response than other regimens [5].

Until August 2018, selection of treatment classes was
limited to TKI monotherapy because of drug availability.
Since September 2018, treatment classes including ICI-
based combination therapy and TKI monotherapy could
be selected; however, ICI-based combination therapy was
selected at our affiliated institutions by principle. Never-
theless, whether ICI-based combination therapy or TKI
monotherapy was selected and which regimens or drugs
among ICI-based combination therapy or TKI monother-
apy were selected, the final decision depends on the choice
of physicians.

Post-treatment follow-up computed tomography of the
chest, abdomen, and pelvis was performed at regular 4-week
to 12-week intervals depending on the patient’s condition.
Magnetic resonance imaging or positron emission tomogra-
phy/computed tomography was performed when necessary.
A brain scan was also performed when necessary. Any drugs

were administered until radiographic or clinical disease pro-
gression or intolerable AEs occurred. Tumor response was
assessed using RECIST version 1.1 [27].

2.3 Statistical Analysis

Continuous variables were analyzed using the Mann—Whit-
ney U test and categorical variables were analyzed using
the Fisher’s exact test. Progression-free survival was cal-
culated from the initiation of treatment until disease pro-
gression or death, whichever occurred first. Overall survival
was calculated from the initiation of treatment to death from
any cause. Patients lost to follow-up were censored at the
time of last contact. Survival data up to the end of Octo-
ber 2022 were obtained. Survival was calculated using the
Kaplan—Meier method and compared using the log-rank test.
Univariate and multivariate analyses using Cox proportional
hazard regression models were conducted to identify risk
factors for survival. Risks are expressed as hazard ratios with
95% confidence intervals (ClIs). Statistical significance was
set at p < 0.05.

3 Results
3.1 Trial Eligibility Profile and Patient Background

Of a total of 467 patients, 152 (32.5%) and 315 (67.4%)
were treated with ICI-based combination therapy or TKIs,
respectively. In each treatment group, 76 (50.0%) and 156
(49.5%) patients, respectively, did not meet the trial eli-
gibility criteria and this rate was comparable between the
two treatment groups (p = 1.000). Detailed trial eligibility
profiles are shown in Table 1. The number of patients with
multiple factors who were determined to be trial ineligible
was comparable between the two treatment groups (n = 25
[16.4%] vs n =51 [16.2%], p = 0.995). The most common
factor was kidney dysfunction (i.e., low estimated glomer-
ular filtration rate) in both groups (ICI-based combination
therapy: n = 35 [23.0%]; TKIs: n = 103 [32.7%]), and this
rate was significantly higher in TKIs than in ICI-based
combination therapy (p = 0.0395).

We aimed to evaluate outcome differences between
ICI-based combination therapy and TKIs based on trial
eligibility, we first compared patient backgrounds between
ICI-based combination therapy and TKIs in trial-eligible
and trial-ineligible populations (Table 2). The number of
patients who underwent nephrectomy prior to the initiation
of systemic therapy was significantly lower for ICI-based
combination therapy compared with TKIs in the trial-
eligible population (n = 51 [67.1%] vs n = 145 [91.2%],
p < 0.0001) and in the trial-ineligible population (n = 51
[67.1%] vs n = 136 [87.2%], p = 0.0006). Conversely,
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Table 1 Profile of trial eligibility

Variables ICI-based combination therapy (n = TKIs (n = 315) p value
152)

Number of trial-ineligible patients 76 (50.0%) 156 (49.5%) 1.000

Number of factors considered for trial ineligibility 0.995%
0 76 (50.0%) 159 (50.5%)
1 51 (33.6%) 105 (33.3%)
2 22 (14.5%) 40 (12.7%)
3 3(1.97%) 10 3.17%)
4 0 0
5 0 1 (0.32%)

Karnofsky performance status score 0.161
<70 22 (14.5%) 31 (9.84%)

Serum hemoglobin levels, g/dL 0.855
<9.0 11 (7.24%) 25 (7.94%)

eGFR, mL/min/1.73 m* 0.0395
<40 35 (23.0%) 103 (32.7%)

Platelet count/mm> 1.000
< 100,000 2 (1.32%) 5 (1.59%)

Neutrophil count/mm? 1.000
< 1500 0 2 (0.63%)

Histopathology 0.181
Non-clear cell renal cell carcinoma 30 (19.7%) 46 (14.6%)

Brain metastasis status 1.000
Presence 4 (2.63%) 8 (2.54%)

eGFR estimated glomerular filtration rate, /C/ immune checkpoint inhibitor, TKIs tyrosine kinase inhibitors

#Analyzed 0 vs 1 vs 2 or more

other factors regarding patient background were not sig-
nificantly different between the two treatment groups, in
both the trial-eligible and trial-ineligible populations (all,
p > 0.05).

3.2 Survival Between ICI-Based Combination
Therapy and TKIs Based on Trial Eligibility

Overall, 335 and 240 patients experienced disease progres-
sion and died of any cause, respectively, during the median
follow-up period of 18.0 months (interquartile range:
7.89-35.4). Progression-free survival was not signifi-
cantly different between ICI-based combination therapy
and TKIs (median: 10.2 [95% CI 6.71-16.1] vs 9.86 [95%
CI 8.58-12.1] months, p = 0.681) (Fig. 1a), while OS was
significantly longer in ICI-based combination therapy than
in TKIs (median: not reached (N.R.) [31.0-N.R.] vs 26.1
[21.1-32.6] months, p = 0.0072) (Fig. 1b).
Furthermore, we compared survival between ICI-
based combination therapy and TKIs according to trial
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eligibility. In the trial-eligible population, PFS was not
significantly different between the two treatment groups
(median: 13.1 [7.66-24.0] vs 14.7 [12.0-19.1] months,
p = 0.287) [Fig. 2a and Table 1 of the Electronic Sup-
plementary Material [ESM]). Conversely, OS was likely
to be longer in ICI-based combination therapy than in
TKIs, but the difference was not statistically significant
(median: N.R. [31.0-N.R.] vs 43.0 [31.5-74.3] months,
p = 0.0906) [Fig. 2b and Table 1 of the ESM]. In the
trial-ineligible population, PFS was likely to be longer
in ICI-based combination therapy than in TKIs, but the
difference was not statistically significant (median: 7.36
[4.54-13.3] vs 6.15 [5.06-7.89] months, p = 0.0708)
[Fig. 2a and Table 1 of the ESM]. In contrast, OS was sig-
nificantly longer in ICI-based combination therapy than
in TKIs (median: 33.7 [20.8-38.4] vs 17.8 [14.1-22.5]
months, p = 0.0208) [Fig. 2b and Table 1 of the ESM].
Furthermore, we performed univariate and multivariate
analyses to determine whether differences in systemic
therapy (i.e., ICI-based combination therapy vs TKIs)
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Table 2 Patient background according to trial eligibility
Variables Trial-eligible population (n = 235) Trial-ineligible population (n = 232)
ICI-based combina- TKlIs (n =159) pvalue ICl-based combina- TKIs (n=156) p value
tion therapy (n = 76) tion therapy (n = 76)
Age, years 0.889 0.0691
> 65 (ref. < 65) 37 (48.7%) 80 (50.3%) 47 (61.8%) 76 (48.7%)
Sex 0.751 1.0000
Male (ref. female) 56 (73.7%) 120 (75.5%) 54 (711.1%) 111 (71.2%)
Prior nephrectomy <0.0001 0.0006
Presence (ref. absence) 51 (67.1%) 145 (91.2%) 51 (67.1%) 136 (87.2%)
Histopathology 0.296 0.282
Clear-cell renal cell carcinoma 68 (89.5%) 149 (93.7%) 37 (48.7%) 92 (59.0%)
Non-clear-cell renal cell carcinoma 0 0 30 (39.5%) 46 (29.5%)
Unknown 8 (10.5%) 10 (6.29%) 9 (11.8%) 18 (11.5%)
IMDC risk 0.125 0.0861
Favorable 10 (13.2%) 25 (15.7%) 1(1.32%) 15 (9.62%)
Intermediate 44 (57.9%) 101 (63.5%) 50 (65.8%) 92 (59.0%)
Poor 19 (25.0%) 21 (13.2%) 25 (32.9%) 47 (30.1%)
Unknown/N.A. 3 (3.95%) 12 (7.55%) 0 2 (1.28%)
Drugs <0.0001 <0.0001
ICI-based combination therapy 76 (100%) 0 76 (100%) 0
Nivolumab plus ipilimumab 36 (47%) 0 56 (74%) 0
Pembrolizumab plus axitinib 15 (20%) 0 8 (11%) 0
Avelumab plus axitinib 6 (8%) 0 5(7%) 0
Cabozantinib plus nivolumab 12 (16%) 0 6 (8%) 0
Lenvatinib plus pembrolizumab 7 (9%) 0 1(1%) 0
TKI monotherapy 0 159 (100%) 0 156 (100%)
Sorafenib 0 51 (32%) 0 65 (42%)
Sunitinib 0 84 (53%) 0 72 (46%)
Pazopanib 0 24 (15%) 0 19 (12%)
Number of metastatic organs 0.486 0.123
Multiple (ref. single) 34 (44.7%) 80 (50.3%) 42 (55.3%) 68 (43.6%)
Lung metastasis status 0.127 0.256
Presence (ref. absence) 48 (63.2%) 117 (73.6%) 49 (64.5%) 87 (55.8%)
Bone metastasis status 0.124 0.625
Presence (ref. absence) 11 (14.5%) 37 (23.3%) 20 (26.3%) 36 (23.1%)
Liver metastasis status 0.0938 0.565
Presence (ref. absence) 14 (18.4%) 16 (10.1%) 10 (13.2%) 26 (16.7%)
Lymph node metastasis status 0.530 0.370
Presence (ref. absence) 18 (23.7%) 45 (28.3%) 28 (36.8%) 47 (30.1%)
Follow-up period, months® 14.5 (6.58-27.0) 31.2 (14.9-56.5) <0.0001 13.2 (4.48-23.7) 14.4 (5.70-29.7)  0.0863

ICI immune checkpoint inhibitor, /IMDC International Metastatic Renal Cell Carcinoma Database Consortium, N.A. not applicable, ref reference,

TKlIs tyrosine kinase inhibitors

*Median (range)

were independently associated with OS in the trial-inel-
igible population. The analyses showed that ICI-based
combination therapy was independently associated with

prolonged OS (hazard ratio: 0.47 [95% CI 0.29-0.75], p

= (0.0016) (Table 3).

3.3 Tumor Response Between ICI-Based
Combination Therapy and TKIs Based on Trial
Eligibility

Next, we compared tumor response rates between ICI-based
combination therapy and TKIs based on trial eligibility. In
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general, the ORR was significantly higher in ICI-based
combination therapy than in TKIs (48.7% vs 27.6%, p <
0.0001) [Fig. 3 and Table 2 of the ESM]. When analyzed
according to trial eligibility, ORRs were significantly higher
in ICI-based combination therapy than in TKIs both in trial-
eligible populations (51.3% vs 34.0%, p = 0.0124) and in
trial-ineligible populations (46.1% vs 21.2%, p = 0.0006).
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3.4 Impact of Trial Ineligibility on Survival
and Tumor Response

We previously reported that a substantial number of patients
harboring multiple factors were considered to be ineligible
for participation in clinical trials in the real-world setting of
molecular-targeted therapy for advanced RCC, and notably,
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such patients had worse OS [16]. Indeed, the present cohort
showed that 16.3% of the patients (76/467) exhibited multi-
ple trial-ineligible factors (Table 1).

We focused on survival and tumor response rates in this
population. In patients with a single trial-ineligible factor,
OS was not significantly different between ICI-based combi-
nation therapy and TKIs (median: 33.7 [95% CI 20.8-N.R.]
vs 22.5 [15.5-28.0] months, p = 0.205) [Fig. 4a and Table 3
of the ESM]. Conversely, in patients with multiple trial-
ineligible factors, OS was significantly longer in ICI-based
combination therapy than in TKIs (median: 38.4 [11.4-38.4]
vs 11.6 [5.62—17.8] months, p = 0.0248). Regarding ORRs,
both in patients with single and multiple trial-ineligible

factors, ORRs were significantly higher in ICI-based com-
bination therapy than in TKIs (patients with a single trial-
ineligible factor: 47.1% vs 25.7%, p = 0.0295; patients with
multiple factors: 44.0% vs 11.8%, p = 0.0056) [Fig. 4b and
Table 2 of the ESM].

4 Discussion

This retrospective study evaluating systemic therapy in
patients with advanced RCC in a real-world setting showed
that half of the patients would have been ineligible for
clinical trials. In the overall cohort, ICI-based combination
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Table 3 Univariate and multivariate analyses of overall survival in the trial-ineligible population

Variables Univariate Multivariate
HR (95% CI) p value HR (95% CI) p value

Age, years 0.945
> 65 (ref. < 65) 0.99 (0.71-1.38)

Sex 0.697
Male (ref. female) 0.93 (0.64-1.35)

Prior nephrectomy 0.0065 0.597
Presence (ref. absence) 0.54 (0.35-0.84) 0.84 (0.44-1.60)

Histopathology <0.0001 0.0082
Clear-cell renal cell carcinoma Ref. - Ref. -
Non-clear-cell renal cell carcinoma 1.63 (1.12-2.39) 0.0115 1.45 (0.98-2.16) 0.0662
Unknown 3.38 (2.00-5.71) <0.0001 2.72 (1.39-5.33) 0.0035

IMDC risk 0.0003 0.0041
Favorable 0.56 (0.27-1.16) 0.116 0.57 (0.27-1.23) 0.152
Intermediate Ref. - Ref. -
Poor 2.02 (1.39-2.92) 0.0002 1.88 (1.22-2.89) 0.0039
Unknown/N.A. 3.01 (0.41-21.9) 0.276 4.25(0.57-31.4) 0.157

Number of metastatic organ sites 0.0203 0.217
Multiple (ref. single) 1.49 (1.06-2.09) 1.28 (0.86-1.90)

Lung metastasis status 0.864
Presence (ref. absence) 1.03 (0.73-1.45)

Bone metastasis status 0.0388 0.698
Presence (ref. absence) 1.49 (1.02-2.17) 1.09 (0.70-1.69)

Liver metastasis status <0.0001 0.0004
Presence (ref. absence) 2.77 (1.83-4.21) 2.20(1.42-3.42)

Lymph node metastasis status 0.0902
Presence (ref. absence) 1.36 (0.95-1.94)

Systemic therapy 0.0223 0.0016

ICI-based combination therapy (ref. TKIs)

0.60 (0.39-0.93)

0.47 (0.29-0.75)

CI confidence interval, HR hazard ratio, /CI immune checkpoint inhibitor, /JMDC International Metastatic Renal Cell Carcinoma Database Con-

sortium, N.A. not applicable, ref. reference, TKIs tyrosine kinase inhibitors

therapy induced significantly higher efficacy than TKIs in
terms of OS and ORR, which was in line with previous
findings from pivotal clinical trials [1-5]. According to trial
eligibility, in the trial-eligible population, OS was likely
to be higher and the ORR was significantly higher in ICI-
based combination therapy than in TKIs. In contrast, in the
trial-ineligible population, OS and ORR were significantly
higher in ICI-based combination therapy than in TKIs. The
multivariate analysis also showed that ICI-based combina-
tion therapy was independently associated with prolonged
OS. These data suggest that the superiority of oncological
efficacy of ICI-based combination therapy over TKIs was
more significant in populations outside clinical trials than
in trial-eligible populations.

Clinical trials are designed to assess the mean effect of
the experimental treatment in a highly selected study popu-
lation. Patients with potentially unfavorable clinical factors,
such as organ dysfunction or poor general condition, are
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generally excluded. Thus, the effects of a new drug examined
in clinical trials may not always be the same in a clinical set-
ting [28]. Importantly, the real-world population generally
harbors strong heterogeneity, simultaneously involving the
aforementioned risk factors. According to previous reports,
approximately 30-60% of patients in the real world are
outside of clinical trial eligibility [11, 13, 14, 16-19, 29].
Importantly, this population had poorer outcomes follow-
ing systemic therapy, including molecular-targeted therapy
or cytotoxic chemotherapy, compared with the trial-eligible
population [11-14, 16].

We found that ICI-based combination therapy improved
the clinical outcomes of patients in the real world com-
pared with TKIs in the overall cohort, which agreed with
previous findings of clinical trials [1-5]. In particular, such
a therapeutic benefit was more prominent in the population
outside of clinical trials than in the population eligible for
trials. This finding can be explained by several hypotheses.
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First, previous trials have shown that ICI-based combina-
tion therapy successfully maintained quality of life better
than sunitinib [4, 30, 31]. Furthermore, the profile of AEs,
especially in severe cases (i.e., grade 3 or higher) during
ICI-based combination therapy, was comparable between
the trial-eligible and trial-ineligible populations, as previ-
ously reported [17]. Taken together, ICIs can exhibit an
acceptable safety profile even in this challenging popula-
tion [32, 33], resulting in avoidance of withdrawal from
treatment. Otherwise, the development of AEs often
requires a dose reduction or interruption of administration,
and this event directly decreases dose intensity. In TKI
treatment, such a reduction in dose intensity can decrease
the efficacy of treatment [34—-36]. In contrast, in ICI-based
therapy, AEs (immune-related AEs) may not be associ-
ated with the deterioration of an outcome [37-39]. Taken
together, the absence of the negative impact of AEs in ICI-
based combination therapy may contribute to improved
outcomes in trial-ineligible populations.
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Another possible reason is the higher efficacy of ICI-
based combination therapy in patients with non-clear-cell
histology such as papillary RCC. Cabozantinib is an inhibi-
tor of MET, which has been identified as constitutionally
activated in inherited papillary RCC and in a subset of spo-
radic cases [40, 41]. Several trials have demonstrated a fea-
sible effect of cabozantinib-containing therapy in patients
with papillary RCC [42, 43]. In addition, it is expected that
patients with advanced RCC have a higher prevalence of
chronic kidney disease because a substantial number of
patients have undergone nephrectomy prior to the initiation
of systemic therapy. The outcome in patients with severe
kidney dysfunction, including end-stage renal disease, was
reported to be worse than that in the general population [24,
44]. In particular, recent studies have shown the feasible effi-
ciency and safety profile of nivolumab in patients with end-
stage renal disease [45, 46]. Thus, ICI-based combination
therapy improved results even in trial-ineligible populations,
including patients with kidney dysfunction.

Interestingly, based on the PFS or OS even in trial-eligi-
ble populations, our data did not show the distinct therapeu-
tic advantage of ICI-based combination therapy over TKIs,
which is inconsistent with the findings of previous clinical
trials [1-5], although it may be still difficult to interpret our
findings owing to a relatively short duration of follow-up.
Indeed, the tendency of longer OS in ICI-based combina-
tion therapy over TKIs was observed (p = 0.0906, Table 1
of the ESM). Even so, this finding may be explained by the
hypothesis that some trial-eligible populations in the real
world inherently harbor poor prognostic factors that are not
clearly manifested. Otherwise, even eligible patients in the
real world frequently have comorbidities and may be older
adults, which potentially achieve fewer therapeutic benefits
from ICI-based combination therapy. Potentially existing dif-
ferences in race or medical insurance systems between Japan
and other areas of the world may also affect the findings.
Some Japanese subgroup analyses of pivotal trials showed
the absence of a statistically significant survival benefit of
ICI-based combination therapy over sunitinib, although the
data are difficult to interpret statistically because of the small
sample size [47—-49].

This study has several limitations. First, the retrospective
nature of the study, which was conducted with a relatively
small sample size, inevitably induced selection bias, which
might have affected the findings. Second, the short duration
of follow-up made it difficult to interpret survival data, espe-
cially in the OS of patients treated with ICI-based combina-
tion therapy. Third, we compared the efficacy of ICI-based
combination therapy with TKIs as a historical control, but
the strategy of subsequent therapy has also improved in the
ICI-based combination therapy era compared with the TKI
era, potentially affecting survival, especially OS.
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5 Conclusions

The present study indicated that there are a substantial
number of patients outside of clinical trial eligibility in the
setting of systemic therapy for advanced RCC. Immune
checkpoint inhibitor-based combination therapy contrib-
uted to improve clinical outcomes compared with TKIs in
the general population. Furthermore, this therapeutic ben-
efit was more significant in populations outside of clinical
trial eligibility than in populations eligible for trials. These
findings support the application of ICI-based combination
therapy for patients with advanced RCC in the real world,
even though the real-world population comprises patients
with strong heterogeneity, as well as those potentially having
poor prognosticators.
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