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Abstract
Purpose: With the integration of immunotherapy (IO) agents in the management of metastatic renal cell carcinoma (mRCC), there
has been interest in the combined use with radiation therapy (RT). However, real world data are limited. The purpose of this study was
to evaluate outcomes in patients with mRCC receiving both RT and IO compared with IO alone.
Methods and Materials: Data were collected from Canadian Kidney Cancer Information System from January 2011 to September
2019 across 14 academic centers. Patients with mRCC who received IO as ﬁrst- or second-line therapy were included. RT was
categorized as radical dose or palliative dose. Kaplan-Meier estimates were reported for overall survival (OS) and time to treatment
failure. Cox proportional hazard models were used adjusted for age and International Metastatic RCC Database Consortium risk
categories.
Results: In total, 505 patients were included in the study: 179 received RT + IO and 326 received IO alone. Two-year OS for the
RT + IO group was 55.0% compared with 66.4% in the IO alone cohort (adjusted hazard ratio [aHR], 1.38; P = .07). At 2 years, 12.2%
of the RT + IO patients remained on therapy versus 30.9% in the IO alone group (aHR, 1.30; P = .02). For patients receiving ﬁrst-line
therapy, 2-year OS in the RT + IO group was 56.4% versus 78.4% in the IO alone arm, though this difference was not statistically
signiﬁcant (aHR, 1.23; P = .56). For patients receiving radical dose and palliative dose, 2-year OS was 57.0% and 53.9%, respectively
(aHR, 0.86; P = .63).
Conclusions: In this descriptive analysis, more than one-third of patients with mRCC received RT and demonstrated inferior
outcomes compared with IO alone. Potential explanations include greater presence of adverse metastatic sites in those receiving RT.
Prospective clinical trials evaluating potential beneﬁts of RT in an IO era remain an important need.
© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Over the past decade, the management of metastatic
renal cell carcinoma (mRCC) has improved signiﬁcantly,
and increased understanding of the pathways driving disease progression have allowed for rapid development in
systemic treatment. With the introduction of immunotherapy (IO) agents, substantial advancements have been
made in mRCC, both in the pretreated and untreated settings.1 Nivolumab alone and in combination with ipilimumab have been shown to improve survival and offer
durable responses in large randomized trials.2,3 Furthermore, pembrolizumab in combination with either axitinib
or lenvatinib and nivolumab combined with cabozantinib
have also been approved in the front-line mRCC setting.1,4-6
Although mRCC was traditionally considered resistant
to radiation therapy (RT), there are now data to show this
is not the case.7 With improved outcomes and longer survival associated with innovations in modern systemic
treatment, RT has increasingly been considered for
selected patients with mRCC with oligometastases or oligoprogression on systemic therapy. Furthermore, with the
evolution of RT treatment platforms and immobilization
techniques facilitating stereotactic body radiation therapy
(SBRT), it has been hypothesized that higher doses of
radiation in fewer fractions may increase this immunogenic effect while overcoming the innate radioresistance
of RCC.8 However, there are not clear guidelines for combining RT and IO in mRCC. There is a need to better
understand the relationship between these interventions,
particularly regarding optimal patient selection, treatment
sequencing, and RT dose-fractionation schedules.

Despite the evolving role of RT in patients receiving IO
therapy, real world data remain limited at this time. Several retrospective studies have investigated the use of
interleukin-2 (IL-2) and RT but with small sample sizes,
and checkpoint inhibitors have only been examined in
combination with RT in case reports.9-14 Our study aimed
to describe the outcomes of patients who have received
both RT and IO therapy compared with those treated
with IO alone using a large prospectively maintained
mRCC cohort.

Methods and Materials
Data collection
Data were collected from the Canadian Kidney Cancer
Information System, a curated prospective cohort of
patients with kidney cancer from 14 academic centers
across Canada, shown to be generalizable to the entire
kidney cancer population in the country.15 All Canadian
Kidney Cancer Information System−participating centers
obtained the appropriate local ethics board approval to
collect deidentiﬁed patient information. Patients included
had a conﬁrmed diagnosis of mRCC and received IO as
ﬁrst- or second-line therapy from January 2011 to September 2019 with at least 3 months of follow-up from the
date of IO initiation. To be included, RT could be administered up to 1 month before the start of IO or anytime
during IO therapy, and these patients were classiﬁed as
the RT + IO cohort. Patients who died ≤3 months after
RT were excluded. Those who received RT were categorized as either having a radical dose (RRT) or palliative
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dose (PRT) as recorded by the individual centers. RRT
was deﬁned as a dose of ≥10 Gray (Gy) for single fraction
treatments or ≥5 Gy and/or a biological effective dose of
≥40 Gy for multifraction treatment, assuming an alphabeta ratio of 10. Dose fractionation schedules that were
lower than this were considered palliative. Patients could
have multiple courses of RT, with any radical dosing categorizing them into the RRT cohort. Patients who did not
receive any RT around the time of IO as described previously were considered the IO alone cohort. Patient demographics, clinical information, and baseline prognostic
data were collected. Treatment details including IO timing, RT dose-fractionation, and RT target are summarized.

Endpoints
Overall survival (OS) was deﬁned as the time from IO
initiation until death from any cause or a censoring event.
Time to treatment failure (TTF) was deﬁned as time from
initiation of IO to date of discontinuation of IO, death
from any cause, or a censoring event.

Statistical analysis
Descriptive statistics were reported as frequency and
proportion for categorical variables. Mean and standard
deviation were reported for normally distributed continuous variables while median and interquartile range
were reported for nonnormally distributed continuous
variables. Kaplan-Meier estimates and the corresponding 95% conﬁdence intervals (CIs) were reported for
OS and TTF comparing the RT + IO and the IO alone
groups. Log-rank tests were used to compare the
Kaplan-Meier curves. Cox proportional hazard models
were used for OS and TTF adjusting for age as a continuous variable and International Metastatic RCC
Database Consortium (IMDC) risk categories. Adjusted
hazard ratio (aHR) and the corresponding 95% CIs
were reported. All statistical analyses were conducted
using SAS version 9.3 software (SAS Institute Inc,
Cary, NC). A P value less than .05 was used for statistical signiﬁcance.

Results
Patient characteristics and treatment details
A total of 505 patients were included in the study, with
a median age of 63 (range, 34-92) (Table 1). The majority
of patients were male (77.7%) with clear cell histology
(73.7%). Overall, 179 patients received RT + IO, while
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326 had IO alone. Karnofsky performance status was balanced between groups, with 81.1% of patients having a
Karnofsky performance status score of 80% or higher
overall. Patients in the RT + IO group had a greater
number of brain (21.8% vs 5.8%; P < .01) and bone
metastases (59.2% vs 23.5%; P < .01) compared with
those in the IO alone group. A total of 234 patients
received ﬁrst-line combination IO, most commonly ipilimumab and nivolumab, while 271 received second-line
monotherapy with nivolumab. There were signiﬁcant differences in IMDC risk groups and presence of bone and
brain metastases between the RT + IO and IO alone
cohorts (Table 1, Table EA).
Within the RT + IO group, 48 patients were categorized as having RRT and 131 as PRT. The most common dose fractionation schedule in the RRT cohort was
30 Gy in 5 fractions (20.8%), and in the PRT group it
was 8 Gy in a single fraction (28.2%) (Table 2). The
most common sites treated with RT were bone (60.9%)
followed by brain (17.3%). In regards to treatment
sequence, 25.1% of patients received RT before starting
IO, 27.4% had RT within 3 months after IO initiation,
and 47.5% had RT greater than 3 months after the IO
start date.

Clinical outcomes
The overall median follow-up was 13.9 months
(range, 0.7-78.6). Two-year OS for the RT + IO group
was 55.0%, compared with 66.4% in the IO alone cohort
(aHR, 1.38; 95% CI, 0.97-1.96; P = .07) (Fig 1). Patients
receiving RT + IO had a shorter TTF compared with
those who had IO alone, and at 2 years, 12.2% remained
on therapy with RT + IO versus 30.9% in the IO alone
group (aHR, 1.30; 95% CI, 1.03-1.65; P = .02) (Fig 2).
When comparing dose of RT, the RRT cohort had similar survival to the PRT arm, with 2-year OS rates of
57.0% and 53.9%, respectively (aHR, 0.86; 95% CI, 0.471.57; P = .63). There was no difference in proportion of
patients remaining on treatment at 2 years: 13.5% in the
RRT group and 11.9% in the PRT cohort (aHR, 0.99;
95% CI, 0.65-1.50; P = .96) (Fig 3 and 4).

First-line IO
Within the cohort receiving ﬁrst-line IO, the 2-year OS
in the RT + IO group was 56.4% versus 78.4% in the IO
alone arm, though this difference was not statistically signiﬁcant (aHR, 1.23; 95% CI, 0.60-2.53; P = .56). At 2 years,
3.8% of the RT + IO patients remained on treatment,
compared with 27.6% in the IO alone group (aHR, 1.48;
95% CI, 1.05-2.10; P = .03). For patients receiving RRT
and PRT, 2-year OS was 61.2% and 49.8%, respectively
(aHR, 0.54; 95% CI, 0.12-2.33; P = .40), and median TTF
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Patient baseline characteristics

Characteristic, n (%)

Radiation
therapy
+ IO (n = 179)

IO alone
(n = 326)

P value

Median age, y (IQR)

62 (35-88)

64 (34-92)

.02

Sex

.27

Male

144 (76.2)

250 (76.2)

Female

35 (19.6)

78 (23.8)

IMDC risk group

.03

Favorable

16 (11.3)

41 (15.0)

Intermediate

105 (73.9)

168 (61.3)

Poor

21 (14.8)

65 (23.7)

KPS <80%

21 (12.7)

42 (13.9)

Line of therapy

.72
.02

First-line IO*

70 (39.1)

164 (50.3)

Second-line IO

109 (60.9)

162 (49.7)

Bone metastases

106 (59.2)

77 (23.5)

<.01

Brain metastases

39 (21.8)

19 (5.8)

<.01

Nephrectomy

141 (78.8)

242 (74.2)

.21

Histology

.90

Clear cell

131 (81.9)

241 (78.5)

Clear cell papillary

3 (1.9)

12 (3.9)

Papillary

5 (3.1)

8 (2.6)

Chromophobe

3 (1.9)

5 (1.6)

Sarcomatoid

1 (0.6)

2 (0.7)

RCC NOS

11 (6.9)

19 (6.2)

Other

6 (3.8)

20 (6.5)

Abbreviations: IMDC = International Metastatic RCC Database Consortium; IO = immunotherapy; IQR = interquartile range; KPS = Karnofsky performance status; RCC = renal cell carcinoma; NOS = not otherwise speciﬁed
* Programmed cell death protein 1 (PD-1) inhibitor + Cytotoxic T lymphocyte-associated protein 4 (CTLA-4) inhibitor: 77.6%, PD-1 inhibitor +
Vascular endothelial growth factor receptor (VEGF-R) inhibitor: 9.8%, Programmed cell death ligand 1 (PD-L1) inhibitor + VEGF-R inhibitor:
7.3%, PD-L1 inhibitor + VEGF inhibitor: 5.3%.

was 2.2 months in the RRT group compared with 2.4
months with PRT (aHR, 1.45; 95% CI, 1.01-2.09; P = .04).
In an exploratory analysis of intent of RT, there was no
difference in OS comparing RRT (aHR, 0.50; 95% CI,
0.12-2.16; P = .35) or PRT (aHR, 1.60; 95% CI, 0.78-3.25;
P = .20) to IO alone (Fig. EB1). TTF also did not differ
signiﬁcantly between the RRT and IO alone groups (aHR,
1.32; 95% CI, 0.74-2.33; P = .34), but the PRT cohort had
statistically worse TTF compared with IO alone patients
(aHR, 1.45; 95% CI, 1.01-2.09; P = .04) (Fig. EB2).

Second-line IO
In patients who received second-line IO, there was no
difference in OS between the RT + IO and IO alone
cohorts, with 2-year OS rates of 52.2% and 57.1%,

respectively (aHR, 1.28; 95% CI, 0.85-1.92; P = .22). At
2 years, 17.6% of RT + IO patients remained on treatment, compared with 34.5% in the IO alone group,
though this was not statistically signiﬁcant (aHR, 1.27;
95% CI, 0.92-1.75; P = .14).

Discussion
In this real-world analysis of patients with mRCC
treated with IO, a signiﬁcant proportion also received RT.
Those who received RT + IO appeared to have worse OS
compared with those treated with IO alone; however, this
did not reach statistical signiﬁcance. TTF was worse in
the RT + IO group versus IO alone. This ﬁnding was also
apparent regardless of line of systemic IO therapy.
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Radiation therapy treatment details
RRT

n (%)

PRT

n (%)

30/5

10 (20.8)

8/1

37 (28.2)

20/1

7 (14.6)

20/5

36 (27.5)

24/2

6 (12.5)

30/10

25 (19.1)

12/1

6 (12.5)

12/2

6 (4.6)

21/1

5 (10.4)

17/2

3 (2.3)

35/5

4 (8.3)

15/5

3 (2.3)

Other

10 (20.8)

Other

21 (16.0)

Bone

19 (39.6)

Bone

90 (68.7)

Brain

22 (45.8)

Brain

9 (6.9)

Lung

4 (8.3)

Lung

5 (3.8)

Kidney

1 (2.1)

Kidney

4 (3.1)

Other

2 (4.2)

Other

23 (17.6)

≤1 mo before IO initiation

8 (16.7)

≤1 mo before IO initiation

37 (28.2)

Dose fractionation

Sites treated

Timing
≤3 mo after IO initiation

10 (20.8)

≤3 mo after IO initiation

39 (29.8)

>3 mo after IO initiation

30 (62.5)

>3 mo after IO initiation

55 (42.0)

Abbreviations: IO = immunotherapy; PRT = palliative dose; RRT = radical dose.

Fig. 1 Overall survival (OS) of radiation therapy (RT) + immunotherapy (IO) versus IO alone.
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Fig. 2
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Time to treatment failure (TTF) of radiation therapy (RT) + immunotherapy (IO) versus IO alone.

The outcomes in patients with mRCC also receiving radiation are potentially explained by differences in patient and
disease characteristics. The RT + IO group had a greater
proportion of patients who had brain and bone metastases,
which are known poor prognostic metastatic sites.16-18 Furthermore, the majority of the RT + IO patients received palliative dose-fractionation regimens with a higher proportion
undergoing second-line IO, selecting for those undergoing
RT with the primary intent of symptom relief and more
likely at a later stage of their disease process. In this study,
the receipt of RT was associated with both worsened TTF
and OS despite adjustment for IMDC criteria. The need for
RT in an unselected setting may be seen as a negative prognostic factor; however, this observation should be tempered
given the caveats of sample size and retrospective analysis.
Appropriate patient selection, speciﬁcally those with oligometastases or oligoprogression, may offer important additional beneﬁts to RT that cannot be deﬁned with granularity
from a mixed cohort such as this, despite adjustment for
important established prognostic variables.
The current study demonstrated that more than onethird of patients with mRCC treated in this IO era are also
receiving RT. This is in keeping with the growing evidence
supporting its use in metastatic disease for not only palliation, but also durable local control. The SABR-COMET
randomized phase II trial investigated SBRT to up to 5 sites

of metastatic disease with a small number of patients with
mRCC (2%) included.19 SBRT showed an improvement in
OS of 41 months, versus 28 months in the group receiving
no ablative therapy, and this was found to be signiﬁcant
within the screening phase II design. Speciﬁcally in the
mRCC population, SBRT outcomes are encouraging, with
Kothari et al20 showing 1-year local control of intra- and
extracranial metastases of 88% and 86%, respectively. Similarly, a phase 2 trial by Svedman et al21 demonstrated 98%
local control when using SBRT for extracranial disease in
primary and metastatic RCC, supporting the use of localized radical treatment especially in settings of otherwise
stable systemic disease.
Currently, prospective data combining SBRT with
systemic therapy are limited. In an interim analysis of
a phase 2 trial analyzing patients with mRCC receiving
IL-2, the addition of SBRT had a 2-fold increase in
response rates compared with IL-2 alone.22 A Canadian phase 2 trial using SBRT in 37 patients with metastatic RCC with oligoprogression while on sunitinib
or pazopanib has been reported.23 At a median followup of 11.6 months, the median progression-free survival (PFS) from study entry was 9.6 months, with the
vast majority of progression occurring outside of the
irradiated areas. The 2-year local control of the irradiated tumors was 96% and the 2-year OS from study
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Fig. 3 Overall survival (OS) of radical radiation therapy (RRT) versus palliative radiation therapy (PRT).

entry was 77%. The median time to a change in systemic therapy was 12.6 months, thus prolonging tyrosine kinase inhibitor usage.
Open questions remain regarding the interaction
between RT and IO and the potential ability for RT to
induce an “abscopal effect.” The optimal dose-fractionation required to potentiate the immune system and
leverage a synergistic outcome is not deﬁned, and preclinical evidence has shown wide dose ranges from as low as
12 Gy in a single fraction.24 Furthermore, there is debate
on the ideal sequencing of SBRT and IO to best stimulate
the immune system. For example, the initiation of IO
before RT is mechanistically optimal as it allows repriming of the immune system after checkpoint blockade.25
Conversely, data in mouse models have revealed that adding immunotherapy after completion of RT resulted in
signiﬁcantly higher antitumor immune response.26 In
current practice, RT should not be standardly used primarily to induce an abscopal effect in mRCC, and its role
in this paradigm should be considered predominantly
within conﬁnes of prospective studies.
To that end, there are several prospective randomized
trials investigating the immunomodulatory effect of RT in
combination with IO in mRCC. NIVES is a phase 2 singlearm study looking at SBRT (30 Gy in 3 fractions) to extracranial metastases in combination with nivolumab in

mRCC (ClinicalTrials.gov identiﬁer: NCT03469713). Preliminary results have been promising, showing an objective
response rate of 26.9% and disease control rate of 58.0%,
though this did not meet the primary endpoint.27 RADVAX RCC is evaluating the combination of dual immune
checkpoint inhibition plus targeted SBRT (50 Gy in 5 fractions) in patients with mRCC (ClinicalTrials.gov identiﬁer:
NCT03065179). The objective response rate was 56% at a
median follow-up of 24 months with a median PFS of 8.2
months, and it demonstrated similar toxicity to nivolumab
exposure.28 CYTOSHRINK is a phase II randomized trial
examining ipilimumab plus nivolumab with or without
SBRT to the primary disease using a dose of 30 to 40 Gy in
5 fractions (ClinicalTrials.gov identiﬁer: NCT04090710).
The primary endpoint is PFS at 2 years, with secondary
outcomes of OS and objective response rate.
Our results should be interpreted in the context of the
study design with limitations of a retrospective analysis.
There were baseline differences in the populations, particularly in regards to disease distribution, and thus, direct
comparisons between cohorts may be confounded. However, outcomes were adjusted for IMDC risk and age,
which are otherwise known prognostic factors in mRCC.
Another limitation was the categorization of RT treatment intent, and whether patients were treated with the
goal of controlling local disease or oligoprogression versus
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Fig. 4 Time of treatment failure (TTF) of radical radiation therapy (RRT) versus palliative radiation therapy (PRT).

true palliation. Although the indication was characterized
using RT treatment data, there may be discrepancies in
this classiﬁcation given the inaccessibility of clinical
reports and errors in data coding inherent to the database
collection process. In addition, although preclinical data
have suggested prescribing higher doses of RT to achieve
a sufﬁcient biological effective dose to induce the immune
system, the number of patients receiving higher radical
doses in this population was comparatively low, limiting a
comprehensive analysis of a clinical immunomodulatory
effect. Finally, the optimal timing of RT with IO is
unknown and the study allowed patients to receive RT up
to 1 month before starting immunotherapy to be comprehensive in this exploratory analysis. There are evolving
data to suggest that the procytotoxic immune effects of
RT may wane by 1 month posttreatment with suppressive
changes beginning to predominate.29

Conclusion
This retrospective analysis described the outcomes of a
large cohort of patients with mRCC receiving IO with or
without RT. OS and TTF of the RT + IO group were less
favorable compared with the IO alone cohort, likely due
to underlying treatment and disease factors creating a

negative selection bias. Given the confounding of the data
set and uncertainty regarding the utility of aggressive RT
in patients with mRCC, clinicians should be cautious in
selecting patients for combined modality therapy based
on performance status and metastatic burden. With several prospective trials ongoing, further research should be
directed toward case-matched investigations in subgroups
of interest, with a focus on RT timing and clarifying
appropriate dose-fractionation based on IO agent.

Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.adro.2022.
100899.
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