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Purpose: Immunotherapy (IO) has significantly improved outcomes in metastatic renal cell carcinoma (mRCC). Preclinical evidence
suggests that responses to IO may be potentiated via immunomodulatory effects of stereotactic radiation therapy (SRT). We
hypothesized that clinical outcomes from the National Cancer Database (NCDB) would demonstrate improved overall survival (OS) in
patients with mRCC receiving IO + SRT versus IO alone.
Methods and Materials: Patients with mRCC receiving first-line IO § SRT were identified from the NCDB. Conventional radiation
therapy was allowed in the IO alone cohort. The primary endpoint was OS stratified by the receipt of SRT (IO + SRT vs IO alone).
Secondary endpoints included OS stratified by the presence of brain metastases (BM) and timing of SRT (before or after IO). Survival
was estimated using Kaplan-Meier methodology and compared via the log-rank test.
Results: Of 644 eligible patients, 63 (9.8%) received IO + SRT, and 581 (90.2%) received IO alone. Median follow-up time was 17.7
months (range, 2-24 months). Sites treated with SRT included the brain (71.4%), lung/chest (7.9%), bones (7.9%), spine (6.3%), and
other (6.3%). OS was 74.4% versus 65.0% at 1 year and 71.0% versus 59.4% at 2 years for the IO + SRT and IO alone groups,
respectively, although this difference did not reach statistical significance (log-rank P = .1077). In patients with BM, however, 1-year
OS (73.0% vs 54.7%) and 2-year OS (70.8% vs 51.4%) was significantly higher in those receiving IO + SRT versus IO alone, respectively
(pairwise P = .0261). Timing of SRT (before or after IO) did not influence OS (log-rank P = .3185).
Conclusions: Patients with BM secondary to mRCC had prolonged OS with the addition of SRT to IO. Factors such as International
mRCC Database Consortium risk stratification, oligometastatic tumor burden, SRT dose/fractionation, and utilization of doublet
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therapy should be considered in future analyses to better identify patients who may benefit from combined IO + SRT. Further
prospective studies are warranted.
© 2023 The Authors. 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
Immunotherapy (IO) is a first-line option for the
management of metastatic renal cell carcinoma
(mRCC).1,2 Historically, interleukin 2 and other immuno-
logic agents have been successful in the management of
mRCC, whereas modern trials have demonstrated
improved responses with immune checkpoint inhibition
(ICI) alone or in combination with tyrosine kinase inhibi-
tors.3-10 Evidence has suggested that responses to IO may
be potentiated by stereotactic radiation therapy (SRT),
which is a topic of growing interest due to the synergistic
potential of combined modality therapy.11-16 As opposed
to conventionally fractionated radiation therapy (CFRT),
SRT is a technique allowing for the delivery of highly con-
formal and ablative doses of radiation in typically 5 or
fewer fractions. Larger doses per fraction with SRT may
produce immunomodulatory effects which enhance IO
responses and overcome radioresistance.17 For example,
SRT is capable of promoting the expansion of tumor-anti-
gen specific T cells and increasing T-cell effector func-
tion.15 SRT may also increase the immunogenicity of
tumor cells by enhancing expression of MHC-I on the
surface of tumors, making them more susceptible to T-
cell-mediated killing.18 RCC has traditionally been viewed
as a radioresistant tumor subtype.19 The mechanism driv-
ing resistance to CFRT implicates high expression of tran-
scription factor hypoxia-inducible factor 1-alpha
(HIF1A), which blocks endothelial cell apoptosis in the
tumor microenvironment.20,21 SRT can overcome this
radioresistant pathway by preventing upregulation of
HIF1A and inducing a wave of endothelial apoptosis.22,23

Initiation of this apoptotic signaling cascade is not seen
with CFRT and may, in contrast, explain the excellent
local control (LC) rates demonstrated in RCC treated
with SRT.24 Radiobiologically, cell survival experiments
have also found RCC to be a low alpha/beta malignancy
and thus more susceptible to higher doses per fraction as
delivered with SRT.25

From a clinical standpoint, the use of SRT with stan-
dard systemic therapy options for metastatic cancers has
demonstrated improved survival outcomes in several ran-
domized trials.26-29 These results have spawned significant
interest in identifying populations which may benefit
from the integration of SRT with systemic therapy. Inter-
est in combined modality therapy has been particularly
evident in mRCC due to the first-line use of IO agents,
compelling biological rationale for combination therapy,
and high rates of LC (>90%) observed for primary and
metastatic RCC lesions treated with SRT.30 Recent phase
1/2 clinical trials in patients with mRCC are encouraging
and have revealed excellent LC, delayed progression in
those receiving combined IO + SRT, and minimal treat-
ment-associated toxicities.31-33 Although these initial
experiences are favorable, challenges remain in the selec-
tion of appropriate patients, as well as the optimal
sequencing of IO and SRT. Additionally, conclusions
regarding overall survival (OS) with IO + SRT are difficult
to establish based on low sample sizes and lack of statisti-
cal power to demonstrate OS benefits in early clinical tri-
als. Given this paucity of data, we conducted a
retrospective review of the National Cancer Database
(NCDB) to describe outcomes in patients with mRCC
receiving IO + SRT versus IO alone. We hypothesized
that patients who received IO + SRT would have pro-
longed OS compared with those receiving IO alone.
Methods and Materials
Data source

The NCDB was reviewed to identify patients who
received diagnoses of mRCC from 2012 to 2017. Data
were obtained from the 2017 NCDB participant user file.
The NCDB is a joint project of the Commission on Can-
cer (CoC) of the American College of Surgeons and the
American Cancer Society. The CoC’s NCDB and the hos-
pitals participating in it are the source of the de-identified
data used herein; they have not verified and are not
responsible for the statistical validity of the data analysis
or the conclusions derived by the authors.
Patient cohort

Eligible patients had an initial diagnosis of stage IV
RCC with intact renal primary tumors treated with first-
line IO and had at least 2 months of follow-up time from
diagnosis. Patients who received SRT as part of their first
course of treatment were included in the IO + SRT cohort.
The dose/fractionation definition of SRT was as follows:
≥10 Gy in 1 fraction, ≥20 Gy in 2 fractions, ≥24 Gy in 3
fractions, or ≥25 Gy in 5 fractions. Patients who under-
went conventional (non-SRT) radiation therapy courses
(n = 175) were included in the IO alone cohort. Patients
with incomplete data regarding demographics, therapy,
tumor stage, and/or follow-up time were excluded. Patient
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Figure 1 Screening criteria for study inclusion. Consoli-
dated Standards of Reporting Trials (CONSORT) dia-
gram describing the selection of patients with stage IV
renal cell carcinoma from the National Cancer Database
(NCDB) who were treated with immunotherapy (IO)
alone or with combined IO and stereotactic radiation
therapy (SRT).
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characteristics collected included age at diagnosis, sex,
race/ethnicity, Charlson-Deyo score, median income, and
facility type. Disease and treatment characteristics col-
lected included primary tumor size, tumor grade, number
of involved metastatic sites, cytoreductive nephrectomy
(CN) status, and details of radiation dose/fractionation.
Screening criteria for study inclusion are outlined in Fig. 1.

Outcomes and statistical analysis

The primary endpoint was OS stratified by the receipt
of SRT (IO + SRT vs IO alone). Survival time was calcu-
lated from the date of stage IV diagnosis to last contact or
death. Events that occurred beyond 24 months were cen-
sored due to the limited expected follow-up time and low
number of events to be captured beyond this time point.
Secondary endpoints included OS stratified by the receipt
of SRT and presence of brain metastases (BM) as well as
OS stratified by the timing of IO (before or after SRT)
and CN status. An additional OS analysis of all patients
was performed to evaluate survival stratified by the total
number of organ systems involved by metastasis (brain,
bone, liver, lung, distant lymph nodes, or other sites).

Baseline characteristics were compared using x2 tests
for categorical variables based on the treatment cohort.
Summary statistics were provided for dose/fractionation
of radiation therapy. Survival was estimated using
Kaplan-Meier methodology and compared via the log-
rank test. Adjustments for multiple comparisons and
pairwise post hoc analyses were performed. Analyses were
performed using SAS statistical software (version 9.4; SAS
Institute Inc, Cary, NC). This NCDB study was exempt
from the local institutional review board.
Results
In total, 644 eligible patients were identified from the
NCDB, consisting of 63 patients (9.8%) who received
IO + SRT and 581 (90.2%) patients who received IO
alone. Patient and treatment characteristics are described
in Tables 1 and 2, respectively. The median follow-up
time was 17.7 months (range, 2-24 months). Baseline
characteristics were similar between cohorts; however,
IO + SRT patients were generally younger (P = .0488),
and IO alone patients had larger primary tumors (P <
.0001). None of the patients undergoing SRT, compared
with 32 patients (5.5%) treated with IO alone, were noted
to have a Charlson-Deyo score of 3. Patients who received
conventional radiation therapy were included in the IO
alone cohort (n = 175), and receipt of conventional radia-
tion therapy did not significantly affect survival within
this cohort (log-rank P = .5623). Patients undergoing SRT
were significantly more likely to have BM (71.4% vs
11.2%; P < .0001); however, there was no difference in the
rates of metastasis to other extracranial sites (bone, liver,
lung, distant lymph node, or other). There was also no
difference in the total number of organ systems involved
by metastasis between cohorts (P = .4826). OS for the
entire cohort of patients was stratified by the number of
involved organ systems (Fig. 2) and revealed a significant
association between survival and number of organ sys-
tems involved by metastasis (log-rank P = .0007). Sites
treated with SRT included the brain (71.4%), chest/lung
(7.9%), nonspine bone (7.9%), spine (6.3%), and other
(6.3%).

The primary endpoint of OS was not significantly dif-
ferent between patients with mRCC receiving IO + SRT
compared with those receiving IO alone (log-rank
P = .1077; Fig. 3). It was observed, however, that 1-year
survival was higher for patients receiving IO + SRT



Table 1 Patient characteristics

Treatment
IO
(n = 581, 90.2%)

IO + SRT
(n = 63, 9.78%) P value

Age at diagnosis .0488

<50 62 (10.67) 13 (20.63)

50-59 172 (29.6) 23 (36.51)

60-69 182 (31.33) 16 (25.4)

70-79 127 (21.86) 7 (11.11)

>80 38 (6.54) 4 (6.35)

Sex .2861

Male 415 (71.43) 49 (77.78)

Female 166 (28.57) 14 (22.22)

Race .1115

White 510 (87.78) 54 (85.71)

Black 47 (8.09) 3 (4.76)

Other races 24 (4.13) 6 (9.52)

Charlson-Deyo score .1343

0 437 (75.22) 53 (84.13)

1 82 (14.11) 9 (14.29)

2 30 (5.16) 1 (1.59)

3 32 (5.51) 0 (0)

Income .4246

0-25th quartile 87 (16.83) 4 (8)

26th to median 85 (16.44) 10 (20)

51st-75th quartile 150 (29.01) 15 (30)

>75th percentile 195 (37.72) 21 (42)

Facility type .066

Community cancer program 40 (7.1) 3 (5)

Comprehensive community cancer program 190 (33.75) 11 (18.33)

Academic/research program 253 (44.94) 34 (56.67)

Integrated network cancer program 80 (14.21) 12 (20)

Primary tumor size (mm) <.0001

0-40 4 (0.69) 5 (7.94)

40-70 26 (4.48) 7 (11.11)

70-100 28 (4.82) 7 (11.11)

>100 523 (90.02) 44 (69.84)

Tumor grade .5725

1 3 (1.07) 0 (0)

2 51 (18.21) 4 (12.12)

3 121 (43.21) 13 (39.39)

4 105 (37.5) 16 (48.48)

(continued on next page)
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Table 1 (Continued)

Treatment
IO
(n = 581, 90.2%)

IO + SRT
(n = 63, 9.78%) P value

Cytoreductive nephrectomy performed .1201

No 327 (56.28) 29 (46.03)

Yes 254 (43.72) 34 (53.97)

Brain metastasis at diagnosis <.0001

No 516 (88.81) 18 (28.57)

Yes 65 (11.19) 45 (71.43)

Bone metastasis at diagnosis .3567

No 314 (56.68) 16 (48.48)

Yes 240 (43.32) 17 (51.52)

Liver metastasis at diagnosis .8509

No 464 (83.6) 28 (84.85)

Yes 91 (16.4) 5 (15.15)

Lung metastasis at diagnosis .1543

No 201 (36.48) 8 (24.24)

Yes 350 (63.52) 25 (75.76)

Distant lymph node metastasis at diagnosis .5268

No 406 (73.82) 26 (78.79)

Yes 144 (26.18) 7 (21.21)

Metastasis at other site(s) at diagnosis .3561

No 422 (76.73) 23 (69.7)

Yes 128 (23.27) 10 (30.3)

Organ systems involved by metastatic disease at diagnosis .4826

1 300 (51.6) 37 (58.7)

2 163 (28.1) 12 (19.0)

3 89 (15.3) 10 (15.9)

≥4 29 (5.0) 4 (6.3)

Abbreviations: IO = Immunotherapy; SRT = stereotactic radiation therapy.
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(74.4%; 95% confidence interval [CI], 61.6-83.5) com-
pared with IO alone (65.0%; 95% CI, 60.9-68.8). Addi-
tionally, the rate of survival at 2 years remained greater in
the IO + SRT group (71.0%; 95% CI, 57.9-80.6) compared
with IO alone (59.4%; 95% CI, 55.1-63.3). Patient age did
not significantly affect OS in IO + SRT cohort (log-rank
Table 2 Treatment characteristics

Site treated Median dose (range)

Brain (n = 45) 22 Gy (10-40)

Chest/lung (n = 5) 35 Gy (25-50)

Nonspine bone (n = 5) 25 Gy (25-30)

Spine (n = 4) 25.5 Gy (18-30)

Other (n = 4)* 30 Gy (25-50)

* Includes soft tissue, abdomen, pelvis, and nonspecified sites.
P = .7615). When stratified for the presence of BM, OS
was significantly increased in patients with BM receiving
IO + SRT compared with IO alone (pairwise log-rank
P = .0261; Fig. 4). The 1-year survival of patients with
BM receiving IO + SRT was 73.0% (95% CI, 57.4-83.7)
compared with 54.7% (95% CI, 41.8-65.9) in the IO alone
Median number of fractions (range)

1 (1-5)

5 (1-5)

5 (2-5)

1 (1-5)

5



Figure 2 Overall survival of all 644 patients undergoing immunotherapy for metastatic renal cell carcinoma. Patients
were stratified by the number of organ systems involved by metastatic disease.
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cohort. This survival advantage in patients with BM was
maintained at 2 years, with the IO + SRT cohort achieving
70.8% survival (95% CI, 55.0-81.9) compared with 51.4%
(95% CI, 38.5-62.8) in the IO alone group. As we demon-
strated that an increasing number of organ systems
involved by metastasis was a negative indicator of OS,
analysis of the number of organ systems involved by
Figure 3 Overall survival of patients stratified by treatment typ
tion therapy (SRT).
metastasis in patients with or without BM was then per-
formed (Table E1). For all patients, those with BM were
more likely to have a greater number of organ systems
involved by mRCC (P < .0001). However, in patients who
received IO + SRT, there was no difference in the number
of organ systems involved by metastasis when stratified
by the presence of BM (P = .3644).
e: immunotherapy (IO) alone or IO and stereotactic radia-



Figure 4 Overall survival stratified by treatment type, either immunotherapy (IO) alone or IO and stereotactic radiation
therapy (SRT). Patients were additionally stratified by brain metastases presence (BM+) or absence (BM−), and survival
was analyzed via multiple comparisons and pairwise post hoc analysis (P value shown).
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Pairwise comparisons revealed no OS differences in
patients without BM who received IO + SRT versus IO
alone (P = .9587) or in patients with BM who received
IO + SRT versus those without BM who received
IO + SRT (P = .5719). The IO + SRT cohort (n = 63) was
further stratified to determine whether initiating SRT treat-
ment first (n = 48/63; 76.2%) or IO treatment first
(n = 15/63, 23.8%) affected OS (Fig. E1). No significant dif-
ference in OS was observed in patients receiving IO + SRT
who began their treatment course with SRT or IO (log-
rank P = .3185). Patients in the IO alone and IO + SRT
cohorts were additionally stratified by CN status (Fig. E2).
Receipt of CN was associated with improved OS in both
the IO alone and IO + SRT cohorts (log-rank P < .0001
for both groups). Patients from the IO + SRT cohort who
underwent CN had a trend toward improved OS compared
with patients who underwent IO alone CN, although this
was not statistically significant (log-rank P = .0690).
Discussion
In this large retrospective review of hospital-based out-
comes from the NCDB, we found that there was no signif-
icant OS difference in patients with de novo mRCC
receiving IO + SRT versus IO alone in the first-line set-
ting. It was observed that rates of 1- and 2-year survival
were higher in patients receiving IO + SRT (74.4% and
71.0%, respectively) compared with IO alone (65.0% and
59.4%, respectively), although these findings did not reach
statistical significance (log-rank P = .1077). Patients with
BM, however, were found to have significantly higher
rates of survival at 1 and 2 years when treated with
IO + SRT (73.0% and 70.8%, respectively) versus IO alone
(54.7% and 51.4%, respectively). The timing of IO (before
or after SRT) did not appear to influence OS. When strati-
fied by the number of organ systems involved by metasta-
sis, OS was expectedly lower in patients with an
increasing number of organ systems involved by mRCC.
When stratified by receipt of CN, patients who underwent
CN had improved OS, consistent with prior NCDB analy-
ses in patients with mRCC.34 Rates of OS in our cohort
were comparable to reported outcomes of patients with
mRCC undergoing modern IO-based systemic therapy
strategies.33,35,36

The role of IO is well established in the management of
mRCC, and although an underlying immunologic ratio-
nale for combining IO + SRT is apparent, it is unclear if
this will translate to improved clinical outcomes.
Although our retrospective analysis did not reveal a statis-
tically significant OS benefit in unselected patients with
mRCC treated with IO + SRT, we noted consistently
higher OS rates at 1 and 2 years compared with those
who received IO alone. Patients undergoing IO + SRT
had disproportionately higher rates of BM at initial diag-
nosis (71.4% vs 11.2%, respectively), and despite the asso-
ciation of BM with poor survival in mRCC, no significant
difference in OS was observed.37 Patients in each cohort
otherwise had a similar number of organ systems involved
by metastasis, and those without BM who received
IO + SRT did not have prolonged OS compared with
those with BM who received IO + SRT. In addition,
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patients receiving IO + SRT for BM had a similar total
number of organ systems involved by mRCC compared
with those receiving IO + SRT without BM, suggesting
that the survival benefit in patients with BM treated with
IO + SRT is not dependent on these patients having fewer
organ systems involved by metastasis. Given that every
patient with BM in the IO + SRT cohort underwent cra-
nial SRT, these findings suggest that intracranial control
provided by SRT may normalize survival to that of
patients without BM. Moreover, in selected patients with
BM, those undergoing IO + SRT were found to have sig-
nificantly higher rates of OS at 1 and 2 years (by approxi-
mately 20%) compared with those undergoing IO alone
with or without CFRT. These findings suggest that BM
secondary to mRCC respond more favorably to SRT,
which in turn may lead to prolonged OS. Our results are
consistent with a large series by Wardak et al, who found
that in 268 patients with mRCC BM managed with SRT,
rates of LC were >90%, and over half of patients (57.5%)
survived beyond 1 year.38 Generally, SRT for BM second-
ary to RCC is preferred (if feasible) due to the relative
radioresistance to CFRT, high observed LC rates,
decreased neurotoxicity compared with whole brain radi-
ation therapy, and shorter treatment duration.30,35 Intra-
cranial control is particularly important because IO and
other systemic therapy agents may have variable CNS
penetrance.39,40 High biologically effective doses delivered
with SRT may not only improve LC but also potentially
disrupt the immune microenvironment of BM, promote
antitumor immunity, and lead to enhanced extracranial
responses to systemic therapy.39,41 Although such absco-
pal responses are rare, several case reports have docu-
mented extracranial responses after SRT for BM, more
commonly in patients treated with IO.42 Outcomes of
patients in the IO + SRT cohort may also be explained by
their younger age, absence of those with a Charlson-Deyo
comorbidity score of >2, and smaller primary tumor
size.43 Additionally, a significant confounding factor may
be that patients eligible for cranial SRT had fewer BM at
diagnosis and, therefore, a more favorable expected prog-
nosis.44 To that end, however, there is no consensus on
the upper limit of BM that may benefit from local treat-
ment with SRT.45 For example, in the series by Wardak et
al, patients with up to 26 BM received cranial SRT, and
no survival difference was observed in those with <5 BM
or ≥5 BM.38 Similarly, we found that aggressive local ther-
apy to the primary tumor with CN was observed to have a
significant survival benefit, with a trend toward improved
OS if IO + SRT + CN was undertaken compared with
IO + CN alone. Our results are consistent with prior liter-
ature on this topic and are again subject to significant
selection bias as patients who undergo CN in mRCC tend
to be younger with fewer comorbidities and with less
advanced systemic disease.34

Although our results are encouraging and highlight
several patient-, disease-, and treatment-related factors
that may influence outcomes in mRCC, it is difficult to
make definitive recommendations for IO + SRT based on
limited retrospective data alone. Fortunately, 2 recently
published prospective mRCC trials provide further insight
into combined SRT and IO, chiefly with ICI. The RAP-
PORT trial was a single-arm phase 1/2 prospective trial in
30 patients with oligometastatic clear cell RCC, which
evaluated SRT (20 Gy in 1 fraction) to all amenable meta-
static sites followed by single-agent pembrolizumab.32

This approach yielded encouraging 1- and 2-year LC of
94% and 92%, OS of 90% and 74%, and progression-free
survival of 60% and 45%, respectively. Minimal toxicity
was reported, with only 13% of patients reporting grade 3
adverse events and no observed grade 4 or 5 adverse
events. In contrast to the patients in our unselected
mRCC cohort, those in the RAPPORT trial were strictly
oligometastatic, none received SRT for BM, and none had
de novo disease at time of diagnosis. The more favorable
OS observed in these patients may be due to these relevant
differences in disease characteristics. Similar in design, the
NIVES study was a single-arm phase 2 trial which evalu-
ated nivolumab followed by extracranial SRT in 69
patients with mRCC who failed to respond to antiangio-
genic therapy.33 This trial demonstrated that combined
modality therapy was well tolerated but did not find an
improvement of objective response rates with SRT com-
pared with historical controls of nivolumab alone.
Patients in the NIVES study, however, were higher risk
than those in the RAPPORT trial, as those with nonclear
cell histology and widely metastatic disease were eligible
for study inclusion. Additionally, the trial only required a
single extracranial site to be amenable to SRT (30 Gy in 3
fractions) and did not mandate treatment of all metastatic
sites. In terms of the sequencing of IO with SRT, pembro-
lizumab was started 2 to 8 days after SRT in the RAP-
PORT study, while nivolumab was started 7 days before
SRT in the NIVES trial. In our cohort of patients under-
going IO + SRT, the timing of IO (before or after SRT)
was not associated with a difference in OS. Although there
is no consensus on the ideal sequencing of SRT with IO,
experiments in mouse models support concomitant rather
than sequential therapy for optimal priming of T-cell
responses to ICI and improving survival.46 The aforemen-
tioned studies add invaluable data to better understanding
combined IO + SRT in mRCC but are limited by their
small sample sizes, differences in patient populations,
absence of comparator arms, lack of modern doublet ther-
apies, variability in total metastatic ablation with SRT, and
nonstandardized SRT dose/fractionation. The results of
other modern prospective studies combining dual ICI
with SRT, such as RAD VAX RCC (ClinicalTrials.gov
identifier: NCT03065179), CYTOSHRINK (Clinical-
Trials.gov identifier: NCT04090710), and SAMURAI
(ClinicalTrials.gov identifier: NCT05327686), will con-
tinue to provide further information regarding the value
of combined modality approaches in mRCC. In fact,
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CYTOSHRINK aims to randomize patients to dual ICI
(ipilimumab and nivolumab) with or without SRT (30-40
Gy in 5 fractions) to the primary tumor.47 This approach
is particularly appealing as the presence of an arm receiv-
ing IO alone will improve the reliability of results rather
than comparing outcomes to historical controls.

Although the goal of this retrospective analysis was to
evaluate OS in patients receiving IO + SRT, other end-
points (outside of the scope of this retrospective review),
such as the decision to change the systemic therapy strat-
egy and quality of life, should also be considered in future
studies. For example, in patients with oligometastatic
RCC, LC with SRT may allow patients with indolent pro-
gression to delay initiating systemic therapy and maintain
their quality of life.48 In patients with more advanced
RCC, LC of a dominant area of progression with SRT
may also prevent symptomatic complications and/or
delay changing to potentially more toxic next-line sys-
temic therapy. In a recently published prospective phase 2
study by Cheung et al, 37 patients with mRCC underwent
SRT to oligoprogressive sites while on tyrosine kinase
inhibitor therapy.49 With this approach, LC was 93%, no
grade 3 or greater toxicities were noted, and approxi-
mately half of patients (53%) did not have to change their
systemic therapy strategy 1 year after SRT. The financial
toxicity of starting or changing to next-line systemic ther-
apy cannot be understated, as SRT may be less costly
depending on the type and length of systemic therapy,
especially when considering that the total costs associated
with modern IO regimens in the United States are rou-
tinely in the hundreds of thousands of dollars.50

There are several limitations to this study, chiefly its
retrospective nature, which introduces selection bias and
limits the ability to draw reliable conclusions on the causal
effect of SRT on clinical outcomes. Although NCDB data
are collected from CoC-accredited hospitals, data entry is
often incomplete or inconsistent and may lead to errors
in data interpretation. For example, oligometastatic tumor
burden (total number of metastases) is not reliably cap-
tured in the NCDB and may significantly bias outcomes
in a metastatic patient population receiving local therapy
with SRS. However, we did note that there was no statisti-
cally significant difference in the number of organ systems
involved by metastasis between the IO alone and
IO + SRT cohorts (P = .4826), possibly limiting this con-
founding effect on OS analyses. Other limitations include
the relatively small sample size of patients undergoing
IO + SRT (n = 63/644, 9.8%), heterogeneous patient pop-
ulation, and lack of indication for SRT. Additionally, the
NCDB does not contain specifics regarding International
mRCC Database Consortium risk categorization, radia-
tion therapy delivery or related toxicity, IO mechanism of
action, or subsequent courses of therapy after progression.
In addition, the patients in our study received diagnoses
from 2012 to 2017 and may not be generalizable to those
diagnosed later, when more modern IO regimens would
be commonly used. For example, in the period of our
analysis, patients could have received a variety of IO
agents, including IL-2, IFN-ɑ, ICI, or a combination of
these therapies. We propose that future prospective stud-
ies account for these limitations to better understand
which patients would derive the greatest benefit from
IO + SRT.
Conclusion
In this retrospective NCDB analysis of patients with
mRCC undergoing first-line IO, SRT in conjunction with
IO did not improve OS compared with IO alone.
Although survival was generally more favorable in those
undergoing combined modality therapy, this finding did
not reach statistical significance. In patients with BM,
however, IO + SRT led to significantly improved rates of
OS at 1 and 2 years. The results of this study, paired with
the encouraging prospective outcomes of recent clinical
trials, demonstrate the need for further randomized pro-
spective studies investigating the potential advantages of
IO + SRT in mRCC. We propose that patients with BM
be included in future studies and that factors such as
International mRCC Database Consortium risk stratifica-
tion, oligometastatic tumor burden, multisite SRT, and
the use of doublet therapy be considered in further analy-
ses. Biomarker and immunologic assays may provide fur-
ther insight into the interplay between IO + SRT and help
guide the selection of patients who may benefit from com-
bined therapy.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.adro.2023.
101238.
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