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KEY POINTS

� The role of radiotherapy in advanced renal cell carcinoma has been increasing since the advent of
high-dose-per-fraction treatment techniques.

� Excellent local control rates with minimal toxicity are possible with the use of stereotactic radiosur-
gery for intracranial metastases and stereotactic body radiation therapy (SBRT) for oligometastases
to bone and visceral sites.

� Data are emerging supporting the efficacy and safety of SBRT as management of the primary tumor
in select nonsurgical patients.

� Current research is focused on combining SBRT with immune checkpoint inhibitors in patients with
metastatic renal cell carcinoma in an effort to potentiate the immune response and improve survival
outcomes.
INTRODUCTION

Historically the role of radiotherapy (RT) in the
management of renal cell carcinoma (RCC)
was limited given several negative trials evalu-
ating the effect of RT on survival in the neoad-
juvant1,2 and adjuvant3,4 settings for patients
with localized disease, and early in vitro studies
reporting that RCC is a relatively radioresistant
histology.5 However, as higher-dose-per-
fraction treatments became possible through
the advent of stereotactic radiosurgery (SRS)
for intracranial sites6–9 and stereotactic body
radiation therapy (SBRT; synonymous with ste-
reotactic ablative RT) for extracranial sites,8–15

there has been a resurgence of interest in RT
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for RCC. There are now published experiences
showing the utility of RT in the treatment of
RCC in a variety of clinical scenarios, including
SBRT for RCC limited to the kidney,13,16–24

SBRT for locally advanced (LA) RCC,13,25–29

SRS for brain metastasis from RCC,6–9 and
SBRT for extracranial metastasis from
RCC.8–15 This article reviews the role of RT in
patients with advanced RCC, including LA dis-
ease (�T3 or >N0, M0) as well as metastatic
RCC (mRCC), and ongoing efforts to optimize
the incorporation of RT into the multimodality
treatment paradigm for patients with mRCC to
improve survival outcomes.
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RADIOTHERAPY IN LOCALLY ADVANCED
RENAL CELL CARCINOMA

Approximately 16% of patients with RCC present
with LA, stage III disease.30 Upfront radical ne-
phrectomy remains the standard of care, followed
by adjuvant sunitinib in select cases with clear cell
histology.31 However, recurrences after nephrec-
tomy can be seen in up to 40% of LA RCC,32

with a predominantly distant pattern of recur-
rence.32 Treatment options for recurrent RCC
include further surgery or radiation if local recur-
rence or systemic therapy.
RT has a limited role in LARCCgiven the negative

historical trials in this patient population. The role of
neoadjuvant radiation therapy for surgical down-
staging was investigated in the 1960s and 1970s,
including 2 prospective clinical trials that compared
neoadjuvant radiation therapy and upfront surgery.
Both studies did not show an overall survival benefit
at 5 years.1,2 Similarly, the role of adjuvant radiation
therapy was explored in 2 prospective clinical trials
and failed to show a survival benefit, at least in part
because of significant complication rates.3,4 In a
more recent meta-analysis including these trials
and other retrospective studies, adjuvant radiation
therapy was associated with a significant reduction
in locoregional failure, but no survival benefit.28

However, this analysis is limited by many of the
included studies using outdated RT techniques
and only a few studies being prospective. However,
based on these data, current guidelines do not sup-
port routine fractionated radiation therapy in the
neoadjuvant and adjuvant settings.
More recently, advanced radiation techniques

have been evaluated in the treatment of RCC.
Intraoperative radiation therapy (IORT) allows pre-
cise localization of the tumor bed while minimizing
radiation dose to the surrounding normal organs.
This approach was studied in multiple retrospec-
tive series,33–35 the largest of which was a multi-
center cohort of 98 patients, 71% of whom had
T3 to T4 disease.35 More than half of these pa-
tients received either neoadjuvant or adjuvant
external beam RT, and 5-year disease-free sur-
vival was favorable compared with surgery alone,
although in general isolated local recurrence is a
rare event even in patients with LA RCC.31 Given
the lack of prospective evidence and no indication
of an overall survival benefit, IORT is not routinely
indicated in current guidelines.
Prospective data are emerging to support

consideration of SBRT to the primary tumor as an
option for patients with LA RCC who are not oper-
able candidates. Treatment of the primary RCC tu-
mor with SBRT is associated with excellent rates of
local control for T1 to T2 lesions (local control rates
of 70%–100% in a systematic review)24 and thus
has been gaining interest in recent years for early-
stage disease.36 However, extrapolation of this
technique to LA RCC should be done with caution
because it is not as well characterized in this patient
population. One phase I dose escalation study
included patients with up to T3 tumors, and none
of the 15 patients with evaluable response had pro-
gressive disease, although outcomes for the subset
with T3 tumors were not reported.20 Most other
prospective studies of SBRT for localized RCC
did not report T stage,17–19,21,22 although some of
these studies did include tumors larger than
5 cm18,22,23 and thus possibly some LA cases.
Data for SBRT specifically in T3 or greater tu-

mors is largely restricted to reported outcomes in
the small subset of LA patients included in some
cohorts. In a dose escalation study of SBRT for
RCC, 1 patient with T4 disease had local progres-
sion 11 months after treatment with SBRT (8 Gy in
5 fractions), which was successfully salvaged with
repeat irradiation to the same dose and fraction-
ation.13 Three patients with T3 disease in 2 other
studies showed no disease progression after
follow-up of greater than 1 year.25,26 The largest
series of patients with LA tumors was published
by Wang and colleagues,27 who evaluated the ef-
ficacy of SBRT for patients with asynchronous
bilateral RCC who previously had nephrectomy
and developed a second primary in the contralat-
eral kidney. Of the 4 patients with T3a tumors
included, 3 had no local relapse at 3, 6, and
29 months of follow-up and 1 had local relapse
at 12 months. One patient with T4 disease was
included, who experienced local failure 6 months
after treatment. However, the study is limited by
its small fractionation size (3–5 Gy/fraction) with
an extended fractionation scheme (10–17 frac-
tions) and use of a gamma body irradiator.27

Although small retrospective and prospective
studies are accumulating to support a role for
SBRT to the primary tumor in early-stage RCC,
data for patients with LA RCC are therefore limited,
and the potential toxicities associated with treating
these larger tumors have not been well described.
Responses in the reported cases suggest that
SBRT may provide a benefit in terms of local con-
trol and palliation of symptoms in LA RCC,
although further studies are warranted.
RADIOTHERAPY IN METASTATIC RENAL CELL
CARCINOMA
Management of Central Nervous System
Metastasis

Although the rate of brain metastasis development
in all patients with mRCC is approximately 2%, up
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to 16% of patients with thoracic and bone metas-
tasis develop intracranial metastasis.37 The devel-
opment of brain metastases is associated with
clear cell histology, sarcomatoid differentiation,
larger tumor size, and node-positive disease at
diagnosis.38 In an epidemiologic evaluation of
intracranial RT use in mRCC, the frequency of
SRS use for brain metastasis from RCC increased
from 27% in 2005 to 44% in 2014, and this trend
was associated with improved overall survival.39

Local control rates with SRS for RCC brain
metastasis are excellent, and generally approach
or exceed 90% at 1 year (Table 1).6–9,40–52 The
largest study to date evaluating SRS for RCC brain
metastasis is reported by Kano and colleagues,45

who examined 531 lesions treated in 158 patients.
With a median marginal dose of 18 Gy (range 10–
22 Gy), the local control at 1 year was 87%,
although survival at 1 year was only 38%. No
studies are available evaluating survival of patients
treated with SRS for RCC brain metastasis who
are receiving modern systemic therapy (either ipi-
limumab/nivolumab or pembrolizumab/axitinib),
but improved survival would be expected in this
setting because most deaths in patients receiving
radiosurgery for brain metastasis are attributable
to non-neurologic causes, particularly for patients
with limited (<4) brain metastasis.53,54

The use of focal therapy alone in the manage-
ment of brain metastasis incurs the increased
risk of distant intracranial failure compared with
patients receiving whole-brain RT (WBRT).53 In pa-
tients treated with single-fraction SRS or fraction-
ated SRS, single metastasis and supratentorial
location were associated with reduced risk of sub-
sequent intracranial lesions.55 For patients with a
high intracranial disease burden, the benefit of
additional whole-brain radiation in the setting of
SRS has been suggested in select studies for pa-
tients with adequate performance status.41,51

Despite this, given the cognitive sequelae of add-
ing WBRT to SRS56 and the success of salvage
SRS,57 WBRT is typically reserved for patients
who cannot tolerate SRS or those with a high
burden of intracranial disease or extensive intra-
cranial relapse after initial SRS. Alternatively, for
patients with a limited number of large, symptom-
atic, surgically accessible lesions, surgical meta-
stasectomy with postoperative SRS can be
considered for patients with good performance
status.58 For this patient population, preoperative
SRS is an area of active study to reduce the rates
of relapse with leptomeningeal disease after sur-
gery and postoperative SRS.59

SRS for brain metastasis from mRCC is well
tolerated, although there is evidence that SRS in
combination with common systemic agents for
SRS may increase toxicity. A series of 912 lesions
treated with SRS showed that use of a tyrosine ki-
nase inhibitor (TKI) within 30 days of SRS caused a
significantly greater rate of radionecrosis (RN)
(10.9% vs 6.4%),60 although generally these rates
are lower than the risk of RN in other series, which
is reported to be approximately 17.2% at 1 year.61

However, in combination with immune checkpoint
inhibitors (ICIs), SRS carries a greater risk of symp-
tomatic RN with a doubling of the incidence from
20% to 40% at approximately 3 years from treat-
ment of patients on ICI.62 Despite these risks,
SRS for RCC is routine even in the setting of ICI
given the excellent control rates and ability to con-
trol RN symptoms with supportive medications,63

laser coagulation,64 or surgery65 for more severe
cases.

SRS is an important tool in the management of
brain metastasis from RCC. Most patients needing
SRS have excellent local control with minimal
toxicity. Surveillance MRI is warranted to assess
for disease progression because distant intracra-
nial failure requiring salvage therapy is common.
Monitoring for neurologic symptoms after SRS is
important for the early detection and treatment of
RN, the rate of which is increased when combining
SRS with TKI and especially ICI.
Spine Stereotactic Body Radiation Therapy

Bone is the second most common site of metas-
tasis in patients with mRCC, with approximately
27% of patients diagnosed with bone metastasis
at initial evaluation and 18% of patients with recur-
rent RCC recurring in the bone.66,67 Among bone
metastasis, the spine is the most frequently
involved site,66 with pain being the most frequently
reported symptom.68 Although surgery is indi-
cated for select patients for spine stabilization,
operative morbidity and complications with intrao-
perative blood loss may be significant.69 Thus,
SBRT is an alternate, noninvasive therapeutic
tool that has shown promising local control rates
with minimal toxicity in the prospective
setting.70–72

One of the earliest prospective studies of SBRT
for spine metastases from RCC evaluated single-
fraction SBRT for 60 spine lesions, 70% of which
were previously treated with conventional radia-
tion therapy. With tumor doses ranging from 17.5
to 25 Gy in a single fraction and a median follow-
up of 37 months, no radiation-induced toxicity
was observed, 89% of lesions treated for pain
(34 out of 38) had improvements in pain, and local
control rate for tumors treated for radiographic
progression was 88% (7 out of 8).71 Similar out-
comes were reported in a study by Nguyen and



Table 1
Studies evaluating stereotactic radiosurgery and stereotactic body radiation therapy in metastatic renal cell carcinoma

Author (Year)

Patients
(Number
of Lesions) Sites Treated

Marginal Dose in
Gy (Range)

Median
Follow-up
(mo) 1-y LC (%) Toxicity

Schöggl et al,88

1998
23 (44) Brain Median 18 (8–30) NR NR (crude

rate 100)
9% peritumoral edema
4% radionecrosis

Goyal et al,41

2000
29 (66) Brain Median 18 (7–24) 7 85 14% radiation necrosis

Payne et al,47

2000
21 (37) Brain Mean 20 (11–40) NR NR (crude

rate 100)
0% radiation toxicity

Amendola
et al,40 2000

22 (131) Brain Mean 18 (15–22);
unknown whether
marginal

NR NR (crude
rate 91)

5% radiation necrosis

Ikushima
et al,44 2000

10 (24) Brain All 42 Gy in 7
fractions to
isocenter

5 90 0% acute or late toxicity

Hernandez
et al,42 2002

29 (92) Brain Median 17 (13–30) 7 100 NR

Hoshi et al,43

2002
42 (113) Brain Median 25 (20–30) 10 91 1 mortality secondary to

tumor hemorrhage

Noel et al,46

2004
28 (65) Brain Median 17 (11–22)

to isocenter
14 93 4% radionecrosis

4% seizure
4% tumor hemorrhage

Muacevic
et al,50 2004

85 (376) Brain Median 21 (15–35) 11 94 4% grade V toxicity caused by
tumor hemorrhage

13% symptomatic radiation
toxicity

Samlowski
et al,48 2008

32 (71) Brain NR (15–24) NR 86 6% symptomatic radiation
necrosis

Shuto et al,49

2010
105 (444) Brain Mean 22 (8–30) 7 71 2% tumor hemorrhage

requiring surgery
5% peritumoral edema
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Fokas et al,51

2010
68 (81) Brain Median 19 (15–22) NR 83 2% grade III acute toxicity

with SRS only, 3% with
SRS 1 WBRT, overall 3%
acute toxicity

4% grade III late toxicity with
SRS only, 5% with
SRS 1WBRT, overall 6% late
toxicity

Kano et al,45

2011
158 (531) Brain Median 18 (10–22) 8 87 7% symptomatic adverse

effects
6% tumor hemorrhage

Staehler
et al,8 2011

51 (135) Brain Median 20 (20–20) 16 100 4% grade II tumor
hemorrhage

6% grade II convulsions

Cochran
et al,6 2012

61 (124) Brain Median 20 (13–24) 9 93 10% radiation-induced edema
or necrosis

3% hemorrhage

Kim et al,89

2012
46 (99) Brain Mean 21 (12–25) NR NR (crude

rate 85)
2% symptomatic tumor
hemorrhage

2% hydrocephalus

Meyer et al,52

2018a
82 (120) Brain Median BED3 75.1

Gy (SD 21.2)
13 82 Including extracranial

metastasis
50% grade I–II toxicity
(asthenia, nausea, dyspnea,
headache)

5% grade III toxicity
(esophageal fistula, seizure,
intratumoral hemorrhage,
and increased ICP)

Stenman
et al,90 2018a

31 (167) Brain Median 22 Gy
(16.5–35.5)

63 (fo ll
pati ts)

NR (crude
rate 96)

NR for entire cohort
For all patients receiving
targeted agents, 30% grade
II–III toxicity (seizure,
fatigue, pneumonitis most
common)

(continued on next page)
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Table 1
(continued )

Author (Year)

Patients
(Number
of Lesions) Sites Treated

Marginal Dose in
Gy (Range)

Median
Follow-up
(mo) 1-y LC (%) Toxicity

Gerszten
et al,71 2005

48 (60) Spine Mean 16 Gy in
1 fraction

37 96 0% radiation toxicity

Wersall et al,80

2005
50 (154) 117 lung, 6 adrenal gland, 12

kidney metastases, 5
thoracic wall, 4 bone, 3
mediastinum, 3 abdominal
lymph gland, 2 liver, 1
spleen, 1 pancreas

Modal: 32 Gy in
4 fractions, 40 Gy
in 4 fractions,
and 45 Gy in 3
fractions

37 99 40% any toxicity
2% grade V toxicity

Svedman et al,13

2006
26 (77) 63 lung/mediastinum, 5 kidney

metastases, 5 adrenal, 4
thoracic wall, 3 abdominal
glands, 3 liver, 1 pelvis, 1
spleen

40 Gy in 4 fractions 52 100 58% grade I–II toxicity
4% Grade V toxicity

Teh et al,14

2007
14 (23) Orbits, head and neck, lung,

mediastinum, sternum,
clavicle, scapula, humerus,
rib, spine, abdominal wall

Modal 24 Gy in
3 fractions

9 81 No grade 2 or higher toxicity

Nguyen et al,72

2010
48 (55) Spine Modal 27 Gy in

3 fractions
13 80 No grade 3 or 4 neurologic

toxicity
23% grade I fatigue
13% grade II fatigue
11% grade II nausea
7% grade II vomiting
2% grade III pain
2% grade III anemia

Staehler et al,8

2011
55 (105) Spine Median 20 Gy in

1 fraction
33 94 2% grade I abdominal pain

Balagamwala
et al,10 2012

57 (88) Spine Median 15 Gy in
1 fraction
(unknown
whether
marginal)

5 50 33% any toxicity
10.5% grade 1 fatigue
2% grade 3 nausea/vomiting
8% pain flare
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Jhaveri et al,11

2012
18 (24) 14 spine, 4 ribs/clavicle, 6

pelvis
Modal 40 Gy in
5 fractions

10 NR 6% grade I toxicity

Zelefsky et al,12

2012
55 (105) 59 spine, 22 pelvic bones, 14

other, 9 femur, 1 lymph
node

Modal 24 Gy in
1 fraction

12 72 4% grade 2 dermatitis
7% fractures
2% grade 4 erythema

Ranck et al,81

2013
18 (39) 11 bone, 10 abdominal lymph

node, 7 mediastinum/hilum,
4 lung, 2 kidney metastases,
2 adrenal, 2 liver, 1 soft
tissue

Modal 50 Gy in
10 fractions,
(unknown
whether
marginal)

16 96 61% grade I fatigue
11% grade 1 rib fracture
6% grade 2 radiculitis
6% grade 2 bone pain

Wang et al,73

2017
84 (184) 49 abdomen, 42 spine, 35

thorax, 25 nonspine, 16 soft
tissue, 5 kidney, 3 spinal cord

Median 11 Gy
in median 3
fractions

16 91 4% acute grade 3 toxicity
(progressive pain and UTI)

2% late grade 3 toxicity
(gastrointestinal bleed,
compression fracture, and
radiculopathy)

Meyer et al,52

2018a
109 (132) 75 spine, 11 nonspine bone

and soft tissue, 46 visceral
metastases

Median BED3 90.6
Gy (SD 55.1)
including brain
metastasis

13 84 Including brain metastasis
50% grade I–II toxicity
(asthenia, nausea, dyspnea,
headache)

5% grade III toxicity
(esophageal fistula, seizure,
intratumoral hemorrhage,
and increased ICP)

Stenman et al,90

2018a
65 (117) 68 lung, 18 lymph node, 7

adrenal, 5 kidney, 5 liver, 5
soft tissue, 4 bone, 4 local
recurrence, 1 other

Modal 45 Gy in
3 fractions,
unknown
whether
marginal)

63 (for all
patients)

NR (crude
rate 76)

NR for entire cohort
For all patients receiving
targeted agents, 30% grade
II–III toxicity (seizure,
fatigue, pneumonitis most
common)

Franzese et al,91

2019
58 (73) 39 lungs, 19 lymph nodes, 7

bone, 5 adrenal, 3 liver
Median 45 Gy
in 5 fractions

16 90 12% acute grade 1 toxicity
(fatigue, pain, and nausea)

7% late grade 1–2
pneumonitis

Abbreviations: ICP, intracranial pressure; NR, not reported; SD, standard deviation; UTI, urinary tract infection; WBRT, whole-brain radiotherapy.
a Brain and extra–central nervous system metastasis are reported in separate rows.
Adapted from Kothari G, Foroudi F, Gill S, Corcoran NM, Siva S. Outcomes of stereotactic radiotherapy for cranial and extracranial metastatic renal cell carcinoma: a systematic

review. Acta Oncol. 2015;54(2):148-157 and Zaorsky NG, Lehrer EJ, Kothari G, Louie AV, Siva S. Stereotactic ablative radiation therapy for oligometastatic renal cell carcinoma
(SABR ORCA): a meta-analysis of 28 studies. European Urology Oncology. 2019;2(5):515-523.
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colleagues,72 who evaluated outcomes after treat-
ment of 55 spinal lesions with several SBRT regi-
mens: 24 Gy in 1 fraction, 27 Gy in 3 fractions, or
30 Gy in 5 fractions. At 1 year, progression-free
survival (PFS) was 82% with no high-grade neuro-
logic toxicity observed, and there was pain resolu-
tion in 52% of patients. With the varying dose
fractionation regimens of spine SBRT used in prior
studies, 2 studies compared single versus multi-
fraction regimens. A single fraction of 24 Gy had
improved local control compared with single-
fraction doses less than 24 Gy or multifraction reg-
imens of 20 to 30 Gy in 3 to 5 fractions, attributed
to a higher biologically effective dose (BED).12,70

Additional retrospective studies provide evidence
supporting spine SBRT for RCC with local control
ranging from 72% to 96% at 1 year with differ-
ences primarily driven by dose and fraction-
ation.8,10,12,73 In addition, systemic therapy
activity likely affects the efficacy of spine SBRT
for RCC metastasis because 1 retrospective study
reported an independent association of concur-
rent TKI with improved local control.74

In summary, SBRT is shown to be well tolerated
with minimal toxicities and favorable outcomes in
terms of pain relief and local control. Patient selec-
tion for spine SBRT is key, and ideal candidates
have at least a 3-month life expectancy, adequate
performance status, low epidural disease grade,
with involvement of a maximum of 2 to 3 contig-
uous or noncontiguous spinal segments, no frank
spinal cord compression, and the ability to lie flat
and tolerate the treatment.75 For patients who
are not candidates for SBRT but may benefit
from palliative treatment of spinal metastasis,
conventionally fractionated RT (ie, 30 Gy in 10
fractions) can be delivered, although this treatment
strategy is less effective than SBRT.76
Management of Other Sites of Metastatic
Disease

Outside of the central nervous system and spine,
RT has a role in the palliation and local control of
RCC metastasis to bone and visceral sites, and
as well as treatment of the primary tumor in pa-
tients with mRCC. Patients with pain from RCC
skeletal metastasis have been shown to have sig-
nificant pain response to both fractionated RT77

and SBRT.78 A phase II trial of palliative RT for
mRCC treated 24 patients for bone pain to 30 Gy
in 10 fractions and showed that 83% of patients
experienced site-specific pain relief after RT,
although with a varied duration of response (me-
dian 3 months, range 1–15 months). However,
this study may be limited because, since the time
of publication in 2005, more effective systemic
regimens have emerged which may affect local
control and thus pain response. A more recent
study from 2018 retrospectively reviewed out-
comes of patients with skeletal metastasis from
RCC treated with fractionated RT, mostly 30 Gy
in 10 fractions. Fifty-three sites were palliated in
40 total patients, with pain control achieved in
73.6% of lesions with a median duration of pain
response of 22.9 months.77

More recently, SBRT has been evaluated in the
palliation and local control of painful bone metas-
tases. The biological rationale for this makes
particular sense for RCC, because historical
in vitro studies showed relative radioresistance of
RCC5 and a retrospective review showed
increased pain response rates with higher BED.79

A retrospective review comparing patients
receiving either SBRT (most common dose
27 Gy in 3 fractions) or fractionated RT (most com-
mon dose 20 Gy in 5 fractions) to painful bony
metastasis from RCC showed greater efficacy
with SBRT. Symptom control rates were approxi-
mately twice as high and more durable for patients
receiving SBRT versus fractionated RT, with 1-
year rates of 74.9% versus 39.9% and 2-year rates
of 74.9% versus 35.7%. Furthermore, on multivari-
able analysis, BED greater than or equal to 80 was
significantly associated with improved clinical
response, radiographic response, and local con-
trol.78 These results are corroborated by another
report showing high BED (in this case >85 Gy)
leading to faster and more durable pain relief
compared with lower BED.11

SBRT has also proved effective for the manage-
ment of visceral metastases from RCC, with a pro-
spective study evaluating 77 target lesions
showing 100% local control at 1 year with minimal
toxicity.13 Additional retrospective reviews of
SBRT in this setting have shown relief of pain
correlating to the treated metastatic sites and local
control of 72% to 99% at 1 year.12,14,80–82

There have been several studies evaluating
SBRT to the primary tumor in patients with
mRCC as well. One study retrospectively reviewed
the outcomes of SBRT to the primary tumor in pa-
tients with RCC and included 6 patients with
mRCC.26 The local control was reported to be
100%, but the rationale for treating these patients
was not reported; presumably the patients were
symptomatic with pain and/or hematuria. The in-
vestigators do report that all 4 patients in this se-
ries that had flank pain and/or hematuria before
RT had resolution of their symptoms after RT, sug-
gesting a palliative benefit to SBRT for LA disease
in select patients. A pilot study from Roswell Park
Cancer Institute examined cytoreductive nephrec-
tomy specimens after neoadjuvant SBRT in
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patients with mRCC. Compared with archived
RCC tumors without neoadjuvant RT, the SBRT-
treated tumors had evidence of immunomodula-
tion with higher expression of calreticulin and
tumor-associated antigens, and a higher percent-
age of proliferating T cells.83 These data suggest
that SBRT to the primary RCC tumor in patients
with mRCC has the potential to affect the efficacy
of immunotherapeutic agents given this altered tu-
mor microenvironment.
COMBINATION OF RADIOTHERAPY WITH
SYSTEMIC THERAPY AND FUTURE
DIRECTIONS

It is clear that RT has a role in palliation of LA RCC
and mRCC, and that SBRT and SRS have the
Table 2
Current trials involving immunotherapy in combinat
metastatic renal cell carcinoma

NCT Number Study Phase
SBRT Dose and
Fractionation

Inte
Com
SBR

NCT01896271 Single-arm
phase II

8–20 Gy in 1–3
fractions

Hig

NCT02306954 Randomized
phase II

40 Gy in 2
fractions

Hig

NCT01884961 Single-arm
phase II

18–36 Gy in 3
fractions

Hig

NCT03474497 Single-arm
phase II

24 Gy in 3
fractions

Intr
IL
p

NCT03065179 Single-arm
phase II

Not specified Ipil
n

NCT02781506 Single-arm
phase II

Dose not
specified, 1–3
fractions

Niv

NCT02855203 phase I/II 18–20 Gy in 1
fraction

Pem

NCT02318771 phase I 20 Gy in 5
fractions or
8 Gy in 1
fraction

Pem

NCT02599779 phase II Not specified Pem

NCT03115801 Randomized
phase II

30 Gy in 3
fractions

Niv

NCT03511391 Randomized
phase II

24 Gy in 3
fractions

Pem
o

NCT03050060 Single-arm
phase II

Not specified Nel
p
n
a

Abbreviations: IL, interleukin; NCT, National Clinical Trial.
ability to provide excellent local control to the pri-
mary tumor as well as metastatic sites with limited
toxicity. However, strategies to optimally combine
RT with systemic therapy in an effort to improve
survival outcomes is a topic of active study. The
current efforts can be conceptually broken down
into 2 scenarios: treatment of oligometastatic pa-
tients (typically with 1–5 total sites of disease)
and treatment of oligoprogressive patients (typi-
cally with 1–5 progressing sites of disease with
any number of metastases). In patients with oligo-
progressive disease, SBRT is being evaluated as a
noninvasive measure of eliminating clones that
have become resistant to systemic therapy. In pa-
tients with oligometastatic disease, SBRT has
been evaluated as a way to defer systemic therapy
and/or improve PFS.
ion with stereotactic body radiation therapy in

rvention in
bination with
T

Estimated
Enrollment

Expected Primary
Completion Date

h-dose IL-2 26 12/2019

h-dose IL-2 84 01/2020

h-dose IL-2 35 06/2019

alesional
-2 and
embrolizumab

45 07/2021

imumab and
ivolumab

25 01/2020

olumab 87 12/2020

brolizumab 30 07/2020

brolizumab 40 12/2019

brolizumab 25 03/2020

olumab 112 12/2020

brolizumab
r nivolumab

97 02/2022

finavir and
embrolizumab,
ivolumab, or
tezolizumab

120 12/2021
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One major study from the Groupe d’étude des
tumeurs urogénitales (GETUG) retrospectively
evaluated the outcomes of 188 oligometastatic
and oligoprogressive patients with mRCC
treated with SBRT to 1 to 5 sites. A total of
101 patients received SBRT for oligoprogressive
mRCC, mostly while on first-line therapy with
TKIs, and these patients showed a median
PFS of 8.6 months from the time of SBRT to
all sites of progression. The 63 patients who
presented with oligometastatic disease were
treated exclusively with SBRT and no systemic
therapy; approximately one-third of these pa-
tients did not relapse at the end of follow-up
(median follow-up of 15 months), with a median
time to systemic therapy initiation of
14.2 months.52 In line with this are findings
from Zhang and colleagues,84 where SBRT
was used to defer systemic therapy in patients
with oligometastatic RCC. In their retrospective
review of a prospective database, 47 patients
were identified, w75% of whom had a single
site of metastatic disease, most commonly to
bone. The median time from SBRT to the start
of systemic therapy was 15.2 months, and
almost 40% of patients received no systemic
therapy and were alive after SBRT at a median
follow-up of 25 months.84

These promising studies show that, for select
patients with mRCC, it is possible that aggressive
local therapy can delay systemic therapy for
treatment-naive patients and prevent changing
systemic therapy in patients with oligoprogressive
disease who may still be experiencing systemic
benefit from their current therapy. Compared
with other forms of local therapy, such as surgery
and thermal ablation techniques, SBRT is noninva-
sive and causes minimal, if any, delay in the sys-
temic therapy schedule, which remains the
backbone of therapy for patients with widely met-
astatic disease.
Because 2 first-line systemic regimens for

mRCC now include ICI (combination ipilimu-
mab/nivolumab and pembrolizumab/axitinib),
many groups are interested in combining SBRT
with ICI to evaluate whether SBRT can poten-
tiate the systemic response to immunotherapy
given the known immunomodulatory effects of
SBRT83 and reports on abscopal response in
patients with mRCC treated with RT.85,86 There
have been more than a dozen trials initiated
combining SBRT with ICI and other immuno-
oncology agents in patients with mRCC,87 which
are described in Table 2. The results of these
trials are awaited to help define the utility of
SBRT in combination with ICI for patients with
mRCC.
SUMMARY

With the advent of high-dose-per-fraction RT tech-
niques, namely SRS and SBRT, the role of RT in
RCC is increasing. RT can be considered for palli-
ation and local control of patients with LA RCC tu-
mors who are not operative candidates, as well as
palliation and local control of intracranial and
extracranial metastases. Current research is
focused on the use of SBRT in patients receiving
immunotherapeutic agents in an effort to improve
survival outcomes.
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