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Abstract. Over the past decade, innovations in radiation technology and technique have led to the increasing use of stereotactic
body radiotherapy (SBRT) for the treatment of renal cell carcinoma. We provide an overview of SBRT and review the role of
SBRT for treatment of localized and oligometastatic RCC. We also provide a brief overview of the current state of knowledge
with regards to the combination of SBRT and novel systemic agents commonly used in the treatment of RCC. As outcomes
from trials investigating SBRT mature, showing excellent efficacy and tolerability, it is likely that SBRT use will continue to

increase in future years.
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INTRODUCTION

Over the past decade, innovations in radiation
technology and technique have led to the increas-
ing use of stereotactic body radiotherapy (SBRT),
otherwise known as stereotactic ablative body radio-
therapy (SABR) and stereotactic radiosurgery (SRS)
for the treatment of localized cancer noninvasively.
SBRT has radiobiological advantages in the treatment
of tumors which are otherwise thought to be resistant
to radiotherapy delivered with smaller daily doses of
radiation. By utilizing larger radiation doses in fewer
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but more precisely targeted treatments, SBRT can
overcome intrinsic resistance to standard doses per
treatment.

Renal cell carcinoma presents a unique challenge
as well as opportunity for SBRT. Given that the risk
factors for RCC include smoking, obesity, hyperten-
sion, and chronic kidney disease [1], many patients
are not candidates for surgical resection of their
tumors due to underlying comorbid illness. SBRT
overcomes this challenge by being non-invasive and
requiring no anesthesia for treatment. Originally
thought to be relatively resistant to standard radio-
therapy, recent clinical evidence indicates excellent
treatment responses and local control, even for larger
tumors that are typically more difficult to ablate
with non-radiotherapy technique. Another challenge
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to SBRT treatment of the kidney is the fear of kid-
ney damage with radiation. However, with modern
stereotactic technique, the impact on kidney function
has been minimized, rarely requiring dialysis after
treatment. Finally, for metastatic disease, treatment of
tumors should maximize convenience as well as local
control, while minimizing toxicity for patients who
may be frail or with limited survival. SBRT has been
shown much promise in all aspects of metastatic treat-
ment. This manuscript will provide a general review
of SBRT for localized and oligometastatic RCC.

STEREOTACTIC BODY RADIATION
THERAPY OVERVIEW

Stereotactic body radiation therapy is a radiother-
apy technique that aims to deliver doses of 5Gy
or greater per fraction [2]. Conventional courses of
radiotherapy are typically given in 1.8-2.0Gy per
fraction over as many as 7 weeks. The large doses
seen per treatment with SBRT can be safely delivered
because of the improvement in accuracy of all steps
of radiotherapy including simulation, treatment plan-
ning, and treatment delivery. These shorter courses
achieve greater biologically effective doses (BED)
compared to conventional fractionations. Synony-
mous with SBRT is “Stereotactic Ablative Radiation
Therapy (SABR)”, so named because of the empha-
sis on delivering “ablative” doses of radiation. In this
review, SBRT and SABR will be used interchange-
ably.

EVIDENCE FOR SBRT FOR LOCALIZED
RCC

The most robust data for the efficacy of
SBRT/SABR in localized RCC comes from the
International Radiosurgery Oncology Consortium for
Kidney (IROCK) [3]. This multi—institutional inter-
national consortium examined individual patient data
from 12 institutions to assess safety, efficacy, and sur-
vival of SABR for primary RCC. In their most recent
long term efficacy report, they analyzed data from
190 patient with localized renal cell carcinoma. A
majority (75%) of these patients were deemed med-
ically inoperable and median tumor size was 4.0 cm.
Single fraction SABR with a median dose of 25Gy
accounted for 43% of the treatments, while multi-
fraction SABR with median dose of 42Gy delivered
in 2-10 fractions accounted for the other 53%. The
primary outcome of cumulative incidence of local

failure was 5.5%, 5.5%, and 8.5% at 3 years, 5 years,
and 7 years respectively. Cancer specific survival was
95.5%, 92.0%, and 92.0% at 3 years, 5 years, and 7
years respectively. These results are comparable to
outcomes following partial nephrectomy and percuta-
neous ablative therapies despite a cohort determined
to be medically inoperable and with tumors typically
treated with ablative therapies [4]. The relative effi-
cacy of SABR vs RFA is currently being evaluated in
the RADSTER trial (NCT03811665) [5].

The long term IROCK data also demonstrates that
SABR is a safe treatment option. 37% of patient expe-
rienced grade 1-2 toxicities [3]. There was only one
patient with grade 4 toxicity and no grade 5 toxicities.
Additionally, eGFR decreased by 5.5 mL/min per
1.73 m?, 10.3 mL/min per 1.73 m?, and 14.2 mL/min
per 1.73m? at 1 year, 3 years, and 5 years respec-
tively from a baseline of 60.0 mL/min per 1.73 m.
The IROCK study also noted a significant improve-
ment in progression free survival and local failure
in patients treated with single fraction SABR com-
pared to multi-fraction SABR. No difference in renal
function was noted between single fraction and multi-
fraction SABR courses.

The FASTRACK II trial was performed to validate
this data in a single arm multi-institutional prospec-
tive study [6]. FASTRACK II was reported at the
American Society for Radiation Oncology (ASTRO)
Annual meeting in 2023 [7]. The study enrolled 70
patients of median age 77 (range 47-91) with a sin-
gle renal cell carcinoma mass. The average size of
the renal mass was 4.7 cm. Patients with tumors less
than 4 cm were treated with a single SBRT treatment
whereas those with greater than 4 cm were treated
with three SBRT treatments. After a median follow
up of 43 months, local control was 100%. One patient
had a distant disease recurrence. Overall survival was
99% at 1 year and 82% at three years. Treatment was
very well tolerated, with 10% of patients experienc-
ing grade 3 toxicity (mostly abdominal pain), and no
patients with grade 4 or 5 toxicity. Renal function was
well preserved, with an average decline in EGFR of
only 10.8 mLs/min at 1 year and 14.6 mLs/min at 2
years post treatment. Of these mostly elderly patients,
only 1 out of 77 patients required dialysis following
treatment [7].

Efficacy and safety of SABR may be fur-
ther improved with stereotactic magnetic resonance
(MR)-guided adaptive radiotherapy (SMART) [8]. In
a prospective phase 1 trial, SMART was deployed
with real time MR tracking and daily adaptive plan-
ning to deliver 40Gy in 5 fractions to 20 patients
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with localized RCC. Daily plan adaptation was uti-
lized to improve target coverage or reduce dose to
nearby GI structures in two-thirds of the patients.
Only one patient experienced treatment related tox-
icities (grade 2 nausea) and no grade 3 or higher
toxicities were noted. Local control at median follow-
up of 17 months was 100% and there was only a mean
decrease of 1.8 mL/min per 1.73 m?. While early, this
data suggests a promising role for real time tumor
tracking as well as daily adaptive planning.

EVIDENCE FOR SBRT FOR LOCALLY
ADVANCED RCC

Up to 10% of patients with newly diagnosed RCC
present with tumor thrombus (TT), which can cause
lower extremity swelling, pulmonary embolism, or
Budd-Chiari syndrome. Radical nephrectomy with
thrombectomy is standard of care with reports
demonstrating 5-year cancer specific survival of 49%
[9]. However, 20% of patients are managed non-
operatively as these procedures are associated with
a high rate of perioperative complications. Patients
with untreated tumor thrombi have poor outcomes
with a median survival of 5 months and a 1-year
disease specific survival of 30% [10].

In the safety lead-in portion of a phase I/II trial from
UT Southwestern Medical Center, 6 patients with
level II or less IVC TT were treated with neoadju-
vant SABR (40Gy in 5 fractions) followed by radical
nephrectomy and IVC thrombectomy [11]. Neoad-
juvant SABR was associated with low rates of AEs.
All patients proceeded with surgery and no intraop-
erative complications were reported. Median follow
up was 24 months and all patients were alive. Effi-
cacy is being further evaluated by the ongoing phase
II portion of the study.

There are also retrospective studies suggesting that
SABR is effective in treating patients with significant
(level III or greater) TT burden. Freifeld et al demon-
strated TT regression in 58% (7/12) patients within
a median of 478 days from SABR [12]. Therefore,
SABR can be useful option for patient with medically
inoperable RCC-TT.

OLIGOMETASTATIC RCC

Oligometastatic cancer has been much discussed in
recent years. Though the definition of oligometastatic
is both practical and varied, the consensus definition
of ESTRO and ASTRO is any number that can be

treated in a safe manner (though typically is less than
5) [13]. For patients who present with oligometastatic
disease, SABR can be beneficial. In a phase II
trial, Hannan et al. treated international metastatic
database consortium (IMDC) criteria favorable and
intermediate risk metastatic RCC patients who were
systemic therapy naive [14]. Patients with 3 or less
extracranial metastatic site were treated with SABR.
With a median follow up of 21.7 months, they noted
that one year freedom from systemic therapy was
91.3% and LC rate of SABR treated lesions was
100%. Treatments were well tolerated. In a sepa-
rate phase II trial, Hannan et al also noted favorable
results in patients with oligoprogressive metastatic
RCC [15]. 20 patients with mRCC on systemic ther-
apies with 3 or few sites of progression were treated
to all metastatic sites. With a median follow up
of 11.1 months, local control rate was 100% and
32% of patients receiving SABR remained on the
same systemic therapy. There are currently multiple
clinical trials investigating the interaction between
immunotherapy and SBRT [16], including NRG-
GUO012 (SAMURALI trial) [17].

INTEGRATION OF SYSTEMIC THERAPY
AND SBRT

As the number of systemic therapies approved for
the treatment of RCC proliferate, whether these ther-
apies are compatible with SBRT remains an open
question. Generally, the combination of immunother-
apy and SBRT has been thought to be potentially
synergistic given preclinical evidence that SBRT
may increase antigen presentation and overall tumor
response to immunotherapy [18]. As noted previ-
ously, this synergy is being tested in clinical trials.
Howeyver, there is also a concern that SBRT in
combination with therapy that increases radiation
sensitivity may cause more than additive toxicity.

Traditional cytotoxic chemotherapy has tradition-
ally been considered to sensitize both tumor and
normal tissue to radiation. Therefore, the combi-
nation of cytotoxic chemotherapy and SBRT is
generally avoided based upon a prospective clinical
trial [19], though this strategy has been investigated
for pancreatic cancer [20]. Newer agents can be
unpredictable in terms of potential interaction with
SBRT, and so caution is warranted any time there
is a new systemic agent that has not been formally
tested in combination with radiation [21]. Therapies
that target the VEGF receptor such as axitinib are
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Combination systemic therapy and SBRT

Systemic agent Mechanism of action

Evidence regarding combination treatment

Cytotoxic Variable Cytotoxic chemotherapy is thought to cause

chemotherapy sensitization of normal tissue to radiotherapy. Avoid
combination with SBRT off trial

Axitinib Tyrosine Kinase/VEGF inhibitor This class of therapy generally considered safe in
combination with SBRT [22] though caution is
needed radiating near bowel [23]

Pembrolizumab Anti PD-1 No additional toxicity with SBRT [32]

Cabozantinib Tyrosine Kinase inhibitor

Combination with radiotherapy appears safe without
increase in major toxicity. [25]

Lenvatinib Tyrosine Kinase inhibitor

Cautiously considered safe [28]

Tensirolimus mTOR kinase inhibitor

Has been investigated in other cancers and appears
safe [36], though tensirolimus may cause radiation
recall

IL-2 Interkeukin-2 Combination appears safe [29]

Sunitinib Tyrosine Kinase inhibitor (multikinase including Combination appears safe [5, 37]. Caution near
VEGF) bowel [23]

Pazopanib Tyrosine Kinase inhibitor (multikinase including Combination appears safe [26]. Caution near bowel
VEGF) [23]

Sorafenib Tyroskine Kinase inhibitor (multikinase including Combination generally safe [27]. Caution near
VEGF) bowel [23]. Consider holding within 5-10 days of

radiation if treatment near bowel [38]
Ipilimumab CTLA-4 blockade Combination appears safe [30]

generally thought to be safe in combination with
SBRT [22], though caution should be taken when
treating near bowel as one study suggested increased
toxicity for the multikinase inhibitors that target
VEGF [23]. Generally, away from the bowel, tyrosine
kinase inhibitors are cautiously considered safe with
SBRT [24], including cabozantinib [25], sunitinib
[5], pazopanib [26], sorafenib [27] and Lenvatinib
[28]. Immune targeted agents such as IL-2 [29], pem-
brolizumab and ipilimumab [30] are also generally
thought to be safe in combination with SBRT for
renal cell carcinoma [31, 32], though there is some
suggestion that the combination of immunotherapy
with intracranial radiosurgery for brain metastases
may increase treatment related inflammatory changes
[33]. There are also case reports that immune targeted
agents may cause radiation recall if given after radi-
ation in idiosyncratic instances [34]. Despite these
potential toxicities, early phase studies have shown
that SBRT in combination with systemic therapy may
prolong the duration of ongoing systemic therapy
including multikinase inhibitors, immune checkpoint
inhibition and combination therapies [15]. These
insights are summarized in Table 1. There are ongo-
ing trials testing SBRT in combination with immune
checkpoint inhibition such as NCT04974671 as well
as in combination with standard of care treatments in
mRCC such as the such as the GETUG-StORM-01
trial [35].

CONCLUSION

In conclusion, SBRT represents a promising non-
invasive, effective, and well tolerated treatment. As
patients get older and present with more comorbid
illness, non-invasive treatment will likely be utilized
more frequently in the future. SBRT technology con-
tinues to improve in ways relevant to the treatment
of RCC. Novel systemic therapies generally appear
safe in combination with SBRT, though future stud-
ies are ongoing to further investigate the integration
of SBRT and novel systemic therapies.
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