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Abstract

The incidence of renal cell carcinoma (RCC) is steadily rising due 
to an aging population and more frequent imaging of the abdomen 
for other medical conditions. While surgery remains the standard of 
care treatment for localized disease, many patients are unfit due to 
their advanced age and medical comorbidities. In these patients, an 
active surveillance strategy or ablative therapies, including radiofre-
quency/microwave ablation or cryotherapy, can be offered. Such 
options have limitations particularly with fast growing, or larger 
tumors. A promising ablative therapy option to consider is stereo-
tactic body radiotherapy (SBRT). SBRT refers to high dose, focally 
ablative radiation delivered in a short time (3–5 fractions), and is 
safe and effective in many other cancer sites, including lung, liver 
and spine. SBRT offers potential advantages in the primary kidney 
cancer setting due to its ablative dosing (overcoming the notion of 
“radio-resistance”), short treatment duration (important in an elder-
ly population), low toxicity profile (enabling SBRT to treat larger 
RCCs than other ablative modalities), and non-invasiveness. To 
date, there is limited long-term prospective data on the outcomes 
of SBRT in primary RCC. However, early evidence is intriguing with 
respect to excellent local control and low toxicity; however, most 
studies vary in terms of technique and radiation dosing used. Well-
designed prospective cohort studies with clearly defined and stan-
dardized techniques, dosing, follow-up, and integration of quality 
of life outcomes will be essential to further establish the role of 
SBRT in management of inoperable, localized RCC.

Introduction

In 2014, renal cell carcinoma (RCC) was the 6th and 11th 
most common cancer diagnosed in men and women, 
respectively in Canada. About 6000 new cases of RCC were 
diagnosed in 2014, with 1750 related deaths.1 The incidence 
of RCC has steadily risen by 1.3% from 2001 to 2010.1

This is likely due to an aging population and an increase in 
abdominal computed tomography (CT) in detecting asymp-
tomatic renal masses. The standard of care for patients with 
localized RCC is surgical resection via total (T1b or high-
er) or partial (nephron-sparing) nephrectomy (for smaller 
tumors).2 Patients in general must be relatively healthy and 
fit to undergo surgery, but many are not offered surgery 
due to advanced age or medical comorbidities. In these 
patients, active surveillance is one management option;3

however it may not be desirable if there is evidence of fast 
growth kinetics,4 in association with male gender, symptom-
atic disease, younger age, and tumours >2.5 cm.5 For small 
T1a RCCs, ablative percutaneous techniques, such as cryo-
therapy, microwave ablation and radiofrequency ablation, 
are alternative strategies.6 However they are less effective 
with larger tumours (T1b or higher), and although minimally 
invasive, may be challenging to offer to select elderly and 
infirm patients. 

The role of radiotherapy (RT) in RCC is limited. There is a 
belief that RCC is inherently “radio-resistant” when conven-
tional RT (CRT) doses have been applied. A meta-analysis 
of randomized trials of adjuvant CRT showed no significant 
improvement in overall or disease-free survival, although 
these trials were not performed in a modern RT era.7 The 
main use of RT to date has been in the metastatic setting to 
palliate symptomatic bone and brain metastases, where short 
course RT doses have symptomatic benefit.8,9

Over the past 10 to 15 years, there have been tremendous 
advances in RT practice, permitting use of high precision RT 
planning and delivery techniques. These achievements have 
culminated in the ability to prescribe high dose, ablative 
RT to tumour targets anywhere in the body, while creating 
steep dose gradients that minimize damage to nearby criti-
cal organs. This treatment is referred to as stereotactic body 
radiotherapy (SBRT). We describe the application of SBRT in 
detail as it pertains to treatment of inoperable primary RCC.
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SBRT defined 

The Canadian Association of Radiation Oncology defines 
SBRT as the precise delivery of highly conformal and 
image-guided hypofractionated external beam radiotherapy, 
delivered in a single or few fraction(s).10 Initially known 
as stereotactic radiosurgery (SRS), the technology was first 
conceptualized in 1949 as a non-invasive method to man-
age both benign and malignant intracranial lesions.11 This 
led to the development of the first SRS machine called the 
Gamma Knife, which uses radioactive Cobalt-60 sources in 
a fixed “helmet-like” frame to deliver small beams of radia-
tion from many angles, summating onto intracranial targets 
with millimetric precision.12

SBRT is a natural progression from SRS. Instead of a fixed 
head frame, patients are now generally immobilized using 
a “frameless” stereotactic body system; and image-guided 
radiotherapy (IGRT) has been developed to ensure the 
tumour is being targeted precisely and accurately.13 It was 
not until the recent emergence of SBRT that high doses of RT 
could be safely and accurately delivered to small, moving 
extracranial targets. In comparison to CRT, which typically 

delivers small amounts of daily radiation (1.8-2 Gy/fraction) 
over a 5- to 7-week period, SBRT permits higher dose, abla-
tive treatment, capable of permanent tumour control, in a 
very short time (typically 1–6 fractions, 5–20 Gy/fraction). 
From a radiobiological perspective, the SBRT-related mecha-
nism of tumour damage is completely different compared to 
CRT. While CRT relies on oxygen dependent DNA damage, 
the effect of SBRT is likely more related to novel apoptotic 
pathways that result in endothelial cell damage.14 This is 
highly relevant in RCC, which relies on a rich vascular and 
angiogenic microenvironment (Table 1). 

SBRT has revolutionized the field of radiation oncology, 
particularly in the management of medically inoperable 
patients with early stage non-small cell lung carcinomas,15

spine metastases,16 prostate cancer,17 and primary or meta-
static liver cancers,18 with several prospective trials in these 
groups demonstrating excellent local control (70%–80% and 
higher), with minimal acute and late toxicities (<5%). 

SBRT planning and delivery 

Technical requirements for successful SBRT delivery include 
a modern linear accelerator with IGRT capabilities; and 
sophisticated radiation planning software with ability to per-
form multi-modal image registration (with contrast enhanced 
CT, MRI, PET) and high precision radiotherapy dose distribu-
tions. Delivery methods must compensate for kidney motion, 
using one or more of: abdominal compression, respiratory 
gating (i.e., treating the tumour at a pre-specified point in the 
respiratory cycle), active breath hold techniques, and tumour 
tracking using implanted fiducial markers. Four-dimensional 
CT scanning is highly recommended, and aids in assessing 
kidney motion due to breathing (Fig. 1).19

Several planning techniques for SBRT have been dis-
cussed in the literature, including static conformal RT and 
intensity-modulated RT (IMRT),20 volumetric modulated arc 
therapy (VMAT), and robotic radiosurgery.21 The goals of 
planning regardless of technique are similar: to create a 
highly conformal dose around the target, with rapid dose 
fall-off beyond (Fig. 2). 

Doses are prescribed such that the maximum dose within 
the target may exceed 120% to 130% of the prescription 
dose. Care must be taken to avoid high-dose RT to critical 
organs, including stomach, small bowel, large bowel, duo-
denum, spinal cord/cauda equina, chest wall/ribs, liver, and 
contralateral kidney. Criteria that avoid “low dose spillage” 
can be used to minimize dose to critical organs (Table 2).  

The choice of RT dose is largely based on the premise 
that RCC is more sensitive to higher doses per fraction. Ning 
and colleagues characterized the radiosensitivity of RCC 
cell lines A498 and Caki-1, and determined the alpha-beta 
ratio (a marker of radiosensitivity) was lower than in other 
tumour cell lines (2.6 and 6.92 Gy). They also demonstrated 

Table 1. Comparison of conventional RT and SBRT in RCC

Characteristic Conventional RT SBRT
Total radiation dose 45–50 Gy 30–45 Gy

Dose per fraction 1.8–2 Gy 6–12 Gy

No. fractions 25–30 3–5

Total treatment 
duration

5–6 weeks 1–2 weeks

Treatment time per 
fraction

5–10 minutes 15–45 minutes

Maximum dose in 
tumour

95–105% of 
prescription dose

100–140% of 
prescription dose

Image guidance 
used

Occasionally Routinely

Indications

Primary RCC Minimal Emerging

Adjuvant therapy
Uncommon, no 
survival benefit

Not studied

Neoadjuvant/pre-
surgical therapy

None Possible

Metastatic disease Palliative
Radical 

(oligometastases)

Limitations

Technical

Inability to dose 
escalate due to 
bowel/kidney 

tolerance

Challenging when 
in close proximity 

to GI structures

Outcomes
No survival benefit in 

adjuvant setting

Although good 
local control in 
primary setting, 
need long term 

follow-up
RT: radiotherapy; SBRT: stereotactic body radiotherapy; RCC: renal cell carcinoma; Gy: Gray
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increased effective cell kill at higher doses per fraction.22

Based on this and other preclinical work, possible SBRT 
doses include 30 to 45 Gy in 3 to 5 fractions depending on 
critical organ tolerance and risk of toxicity (Table 2).

Pre-clinical rationale for SBRT in RCC 

There has been a notion that RCC is a “radio-resistant” 
tumour, especially following CRT. Walsh and colleagues 
provided compelling work to suggest that high-dose, hypo-
fractionated RT would result in RCC cell kill.23 They injected 
19 nude mice into the R flank with A498 RCC cell lines, and 
irradiated 12 mice to 48 Gy in 3 fractions, while the other 7 
mice were controls. At 7 weeks post-RT, there was progres-
sive increase in the size of tumours in the control mice, and 
a 30% reduction in tumour volume in the irradiated mice. 
Histological tumour specimens of 4 sacrificed mice 4 weeks 
post-treatment showed no active mitoses, as compared to 9 
to 14 mitoses/high powered field in 6 control mice. 

Clinical evidence of SBRT in RCC

Unlike SBRT for other indications (lung, liver, spine), their 
role in treating primary RCC is relatively limited (Table 
3).20,21,24-29 No randomized trials to date have evaluated SBRT 
in primary kidney cancer. 

Siva and colleagues conducted a systematic review of 10 
studies with 126 patients treated with SBRT for inoperable 
RCC, published in 2012.30 Three trials were prospective, 
and 7 retrospective, with the largest series being 33 patients, 
and there was no tumour size criteria or cutoff reported. 

SBRT doses in these trials were variable, with most studies 
describing doses of 30 to 45 Gy in 3 to 5 fractions. One trial 
by Nomiya and colleagues reported a dose of 4.5 Gy × 16 
fractions, which may not necessarily fall within the true 

Fig. 1. 4-dimensional CT simulation of a right-sided RCC. Note the positional change (denoted by asterixes) of the superior aspect of the kidney, inferior liver edge 
and diaphragm through the respiratory cycle. 

Table 2. Five-fraction dose constraints for RCC SBRT

Organ at risk Maximum dose
Treated kidney Mean dose <11.3 Gy

Both kidneys V16.8 Gy <67%

Spinal cord
V23 Gy <0.35 cc
V14.5 Gy <1.2 cc

Stomach
Dmax <32 Gy
V18 Gy <10 cc

Duodenum
Dmax <32 Gy
V18 Gy <5 cc

V12.5 Gy <10 cc

Small bowel
Dmax <35 Gy
V19.5 Gy <5 cc

Large bowel
Dmax <38 Gy
V25 Gy <20 cc

Heart
Dmax <38 Gy
V32 Gy <15 cc

Chest wall/ribs
Dmax <105%
V40 Gy <10 cc

Skin
Dmax <39.5 Gy
V36.5 Gy <10 cc

Esophagus
V27.5 Gy <5 cc

V35 Gy <0.035 cc

Liver
Mean dose <18 Gy

V21 Gy <700 cc
SBRT: stereotactic body radiotherapy; RCC: renal cell carcinoma; Gy: Gray; Dmax: 
maximum dose. VXX Gy <XX%/cc – Volume of organ receiving at least XX Gy no more 
than XX%/cc.
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definition of SBRT, and used carbon-ion RT, a technique 
that is not widely available.31 Overall, local control in all 
trials was between 86% and 100% at 2 years. Most trials 
had limited follow-up (median 2–3 years) and thus survival 
was rarely reported. Weighted rates of late toxicity in these 
trials were 3.8%.30,31

Since this systematic review was completed, 2 larger 
prospective cohort studies have been published. Pham and 
colleagues recently reported early toxicity results of a phase 
I trial using 42 Gy in 3 fractions (for ≥5-cm tumors) or 26 Gy 
in 1 fraction (for <5 cm).20 Although no results are avail-
able for long-term control, toxicity was mild, with 60% of 

patients experiencing only grade 1 and 2 fatigue, nausea, 
and chest wall pain that was self-limiting. A second study 
of single fraction SBRT to a dose of 25 Gy in 40 patients 
(15 transitional cell carcinomas, 25 RCCs) was conducted 
by Staehler and colleagues.21 With a median follow-up of 
28 months, crude local control was 87%, and 5-year overall 
survival was 80%.

Kidney toxicity following SBRT

There is minimal evidence to date of SBRT-associated kid-
ney injury or renal dysfunction. In a study by Svedman and 

Table 3. Select studies of SBRT in primary RCC

Study
Study 
type

Patient 
number 

Tumour size
Radiation dose 

(Fractions)
Local control Survival Toxicity

Wersall24 R 8 NR

26–32 Gy (2)
18–45 Gy (3)
28–48 Gy (4)
25–40 Gy (5)

Crude local control 88% 5-yr OS 80%
50% Grade I-II acute

No late toxicity observed

Gilson25 R 33 2.4–1366 cc 40 Gy (5) Crude local control 94% NR NR

Svedman26 P 5 NR

20–30 Gy (2)
24–45 Gy (3)
28–48 Gy (4)
25-50 Gy (5)

Crude local control 
60-80%

Median 
Survival 32 

months
NR

Teh28 R 2 NR 24-40 Gy (3-6) No local failures observed NR NR

Svedman27 R 7 2.3–6.8 cm
30 Gy (3)
40 Gy (4)

Crude local control 86% NR 57% Grade I-II acute

Nair29 R 3
Mean size 

21.3 cc
39 Gy (3) 1-yr 100% NR No toxicity observed

Pham20 P 20
3–9 cm

22.7–322.5 cc
42 Gy (3)
26 Gy (1)

NR NR 60% Grade 1-2 acute

Staehler21 P 40 7.5–120 cc 25 Gy (1) 9-month 98% No late toxicity observed
SBRT: stereotactic body radiotherapy; RCC: renal cell carcinoma; P: prospective; R: retrospective; PFS: progression-free survival; OS: overall survival; NR: not reported.

Fig. 2. SBRT dose distribution for a left RCC treated with a 35 Gy in 5 fraction VMAT plan. (Target volumes in grey colourwash).
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colleagues, 7 patients were treated with contralateral kid-
ney metastases post-nephrectomy.27 In this series, no sig-
nificant renal dysfunction was observed; all patients had 
normal serum creatinine levels prior to SBRT, and only 2 
of 7 developed a rise in creatinine that stabilized long term. 
In the series by Staehler and colleagues, the median creati-
nine clearance did not significantly change from pre-SBRT 
(76.8 mL/min) to post-SBRT levels (70.3 mL/min; p = 0.89).21

In adults, there is no consensus on SBRT dose tolerance 
to the kidneys. The QUANTEC (Quantitative Analyses of 
Normal Tissue Effects in the Clinic) RT consortium con-
firmed this lack of consensus on safe doses to partial kidney 
volumes, and recommended that trials employing partial 
kidney RT/SBRT should be meticulous in their collection 
of baseline functional renal status, have close monitoring/
follow-up, and correlate toxicities with dose/volume data 
generated during radiation planning.32 Further defining the 
kidney by outlining the renal cortex and hila will yield even 
more robust long-term data.

Future directions 

It is clear that the rationale to consider SBRT in inoperable 
RCC is compelling, and that the “radio-resistant” label to 
RCC in the SBRT era should be removed. The non-invasive-
ness, convenience, and good therapeutic ratio of SBRT make 
it an attractive option for medically frail patients. However, 
it is also clear that outcomes data are limited, and there 
should be an emphasis in pursuing large-scale, collaborative 
prospective trials of SBRT in this patient population to mir-
ror the success story of early stage lung cancer. These trials 
should be aimed at collecting robust clinical, dosimetric, 
outcomes, and toxicity information at scheduled follow-
up intervals to demonstrate the long-term safety of SBRT. 
Follow-up should include methods to adequately evaluate 
kidney function either via serial laboratory/biomarker analy-
sis, quantitative imaging modalities, and/or regular cytologi-
cal evaluation. Given the paucity of data on quality of life 
post-SBRT in general, it will be important to capture the 
impact of SBRT on quality of life and its cost-effectiveness 
compared to other modalities.

As a result, a prospective, multicentre Canadian collab-
orative effort led by investigators in Toronto-Sunnybrook 
and Hamilton is soon to begin, which will address many 
of the issues above, and will also carefully evaluate quality 
of life, health utilities, and cost-effectiveness in this patient 
population.

Interest in SBRT beyond the primary RCC setting is also 
intriguing in the setting of oligometastatic or oligoprogres-
sive disease, in the pre-surgical and neoadjuvant setting, 
as well as in combination with targeted and novel agents. 
Such indications are beyond the scope of this review, but 
will hopefully continue to help further expand the role of 
SBRT in the management of RCC in general.

Conclusion 

SBRT is an emerging application in the management of RCC, 
with pre-clinical and clinical evidence demonstrating prom-
ising early results with respect to durable local control and 
minimal toxicity. Large scale, collaborative prospective trials 
are further required to support its budding role, and this will 
hopefully lead to randomized trials in the future that will 
establish its relevance in comparison to, and in addition to, 
currently accepted therapies.
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