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Abstract: The incidence of renal cell carcinoma (RCC) and metastatic adrenal lesions continues to rise
and present evolving complexities in terms of management. Technical challenges in treatment delivery are
compounded by the setting of an ageing patient population with multiple medical co-morbidities. While
the standard of care treatment for both primary RCC and oligometastatic adrenal lesions has typically been
surgery, a number of patients may be medically or surgically inoperable, and for whom alternative options
require consideration. Additionally, in metastatic disease, surgery presents an invasive option, sometimes
with unacceptable risks of perioperative morbidity and therefore is considered a less desirable option to
some. Stereotactic body radiotherapy (SBRT) is an established radiotherapy technique that is rapidly
being incorporated into many radiotherapy departments, particularly with the increasing availability and
capabilities of modern linear accelerators to deliver precise image guided treatment. There are considerable
advantages of SBRT including its ability to provide a non-invasive ablative treatment with very few
treatment sessions, with emerging evidence showing promising rates of local control (LC) and low associated
morbidity. This review details the use of SBRT for primary RCC as well as adrenal metastases, focusing on
issues including patient selection, technical considerations, and patient outcomes. Furthermore, this review
explores some recent insights into the radiobiology of RCC, the immunomodulatory effects of SBRT, and
the use of systemic agents with SBRT.
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Why stereotactic body radiotherapy (SBRT) for
primary renal cell carcinoma (RCC) and adrenal
metastases?

The increasing availability and access to cross-sectional
diagnostic imaging has led to a rising incidence of
both RCC and isolated adrenal metastases. Both these
disease states present therapeutic challenges due to
several factors, including an ageing patient population,
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patient co-morbidities, and the complexities of managing
oligometastatic disease (1-4). Historically both RCC
and oligometastatic adrenal lesions have been managed
surgically with good effect. There are however several
situations in which surgery is not ideal, such as in medically
inoperable patients, patients with bilateral renal tumors or
single kidneys, and in patients with pre-existing chronic
renal failure (CRF). In the oligometastatic setting, surgery
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represents an invasive management option that in some
cases pose unacceptable risks to the patient. Some disease,
for example larger or locally invasive adrenal gland
metastases may be technically challenging to completely
resect without considerable associated morbidity. Therefore
less invasive options are increasingly considered including
radiofrequency ablation (RFA), cryotherapy, microwave
ablation and more recently, SBRT. Advantages of SBRT
include its ability to provide a non-invasive ablative
option, the capacity to treat larger tumors, and evidence
suggestive of excellent local control (LC) rates and low
rates of toxicity. This review will focus on the use of SBRT
for primary RCC, adrenal metastases, and oligometastatic
RCC. Given the anatomical proximity of the adrenal gland
and the kidney, it is pertinent to consider in conjunction
the technical issues involved with delivery of SBRT to these
sites. This review will highlight both the challenges and
opportunities SBRT presents, in terms of its indications,
technical considerations, clinical outcomes and safety data
within these tumor contexts. It will conclude by discussing a
few special considerations and future directions. It is hoped
that this review may provide guidance to both established
and developing SBRT practitioners and centers.

Emerging indications for SBRT

Although nephrectomy remains the standard of care
treatment for primary RCC, there are several situations
where SBRT may present an alternative solution. The
potential indications for SBRT in primary RCC include
medically unfit patients, bilateral kidney malignancies,
patients with CRE, and patients with a single functioning
kidney. SBRT, does however, present unique technical
challenges, particularly in patients in whom the target
volume has proximity to the bowel and in patients with
very large tumors (5), although data is lacking as to the size
limit at which SBRT is no longer considered a viable or
effective option (6). While probe-based ablative techniques
for RCC treatment exist, including RFA and cryotherapy,
compared to these, SBRT is usually less invasive, and
often more suitable for frail patients including those on
anticoagulation. SBRT is able to treat more centrally placed
tumors, larger (>4 c¢m) tumors (7,8), and tumors situated
adjacent to the collecting system and vessels, without the
fistula and stricture concerns in these cases seen with other
modalities. For small renal masses, a meta-analysis suggests
that cryotherapy has a small but significant advantage over
RFA in terms of LC (94.8% versus 87.1%) (9), albeit with
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a greater proportion of laparoscopic procedures in the
cryotherapy literature as compared to mostly percutaneous
approaches with RFA. Whilst retrospective studies suggest
for smaller tumors that SBRT may have comparable
results to thermal ablation, there is no randomized data
available, and unfortunately, the first randomized trial
opened comparing SBRT and RFA has recently been
closed early due to lack of funding (Clinical trials database:
NCT02138578). For larger tumors, there is data to support
an increased complication rate in patients treated with
cryotherapy, and for this group of patients, SBRT may be
an advantageous alternative option. A prospective analysis
of 99 patients with ¢T1 RCC treated with cryotherapy
found the risk of intra-operative complications on
multivariate analysis to be significantly correlated to tumor
diameter, surface and volume, with a diameter of 35 mm
being predictive for an increased risk of complications (10).
Another study retrospectively identified 124 patients who
underwent cryotherapy at a single institution and found
the risk of disease progression and cryotherapy failure to
be significantly associated with hilar disease location and
tumor size greater than 3 cm (11). Whilst thermal ablative
techniques are highly dependent on operator experience,
SBRT can be protocolized and is permissive of standardized
dosimetric planning, quality assurance and peer review
of plans, translating to a high level of reproducibility of
outcomes and a less steep ‘learning curve’.

Metastatic disease at presentation and the development
of metastases in RCC is not uncommon (12). Increasingly
patients are being diagnosed with oligometastatic disease, a
term initially introduced in 1995 to represent patients in an
intermediary state between localized and widely metastatic
disease, in which long term disease free survival or even
cure may be possible (13). Cytoreductive nephrectomy (14)
and metastasectomy (15) historically have been standard
management options for patients with good prognosis
metastatic RCC. More recently however the role of
surgery to the primary in the context of targeted therapies
is being questioned through a number of clinical trials
(Clinical trials database: NCT02535351, NCT00930033,
NCT01099423). SBRT provides a less invasive option in
this group of patients with non-randomized data showing
excellent rates of LC with minimal toxicities (16), making
it an attractive but as yet untested approach. Future studies
addressing the role of SBRT to the primary tumor as an
alternative to cytoreductive nephrectomy in the context of
established metastatic disease are required.

Similarly, patients presenting with adrenal oligometastatic
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disease are often treated with surgery as a method of obtaining
LC, with radiotherapy reserved for palliation of symptoms
using conventional methods (17,18). There are studies
supporting long-term survival following aggressive
treatment of these patients (19-22). SBRT in oligometastatic
adrenal disease may provide a non-invasive option that
may have the added benefit of improved hormonal
function preservation (23). It may also be preferable to
adrenalectomy in cases with involvement of the adrenal
capsule or vascular pedicle. Hormonal deficits after
stereotactic radiotherapy are gradual in onset and expected
to manifest typically years after treatment (23,24), whilst
after adrenalectomy hormonal dysfunction is abrupt and
profound, particularly in patients with a solitary functioning
adrenal gland. Since 2013, SBRT has been listed as an
alternative option to surgery by the NCCN guidelines for
adrenal tumors (25).

RCC, immunomodulation, and the abscopal
effect

An abscopal effect is a rare effect which occurs “at a
distance from the irradiated volume but within the same
organism,” (26). A systematic review on abscopal effects
found seven case reports of abscopal effects in patients
with RCC, with other common primaries being melanoma
and lymphoma (27,28). The mechanism of action of the
abscopal effect is poorly understood. There are several
hypothesized mechanisms with an immunological basis, with
triggers that include stereotactic radiotherapy, although our
ability to predict or harness this phenomenon still remains
to be seen (29,30). In recent times, immunomodulatory
agents have revolutionized the treatment of metastatic
disease. Historically, interleukin-2 and more recently PD-1
inhibitors, including Nivolumab, have been shown to be
effective in metastatic RCC with a significant survival
benefit (31-33). Radiation damage is believed to induce
changes in the microenvironment and tumor antigen release
that could augment the effects of immunomodulatory
agents and work in a synergistic fashion. A Phase I study
looking at the combination of SBRT and IL-2 found
no dose limiting toxicities, and combination treatment
appeared to have increased efficacy over the use of IL-2
alone (34). A Phase II study has since been performed
considering this same combination in patients with RCC,
and an interim report showed a 40% response rate, which is
approximately twofold greater than historical controls (35).
These results are exciting and suggest that SBRT may prove
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to be a powerful immune sensitizer for immunomodulatory
agents. One of the main limitations to these trials however
is the choice of IL-2, which given alone is known to have
high rates of > Grade 3 toxicity. In recent years checkpoint
blockade inhibition with anti-CTLA-4 and anti-PD-1
antibody have been shown to be efficacious with lower rates
of toxicity. This combination is a promising area for future
research, with Australian researchers presently conducting
a phase II clinical trial combining anti-PD-1 with SBRT for
oligometastatic RCC (NCT02855203).

Technical considerations in precision radiation
delivery

SBRT comprises the delivery of a single or a few fractions
of ablative radiation treatments, delivered with high
conformality and rapid dose fall-off to an extracranial target.
Treatment units used to deliver SBRT include gantry-
operated linear accelerators, CyberKnife (Accuray Inc.,
Sunnyvale, CA, USA) robotic radiosurgery system, Helical
TomoTherapy, carbon ion therapy (36) and cyclotrons
or synchrotrons used to deliver proton therapy. Planning
techniques utilized by gantry-operated linear accelerators
include 3-dimensional conformal radiotherapy 3D CRT),
intensity modulated radiation therapy (IMRT), volumetric
modulated arc therapy (VMAT), and dynamic conformal
arcs. In terms of resource implications and workflow, linear
accelerators have the advantage of being able to treat
both stereotactic and non-stereotactic radiotherapy cases,
and globally would be the most widely available type of
treatment unit available in most radiotherapy departments.
CyberKnife® is a purpose built stereotactic unit and
comprises a compact linear accelerator with 12 different
sized circular collimators mounted upon a robotic arm,
with six degrees of positional freedom. In addition to its
ability to efficiently deliver numerous non-coplanar beams,
its accuracy is enhanced through the use of an optic image
guidance system, which allows for both tracking and real-
time correction of any tumor or patient movement through
adjustment of the robotic arm. This is performed using two
orthogonal X-ray sources attached to the ceiling, which
capture orthogonal images that are regularly compared
using fiducial markers or bony matching to the original
digitally reconstructed radiographs (DRR) and adjusted in
real time. For kidney and adrenal tumors, synchrony is used
for tracking of tumor motion caused by respiration. The
TomoTherapy HiArt System® (TomoTherapy, Madison,
Wisconsin, USA) delivers IMRT during continuous

Chin Clin Oncol 2017;6(Suppl 2):S17



Page 4 of 15

360-degree rotations, and can obtain megavoltage (MV)
CT images prior to treatment delivery. While all these
systems have the capability to deliver SBRT, with outcomes
appearing to be similar across treatment platforms, they
each have their own advantages and disadvantages, and
other factors including local expertise, and resource
implications should also be taken into consideration.
Regardless of the type of unit used to deliver SBRT,
an important consideration for treating the kidney and
adrenal gland using SBRT is motion management. The
kidney and adrenal gland move with respiration and
this needs to be quantified and accounted for, which
may often be challenging. One review assessing kidney
motion, unexpectedly found that the kidney moved the
least in free breathing patients (between 4.5 to 13.9 mm),
with a greater range of movement seen with the use of a
compression device or the prone position (between 4.6 and
18.1 mm) and the use of deep breathing and breath hold
techniques (between 10.1 to 41 mm) (37). A pilot study of
nine patients in which fiducial markers were inserted near
the adrenal gland revealed on average the markers moved
3.4, 5.4 and 9.9 mm in the left-right, anterior-posterior
and cranio-caudal directions respectively. There was no
difference between patients treated in the supine versus
the prone position (25). One study utilized a dual vacuum
stabilization device, which reduced kidney motion in six
out of nine participants, however increased motion in one
participant (38). Given the wide ranges seen in motion
between patients and the difficulties with limiting
free-breathing motion, when using an internal target
volume (ITV) concept, a thin cut 4DCT should also be
obtained during simulation and utilized. The I'TV should
subsequently be expanded by approximately 3-10 mm to
generate a PTV (5). Respiratory gating or tumor tracking
using implanted fiducial markers, if available, may be
used to allow for a reduction in ITV, and this is usually
incorporated into delivery of SBRT using CyberKnife®.
The target volume is usually defined using contrast
enhanced CT, with the addition of MRI and PET scans in
certain cases. MRI may be particularly useful in imaging the
upper and lower poles of the kidneys and in determining
invasion of vascular structures. FDG-PET although not
frequently used in patients with RCC, has a sensitivity
and specificity for metastatic RCC of 91% and 88%
respectively and may be a useful modality in addition to CT
if available (39). There is also emerging evidence as to the
use of PSMA PET in RCC, with a pilot study of 10 patients
with metastatic RCC, reporting two patients underwent
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treatment modification after PSMA PET, including one
patient in whom vascular invasion was identified which was
not seen on CT (40).

Several dose fractionation regimens have been used
in primary RCC and adrenal metastases. Typically, doses
employed in primary RCC commonly vary between 30 to
45 Gy in three to five fractions or single fraction regimes
of 25-26 Gy (41,42). The International Radiosurgery
Oncology Consortium for Kidney IROCK) developed a
set of international guidelines with the aim of standardizing
treatment delivery, supported by results of a survey sent to
eight international institutions (5). The guidelines report
doses used in these institutions varied between 25-80 Gy
in 1-12 fractions, and identified dose/fractionation as a key
area of inconsistency that requires further investigation.
One phase I dose escalation study escalated the radiation
dose from 24 Gy successfully to 48 Gy in four fractions,
finding this regimen safe and feasible, and further escalation
to 60 Gy in three fractions is ongoing (43). The selection
of a fractionation regimen outside of a study depends
upon multiple factors including adjacent critical organs
at risk (OAR) such as the contralateral kidney and small
bowel, and tumor size, with larger targets usually being
treated with more fractionated SBRT regimens. There
is limited evidence to guide us regarding the appropriate
dose that should be used for adrenal metastases. There is
a wide spectrum of doses used in the literature, which is
largely retrospective in nature. In one of the larger series,
doses used varied between 21 to 54 Gy in 3 fractions (44).
There is some evidence to support a correlation between
LC and BED (45). Extrapolating from literature in lung
SBRT, a BED, of >100 Gy may be more effective (46)
although further data is required to validate this in other
settings.

Different techniques may be used to plan SBRT,
depending upon the radiotherapy unit used. Beam number
and direction will also vary depending upon the technique
used, tumor size and position, and may be a combination
of both coplanar and non-coplanar beams. In general,
SBRT is usually prescribed to the 75-90% isodose line,
aiming for adequate PTV coverage, while still achieving
a steep dose gradient, and optimizing conformity, and
thereby protecting adjacent OARs. A study of 20 patients
treated with 3D CRT on a conventional linear accelerator
showed that the number of beams required increased with
the size of tumor (8 for PTV <100 cm’ and 10 for PTV
>100 cm’) (41). In addition, the dose gradient (quantified
by the intermediate dose spillage at 50% of the prescription
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dose, R50%) was inversely proportional to the number
of beams used. A small study by Sonier er 2/. compared
VMAT versus IMRT in delivery of SBRT for patients with
either primary RCC or adrenal metastases (47) and found
that VMAT performed better than IMRT with respect to
treatment time (4 versus 13 minutes respectively), target
homogeneity, 95% conformity index (1.32 versus 1.12),
and maximum point dose to adjacent OARs, while VMAT
performed worse with respect to low dose wash and
intermediate dose to distant OARs. A study by Scorsetti
et al. compared different treatment plans for adrenal
metastases with protons and photons for 10 patients
receiving a dose of 45 Gy in 7.5 Gy per fraction (48).
"Techniques assessed included VMAT, dynamic conformal
arcs, 3D conformal static fields, IMRT, and intensity
modulated protons. The most conformal plans were
achieved with IMRT and VMAT, while the lowest V10 Gy
and integral dose was achieved by protons. Ongoing studies
will hopefully assist in informing guidelines and benchmarks
for minimum PTV coverage, and conformity indices, that
will improve and standardize delivery of SBRT.

Organ at risk constraints are another area in which
our knowledge is still evolving. A critical issue in delivery
of SBRT for primary RCC is ascertaining kidney
tolerances to partial volume and high dose irradiation.
Quantitative Analysis of Normal Tissue Effects in the
Clinic (QUANTEC) guidelines report that there is no
established consensus for kidney dose constraints (49).
IROCK guidelines provide consensus recommendations for
OAR constraints (5), including to the contralateral kidney.
The guidelines suggest for 3 fraction regimens to aim for
V10 <33% while for all other fractionations to aim for
as low as reasonably achievable (ALARA). No consensus
could be reached for patients with a single kidney, although
a recommendation to avoid as much normal parenchyma
as possible was made. Estimated glomerular filtration rate
(eGFR) measurements are usually recommended as an
appropriate end point to measure renal function. However,
more recently imaging is being utilized as it provides
geographical and volumetric data regarding renal perfusion
and associated kidney damage (50). Other critical OARs
include the small bowel, large bowel, liver, spinal cord,
lungs, and stomach and dose constraints for these organs
vary depending upon the fractionation used, however the
data supporting this is limited.

Image guidance is another key component of successful
SBRT. While CyberKnife® allows for continuous on
treatment imaging, with any variation being accounted
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for by adjustment of the robotic arm, image verification
for linear accelerator based treatment usually requires
pre-treatment image verification with cone beam CT for
soft tissue matching to I'TV/PTV, with intra-fractional
monitoring also commonly utilized by many centers (5).

Efficacy and safety data for SBRT in RCC

The most recently published prospective clinical trial of 37
patients with inoperable primary RCC demonstrated SBRT
to have excellent LC with low rates of toxicity (51). The
majority of patients had T1b disease (>4 cm). The study
used a dose of either 26 Gy in a single fraction or 42 Gy in
3 fractions for patients with disease >5 cm, and reported
89% of patients were able to complete treatment. Two-
year freedom from local progression, distant progression,
and overall survival rates were reported as 100%, 89% and
92%, respectively. Minor treatment related toxicities were
reported in a large majority of patients (78%) with early
Grade 1 fatigue and late Grade 1 chest wall pain being most
commonly seen. Severe toxicities however were rare, with
only 1 patient experiencing Grade 3 late fatigue, and no
Grade 4 or 5 toxicities seen. Another recent prospective
study was a Phase I dose escalation study by Ponsky er al.
(2015), in which doses from 24 Gy to 48 Gy in 4 fractions
were delivered to 19 patients (43). Median follow up for
the study was 13.7 months. Stable disease was seen in
12 patients, and a partial response in three patients. Of
11 patients that had post treatment biopsies, two achieved
negative results. Estimated 3-year OS post SBRT was 72%.
Acute toxicities seen included one patient with Grade 2
fatigue and one with Grade 4 duodenal ulcer 44 days post
treatment, which was thought to be potentially related
to SBRT. In the latter case, the maximum point dose to
the bowel was 54 Gy in 4 fractions. Treatment related
late toxicities included one patient with Grade 2 urinary
incontinence, two with Grade 3 renal toxicity (with eGRF of
15 and 16 mL/min/1.73 m®) and one patient with Grade 4
duodenal ulcer (same as patient with acute ulcer).

The findings of these studies are supported by a
systematic review published in 2012 of 10 studies (including
3 prospective studies) comprising of 126 patients (16). The
overall weighted LC was 93% and the weighted rate of
> Grade 3 toxicity was 4%. Follow up for most of the trials
was 2-3 years. Since 2012, newer prospective studies also
continue to report short to medium term high LC rates
and low rates of toxicity (41-43,52). Overall the main acute
toxicity reported in these studies are acute fatigue, nausea,
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radiation dermatitis and enteritis. Severe toxicities rates are
much lower, however importantly include renal and skin
toxicity and duodenal ulcer (36,43,53). A summary of the
current evidence is found in Table 1.

The impact of SBRT on renal function is an important
consideration. Encouragingly, the rates of dialysis post
SBRT are low (50,54,55). There is some data to suggest
that a dose response relationship exists, with minimal renal
function deficit (measured by calculated chromium-51
EDTA GFR and DMSA SPECT split functional imaging),
seen in patients receiving 10 Gy or less in a single fraction,
and plateauing above 100 Gy (BEDj) (50). In this study, the
R50% conformity index correlated to GFR loss and this
value could be reviewed and minimized in order to curtail
any adverse effect upon kidney function. Renal atrophy,
as defined by change in renal volume, is another measure
of renal dysfunction that has been studied in relation to
the effects of radiotherapy. A small study of 14 patients
treated with SBRT total doses of 50 to 70 Gy, showed renal
atrophy to significantly correlate with V20-V30 Gy in
10 fractions (56). The median change in irradiated kidney
volume in this study was 160.4 to 137.1cc with an associated
change in median creatinine levels from 1.1 mg/dL to a
peak of 1.6 mg/dL. Additionally, the rate of renal atrophy
was significantly lower in patients who underwent fiducial
marker insertion. Overall there was no Grade 2 renal
toxicity or hemodialysis reported.

Additionally, there is emerging data from small series
that even in patients with a pre-existing renal insult,
SBRT may be a safe strategy. One study, reporting on nine
patients with a mean baseline eGFR of 52 mL/min who
were deemed to be at high risk of requiring dialysis post-
operatively, were treated instead with SBRT (50). While
there was a significant reduction seen in eGFR following
SBRT to 43ml/min, no patients required dialysis. Another
small study of 3 patients with even poorer renal function,
with eGFRs of between 17.51 and 34.79 mL/min, used
CyberKnife®-based SBRT to deliver 40 Gy in 5 fraction for
primary inoperable RCC (57). In this study, 1 patient with
eGFR of 17.51 mL/min experienced a reduction in eGFR
at 26 months to 12.28 mL/min, constituting renal failure,
although lived dialysis free prior to this. She received an
ipsilateral kidney V15 Gy of 28%. The other two patients
experienced a small reduction of eGFR to just below
30 mL/min, however did not require dialysis. No patients
experienced local failure, suggesting even in patients with
severe CRE, SBRT may present an option in those ineligible
for extirpative surgery. Patients with single kidneys may also
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safely receive SBRT, with a study on seven such patients
reporting a moderate elevation in creatinine levels in only
two patients to 160 pmol/L with no patients requiring
dialysis (54). These small series provide encouraging results
although further data is required regarding patients with
pre-existing renal dysfunction and establishing safe OAR
constraints to better predict renal outcomes following
treatment.

Efficacy and safety data for SBRT in adrenal
metastases

Similar to the setting of primary RCC, the majority of data
on adrenal SBRT is retrospective with some prospective
studies emerging. A systematic review from 2014 reported
on the use of surgical treatment, stereotactic radiotherapy
and percutaneous catheter ablation (PCA) as treatment
options for patients with adrenal metastases (58). Overall
in this review, 178 patients received SBRT, with 68% of
patients diagnosed with primary lung cancer, and 48% of
the cohort reported to have isolated disease. The 1-year LC
ranged between 44% and 100%, and the weighted 2 year
LC was 63% (range, 27% to 100%). Given the range of
doses and small study numbers, it is difficult to comment on
the existence of a dose response relationship. The largest
series within the systematic review was of 48 patients, with
a reported 2-year LC of 90%. Most patients in this study
received 36 Gy in 3 fractions (BED, 79) prescribed to
the covering 70% isodose, resulting in a maximum PTV
dose of approximately BED,, 137 Gy (44). Other studies
reported 100% LC rates, using median prescribed BED,,
of 86 Gy (59) and 77 Gy (25). More recent studies have
shown similar LC to that reported in the systematic review
(45,60,61). A summary of the current evidence is found in
Table 2. Within the systematic review, the data for LC for
PCA was too limited to compare across modalities, however
the pooled 2 year LC and OS for adrenalectomy was higher
than that seen in SBRT at 84% versus 63% and 46% versus
19%, respectively. In the context of this non-randomized
comparison, a number of possible factors could explain
the differences seen between surgery and radiotherapy,
including patient selection, differences in baseline patient
characteristics, metastatic burden (75% of surgical versus
48% of SBRT patients with isolated disease), and primary
histology (68% surgical versus 33% RT patients with
primary lung cancer), and the range of SBRT doses utilized
(with BED,;as low as 28 Gy in some patients). Where
reported, toxicities were generally mild, with no Grade
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Table 1 Review of SABR literature for primary RCC
) Fo“O.W “up Average marginal Outcome—crude Estimated Overall survival .
Author/year  Patients  (median or 2-year local ) Toxicities
dose (Gy) local control median
mean) control
Chang et al. 16 19 30-40 Gy in5 100% NR NR 1 Grade 2 acute
2016 fractions toxicity and 2 Grade
4 |ate toxicities
Gilson et al. 33 17 Median 40 Gy in 94% 92 NR NR
2006 5 fractions
Loetal 2014 3 21.7 40 Gy in 5 fractions 100% NR NR Early: 1 x Grade 1
cyberknife nausea, late: nil
McBride 15 36.7 Median 33 Gy in 87%, 1 failure at NR NR 1 x Grade 3 renal
etal. 2013 3 fractions 30.7 mo, 1 failure toxicity, 5 x Grade 1
(abstract) at 31.2 mo fatigue, 2 x Grade 1
nausea
Nair et al. 3 13.3 39 Gy in 3 fractions 100% NR NR Early: 1 x Grade 1
2013 nausea, late: nil
Nomiya 10 57.5 Median 4.5 Gy x 16 fx 100% 100 5-year OS 74% 10% Grade 4
et al. 2008 toxicity, no other
toxicities > Grade 1
Qian 20 12 40 Gy in 5 fractions 93% 86 NR NR
et al. 2003
(abstract)
Pham et al. 20 6 26 Gy in 1 fraction, NR NR NR 60% Grade 1-2, No
2014 42 Gy in 3 fractions Grade 3, Grade 4
Ponksy et al. 19 13.7 Max 48 Gy in NR NR NR 5.2% Grade 2,
2015 4 fractions 15.8% Grade 3-4
Svedman 5 52 40 Gy in4or 80% 91 Median survival 89% Grade 1-2, 4%
et al. 2006 5 fractions, 45 Gy in 32 months Grade 3
3 fractions
Svedman 7 39 40 Gy in 4 fractions 86% 91 NR 58% Grade 1-2,
et al. 2008 nil else
Teh et al. 2 9 24-48 Gy in 3-6 fx 100% 100 NR NR
2007
Staehler 30+ 28.1 25 Gy in 1 fraction 98% NR Not attained 13% Grade 1-2,
etal. 2015 cyberknife (at 9 mo)t after median nil else
28.1 monthst
Wang et al. 9 38.3 36-51 Gy to 50% 5-year LC43% NR 5-year OS 35% Early: 44% Grade
2014 isodose line at 3-5 Gy 1 (Gl, haem), late:
per fraction 22% Grade 2 (Gl)
Wersall et al. 8 37 40 Gy in 4 or 100% 100 Median survival 20% Grade 1-2,
2005 5 fractions, 45 Gy in 58+ months 19% Grade 3, nil
3 fractions > Grade 4

+, report included an additional 15 patients with TCC; %, pooled results with patients treated for TCC. SBRT, stereotactic body
radiotherapy; RCC, renal cell carcinoma; NR, not reported; Gy, Gray.
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3—4 toxicities. Rates of acute and late Grade 2 GI toxicity
varied between 6-22% and 5-18% respectively. One patient
had late Grade 2 fatigue and one patient had late Grade
2 adrenal insufficiency. While these results are generally
reassuring, a separate case report of a fatal gastric ulcer with
SBRT and concurrent vinorelbine (62) suggests that caution
must be applied in treating intra-abdominal disease with
SBRT given the rare potential for severe GI adverse effect
that may be seen.

Issues and controversies in post-treatment
follow-up

The aims of follow up include monitoring for adverse
effects of treatment and cancer control. Following SBRT
however, there are a number of considerations include
timing, modality of follow up and definitions of LC that
can present challenging issues for the clinician. LC is often
measured using CT, and occasionally using MRI or PET,
and variably using the response evaluation criteria in solid
tumors (RECIST) system. The RECIST system however
is a generalized system that is applied to all solid tumor
measurements and does not take into account the specifics
of the area being treated nor the modality of treatment. The
American Urological Association (AUA) have developed
a definition specific to the kidney in the context of post-
surgical changes. While this is more specific than RECIST,
it may be problematic when applied in the post SBRT
setting (63). In particular the absence of enhancement,
which may be applicable to surgery, and even RFA and
cryotherapy (64) is not particularly useful following SBRT,
as contrast enhancement changes often slowly evolve
after SBRT (65). Size, while often used clinically, can be a
crude measurement, and once again, not always relevant
post radiotherapy, following which many tumors may
not significantly reduce in size, or shrink over a period
of many months to years, and occasionally may develop
pseudoprogressive changes, with initial enlargement
commonly in the immediate 3-6 months post-treatment (36).
Whilst the biological mechanism of this initial change is
not understood, it may be due to initial post-treatment
inflammation secondary to very large dose per fraction
radiation. Given these uncertainties, practical methods of
addressing these issues in clinic and within trials, include
delaying initial follow up imaging to approximately
6 months post treatment, and use of absence of progression
rather than tumor regression as an endpoint to measure
treatment success. Other strategies being explored include

© Chinese Clinical Oncology. All rights reserved.
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novel imaging modalities, such as diffusion weighted
MRI, dynamic contrast enhanced MRI (66-68) and PET
scans (see Figure 1) (65). Biopsy post treatment is another
consideration, however interpretation and timing of biopsies
also pose difficulties, as shown in one study in which 64%
of RCC biopsies were positive 6 months after SBRT, yet
failed to progress on subsequent imaging (43). Additionally,
a case report of an autopsy performed 2.5 years following
SBRT to 60 Gy in 10 fractions to a primary RCC, showed
partial imaging response, with histopathological assessment
showing almost complete tumor necrosis, although with
a few viable tumor cells still present (69). The issue of
biopsy timing in addition to imaging timing may be an
important consideration and is being explored in a current
trial (Clinical trials database: NCT02141919). Lastly serum
biomarkers are increasingly being investigated and provide
another avenue for follow up and may prove useful in the

future (51).

RCC and inherent ‘radioresistance’—have we
seen this all before?

Radiotherapy has typically been sidelined in the treatment
of primary RCC, partly due to disappointing pre-clinical
and randomized clinical study results that utilized 2 Gy
per fraction and now outdated radiotherapy techniques
(70-73). These studies suggested that RCC was inherently
radioresistant and fostered nihilism amongst clinicians,
which ignored the limitations of these studies particularly
in the context of modern clinical practice. Technical
advances and the implementation of SBRT, as well as
a greater understanding of the radiobiology of RCC,
have allowed radiotherapy to re-emerge as a viable and
promising treatment option. Ablative dose per fraction
radiotherapy activates a different apoptosis pathway
compared to conventional radiotherapy, resulting in
translocation of ASMase and formation of pro-apoptotic
ceramide, which within one hour of radiotherapy delivery
produces endothelial cell death, critical in the realization of
tumor kill for vascular malignancies such as RCC (74-77).
Conventional radiotherapy causes oxygen-dependent DNA
damage and P53-mediated programmed cell death, which
allows amassing of pro-angiogenic factors, and ongoing
viability of the vascular endothelium. The effectiveness
of high doses of radiotherapy, are further supported by
pre-clinical studies, including a study on 12 nude mice
with RCC (A498 cell line) which delivered 48 Gy in three
weekly fractions and showed 30% tumor regression and

Chin Clin Oncol 2017;6(Suppl 2):S17
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Figure 1 FDG versus PSMA PET for follow-up of SBRT for RCC (adapted from Siva ez a/. 2017). SBRT, stereotactic ablative body

radiotherapy; RCC, renal cell carcinoma.

no active mitoses in the irradiated mice, while the control
mice showed tumor progression and up to 14 mitoses per
high powered field at seven weeks (78). Cell survival curve
studies also provide evidence for the use of stereotactic
radiotherapy, including a study of two human RCC cell
lines (A498 and Caki-1) which show the o/f ratio of RCC is
relatively low (2.6 and 6.9 respectively) and therefore likely
more sensitive to high fractional doses (79).

Future directions

SBRT is a technique that is being rapidly incorporated
worldwide into modern day radiotherapy practices. While
the SBRT data is maturing in some tumor streams such as
lung, evidence for SBRT in RCC and adrenal metastases
is rapidly emerging although remains in relatively early

© Chinese Clinical Oncology. All rights reserved.
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stages. Although there are a number of advantages, there
are some limitations that also need to be considered (see
Table 3). There is an urgent need for long-term data from
prospective trials for both patient-centric and objective
measures of efficacy and safety. Our knowledge regarding
patient selection is improving, however requires ongoing
refinement. We also need to concentrate efforts on the
development of sophisticated parameters, including
biomarkers, and imaging technology for measuring
outcomes, that better predict and quantify treatment
response as well as organ function. The immunomodulatory
effect requires further exploration, not only in the context
of the abscopal effect, but in the potential of radiotherapy
to augment and sensitize the effects of currently available
immune modulating agents. Looking forward, ongoing and
future studies will hopefully build upon the current body of

Chin Clin Oncol 2017;6(Suppl 2):S17
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Table 3 Advantages and disadvantages of SBRT to treat RCC/adrenal
oligometastases

Advantages Disadvantages

Outpatient treatment Limited pathologic assessment

Low complication/
toxicity rate

Lower limit of renal function pre-SBRT
remains undefined

Promising local control ~ Challenging to manage kidney/adrenal

motion

May stimulate anti-
tumour immunity

Ideal treatment response assessment
modality not yet established

Suitable for surgically
unresectable tumours

Robust technical and quality
assurance requirements required

Feasible in a functionally
solitary organ

SBRT, stereotactic body radiotherapy; RCC, renal cell carcinoma.

literature to address any current gaps and allow clinicians
and patients to continue to utilize and benefit from the use
of SBRT.
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