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Stereotactic body radiation therapy for metastases to the kidney 
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Background: Cancer metastasis to the kidney is a rare event; treatment must take into account the 
associated and unique anatomic and physiological challenges of treating the kidney. Stereotactic body 
radiation therapy (SBRT) is a widely emerging modality of radiotherapy touted for its ability to minimize 
irradiation to surrounding tissues and to provide a vastly shortened treatment course that is highly 
biologically potent. However, the use of SBRT to treat kidney neoplasms has been described in only a few 
case reports generally for primary renal malignancies. The role of SBRT in patients with renal metastasis, in 
providing durable local control and palliation of symptoms, is currently undefined. 
Methods: We conducted a retrospective study of patients with non-small cell lung cancer (NSCLC) and 
symptomatic renal metastases treated with SBRT. All patients meeting these criteria from a single institution 
were included. 
Results: Symptomatic relief and early tumor control was achieved in all patients. We demonstrate that 
SBRT is a safe and effective treatment for renal metastases, with ability to spare surrounding tissues and to 
be delivered in a convenient treatment course of no more than 5 fractions, which lends support to its use in 
palliative care and appropriate oligometastatic scenarios. 
Conclusions: Further corroborative work is needed to assess kidney function after SBRT and to better 
characterize the expected duration of local control and palliative relief following SBRT.
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Introduction

The great successes of stereotactic radiosurgery (SRS) for 
intracranial metastases prompted logical assessment as to 
whether similar treatments could be delivered to other body 
sites. The advent of stereotactic body radiation therapy 
(SBRT), also known as stereotactic ablative radiotherapy 
(SABR), consists of several hallmark characteristics shared 

with SRS. First, SBRT mandates substantial attention to 
patient immobilization and accountability for tumor motion 
between, and in many cases, during, treatments. Owing 
to the utilization of many precise radiation beams, SBRT 
affords superior conformity to the target volume, resulting 
in a steep dose drop-off of irradiation dose between the 
tumor volume and surrounding organs at risk. Lastly, SBRT 
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most classically is accomplished in five or fewer treatments 
of large ablative doses delivered during each radiation 
fraction, allowing for optimal patient convenience. 

These properties of SBRT have allowed its capabilities to 
be translated into treatment of a variety of tumors in many 
different areas of the body. The most well characterized 
treatment with SBRT is that of primary lung cancer, for 
which SBRT has been shown to be a safe and effective 
treatment for medically inoperable early stage lung cancer 
(1-4), operable early stage lung cancer (5-7), large primary 
lung tumors greater than 5 cm (8-10), and early stage small 
cell lung cancer (11-13). SBRT is also increasingly being 
used in stage IV disease for palliative purposes (14-16) 
and even for definitive therapy in oligometastatic disease  
(17-19). SBRT for oligometastatic disease is generally 
associated with limited toxicities and high rates of local 
control, which in selected patients can allow for delays 
until the need for systemic therapy, an improvement 
in progression free survival, or potentially even an 
improvement in overall survival (20,21). However, studies 
remain hampered by a lack of uniformity in patient selection 
and aggressiveness of treatment (both regarding number 
and type of metastases as well as patient-related factors such 
as age and performance status) (22,23). 

Although metastasis to the kidney is rare, with only a few 
case reports described thus far (24-28), current management 
is largely limited to extrapolation from SBRT in primary 
renal cell carcinoma (RCC) cases (29,30). Hence, there 
is a clear need for further clinical experiences of utilizing 
SBRT in these circumstances and assessing outcomes and 
toxicities. The high conformality of SBRT makes it an 
attractive option to treat renal lesions, including in patients 
with some degree of renal dysfunction (31) or sparing parts 
of the same kidney as the lesion, which is particularly useful 
in patients with one functioning kidney or patients in whom 
kidney function has been reduced from the metastasis itself 
or from the effects of cytotoxic chemotherapy (32). 

In the absence of more experiences, and multiple 
aforementioned cases documenting kidney metastases 
without examining clinical management (24,26), this is 
the largest series to date of patients with renal metastases, 
as well as the only report examining SBRT treatment for 
such conditions, including associated treatment course, 
outcomes, and toxicities.

Methods

This is an Institutional Review Board (University of 

Pennsylvania)-approved retrospective analysis of patients 
with biopsy-proven, metastatic cancer involving the kidney 
that received SBRT. Ethics Committee approval was not 
required per institutional guidelines. Primary RCCs were 
not included in this analysis. Chart review was performed in 
order to determine clinical course, including outcomes and 
toxicities, in these patients.

 Prior to radiotherapy treatment, patients underwent 
four-dimensional CT simulation using body fixation 
and immobilization devices, with supine positioning and 
arms abducted. Intravenous contrast was given unless 
renal function precluded administration. Pre-simulation 
images, including PET-CT scans and MRIs, were fused to 
simulation images to aid in target delineation. On the free-
breathing scan, the gross tumor volume was contoured; an 
internal target volume was delineated based on expansion 
of the gross tumor volume based on tumor motion from 
eight different breathing phases, followed by an additional  
0.3–0.5 cm margin expansion to form the planning 
target volume (PTV). Normal tissues were contoured in 
accordance with Radiation Therapy Oncology Group 
(RTOG) guidelines (33). Dose constraints used were from 
many sources, including QUANTEC (34), SBRT dose 
tolerance publications (35), the RTOG 0631 protocol (36), 
and other previous reports discussed on SBRT for primary 
RCC. The prescribed dose was required to cover at least 
95% of the PTV.

Immediately prior to each treatment, patients were 
instructed not to take anything by mouth so as to avoid 
gross bowel distension. Daily image guidance with cone-
beam CTs pre-treatment was performed before each 
fraction.

During radiotherapy, acute toxicities and tolerance of 
treatment were assessed. Acute and late toxicities were 
evaluated at each follow-up, with visits occurring 1 month 
following SBRT completion, 3 months following SBRT 
completion, and generally every 2–4 months thereafter 
depending on the clinical circumstance of each patient, 
including subsequent therapies. Imaging, generally with 
computed tomography (CT) with intravenous contrast 
but otherwise positron emission tomography-CT (PET-
CT), was performed prior to each follow-up visit with 
the exception of the first follow-up visit that occurred  
1 month following SBRT completion. Primary outcome 
measures included pain and symptomatic response, as well 
as disease controls and treatment toxicities as assessed by 
the Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0.
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Results

Case 1

A 57-year-old female experienced a mechanical fall with 
persistent chest pain thereafter. This led to imaging, which 
illustrated a 4×4 cm right suprahilar mass obliterating the 
right upper lobe apical segmental bronchus. There was 
FDG avidity in the ipsilateral mediastinum and bilateral 
hila. Pathology showed adenocarcinoma of lung primary. 
Concurrent chemoradiation was then started, with 
radiotherapy to a total dose of 66.6 Gy; she received 3 cycles 
of maintenance carboplatin/paclitaxel following thoracic 
radiotherapy completion. Approximately 20 months 
thereafter, she developed headaches and confusion. Brain 
MRI confirmed the presence of multiple brain metastases; 
there was no systemic disease noted on imaging. She 
underwent resection of the largest (4 cm) right frontal lobe 
lesion, followed by whole brain radiotherapy (3,500 cGy in 
14 fractions). She then received chemotherapy (carboplatin, 
pemetrexed, and bevacizumab), which was discontinued 
after 3 months owing to a poorly-healing scalp wound. 

The patient had stable disease for the next 7 months, 
when imaging revealed a new 1.6×1.5 cm enhancing mass 
along the posterior aspect of the lower pole of the right 
kidney (Figure 1A). She noted new onset intermittent 
right flank pain beginning approximately 1 month prior 
to that imaging. She underwent a course of SBRT to 
the isolated renal lesion to a dose of 24 Gy in 3 fractions  
(Figure 1B). She did not report side effects from this 
therapy. Four months later, by which time the wound had 
healed, pemetrexed and bevacizumab was restarted for a 
total of 5 months. Six months thereafter, PET-CT revealed 
complete metabolic response of her renal metastasis and 
excellent anatomical response (Figure 1C). At that time, she 
noted complete pain response. She subsequently developed 

a right hepatic lobe metastasis and is being treated with 
single-agent pemetrexed.

Case 2

A 77-year-old man was to undergo stent placement 
for an abdominal aortic aneurysm (AAA). During 
preoperative workup, imaging revealed a 2.7 cm pleural-
based left lower lobe mass that was FDG avid without 
other foci of disease. Following AAA repair, restaging 
scans demonstrated slight increase in size to 3.1 cm, 
without pathologic lymphadenopathy or distant disease. 
He declined definitive surgery and underwent SBRT to 
the lung lesion to 50 Gy delivered in 5 fractions. The 
patient remained without evidence of disease for one 
and a half years, when he presented with early satiety 
and diffuse abdominal pain (right greater than left) 
requiring narcotics. Imaging revealed a malignant-
appearing right renal lesion (Figure 2A). CT-guided 
biopsy revealed this to be a squamous cell carcinoma 
morphologically consistent with a lung metastasis, instead 
of a primary RCC. He again wished to avoid surgery, and 
SBRT was delivered to his only site of known disease to  
30 Gy in 5 fractions (Figure 2B). He reported grade 1 
fatigue that persisted for several months, as well as grade 1 
nausea not requiring intervention that was intermittent and 
lasted only a day beyond treatment. He achieved an early 
partial pain response that was sustained throughout the 
course of his follow-up and allowed for him to come off of 
narcotics.

He was without evidence of disease for the following  
8 months, until imaging revealed an ipsilateral perinephric 
metastatic implant. He then commenced pembrolizumab 
for this progression.

Figure 1 Clinical images of Case 1. (A) CT abdomen with contrast of Patient 1 displaying the right renal lesion enclosed in the gross tumor 
volume (red); (B) CT abdomen with contrast of Patient 1 illustrating the SBRT dose distribution; (C) CT abdomen with contrast of Patient 
1 at six months after SBRT exhibiting excellent tumor response.

CBA
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Case 3

A 69-year-old male initially presented with a nonproductive 
cough. Further imaging demonstrated an 8×8 cm left 
lower lobe mass with two enlarged ipsilateral mediastinal 
nodes and an ipsilateral hilar node. Pathology revealed 
poorly-differentiated bronchogenic carcinoma with 
squamous features. MRI brain revealed five small cerebellar 
metastases. Multidisciplinary recommendation was to 
proceed with definitive oligometastatic therapy. Concurrent 
chemoradiation was commenced; however, during treatment 
he began experiencing right hip pain, and imaging revealed 
a right supra-acetabular lytic lesion with associated 
pathologic fracture. He received palliative radiotherapy to 
the supra-acetabular lesion along with the completion of his 
thoracic radiotherapy. He was also treated with SRS to the 
intracranial metastases.

Three months later, he underwent restaging PET-CT 

and brain MRI, which showed a new right occipital lobe 
metastasis along with fluorodeoxyglucose (FDG)-avid 
disease in the cecum, small bowel, a left cervical lymph 
node, and the lower pole of the right kidney. 

He then continued on chemotherapy and received SRS 
to the right occipital metastasis. A month later, he was put 
on nivolumab, which was continued for the next 3 months. 
However, imaging demonstrated increasing size of the 
existing abdominal disease, and new mesenteric lymph 
nodes and a new right hepatic lesion. When nivolumab 
was stopped, he began to have diffuse abdominal pain that 
started from waxing/waning lower abdominal pain. At 
that point, imaging showed progression of mesenteric and 
small bowel metastasis now causing a bowel obstruction, 
along with a significant increase in a right renal lesion, 
which began involving the collecting system without noted 
hydronephrosis. 

He received palliative radiotherapy to the bowel lesion, 
after which the bowel obstruction clinically improved, 
but he continued to localize pain in the right flank. He 
was then put on a clinical trial of pembrolizumab. After 
multidisciplinary discussion based on the risks of local 
progression and good response to radiotherapy in the 
abdomen, it was elected to treat the renal lesion with SBRT, 
and to monitor the mesenteric lymphadenopathy and liver 
metastasis. 

He then underwent a course of SBRT to the right kidney 
lesion (Figure 3), administered in three fractions of 800 cGy 
each. He tolerated this well without acute toxicities caused 
by SBRT and at one month following SBRT denied any 
persistence of abdominal pain. Three months after SBRT 
completion, he passed away from worsening intracerebral 
disease.

Figure 2 Clinical images of Case 2. (A) CT abdomen without contrast of Patient 2 revealing the right kidney metastasis enclosed in the 
gross tumor volume (red); (B) CT abdomen without contrast of Patient 2 demonstrating the SBRT dose distribution.

BA

Figure 3 CT abdomen with contrast of Patient 3 showing the 
SBRT dose distribution with treatment arc.
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Case 4

A 72-year-old female presented with cough and was found 
to have a dominant right upper lobe lung cancer and 
multiple bilateral lung nodules consistent with thoracic-
only stage IV disease. Pathology revealed adenocarcinoma 
of lung origin. She was initially treated with systemic 
therapy. Nine months after treatment initiation, while on 
maintenance chemotherapy, she developed progression in 
the right lower lobe, along with a new, asymptomatic right 
renal lesion. Biopsy of the renal lesion confirmed lung 
metastasis. Palliative radiotherapy was administered to the 
right lower lobe area, along with the renal mass (24 Gy in  
3 fractions). She did not report side effects from SBRT. She 
was observed off of systemic therapy following radiation 
therapy, and imaging 3 months following SBRT revealed 
significant partial response by size to her kidney metastasis.

Discussion 

This report is the largest known series of patients with renal 
metastases, as well as the only known series of these patients 
treated with SBRT. Based on this limited experience, we 
found SBRT to be a safe and effective treatment modality, 
making it an important tool in the palliative care setting.

Although there are other radiotherapy techniques 
available to utilize in the palliative setting, SBRT was 
elected in these patients for several reasons. First, its 
ability to deliver ablative doses in 5 or fewer fractions 
is both radiobiologically and logistically advantageous 
as compared to conventionally-fractionated (or even 
hypofractionated) photon treatment. These advantages 
can allow for improvements in local control and in patient 
convenience, respectively. SBRT is also highly conformal, 
which was particularly important in these patients, either 
due to their large tumor sizes or being able to better spare 
bowel and other nearby organs-at-risk from irradiation. 
This property is similar to proton and particle therapy, 
which have previously been shown compared with photons 
to better protect nearby organs-at-risk in patients with non-
small cell lung cancer (NSCLC) (37,38), the diagnosis of 
our study population, as well as those with gastrointestinal 
malignancies (39), the region our study population was 
treated to. However, SBRT is generally more cost-effective 
in the palliative setting, and SBRT is also offered at most 
modern radiotherapy centers, unlike particle therapy. 
There are also currently no published experiences with 
particle therapy in this setting, and given renal tumors have 

intrafractional motion, there is a potential concern of an 
interplay effect and thus risk of undertreating the tumor 
volume that has been reported for SBRT (40) but is an 
even bigger risk with particle therapy (41). However, SBRT 
does have disadvantages as compared to conventionally-
fractionated therapy (e.g., possibly less cost-effective and/
or potential toxicities when delivering higher doses per 
fraction to nearby organs-at-risk) and particle therapy (e.g., 
less conformal).

There are several reflections from our analysis. First, 
SBRT did not cause appreciable toxicities in a patient 
population with advanced disease for whom a primary 
oncologic principle is to “do no harm”. This is essential 
to confirm the value of palliative SBRT in any setting. 
Second, in all cases, SBRT provided satisfactory local 
control, without in-field recurrences noted during these 
relatively early time points. Indeed, as seen herein, when 
SBRT is applied to the kidney, it is often utilized as a means 
to control local disease progression. In this manner, we 
propose the term “definitive palliation” to represent the 
expectation of “definitive” local control (that is, a complete 
response or lack of future progression within the irradiated 
area) for the remainder of life of a patient. Third, patients 
presenting with renal neoplasms can often present with 
vague symptoms such as early satiety, dull abdominal or 
back pain, and/or gastrointestinal symptoms. In our series, 
3 patients presented with pain and 1 with early satiety. In 
all cases, the symptoms improved, with 2 of the 3 patients 
having a complete pain response, and the remaining patient 
a partial response that allowed for the discontinuation of 
narcotics. This further lends support for the value of SBRT 
for symptomatic palliation purposes. Fourth, we recognize 
that tumor response and symptomatic relief in this series 
might have been confounded by receipt of chemotherapy. 
However, several patients had progressed on chemotherapy, 
which is why SBRT was recommended in the first place.

More broadly, selecting patients for relatively aggressive 
treatment, including renal SBRT, is a prime concern going 
forward. However, SBRT might be particularly useful for 
kidney lesions when radiation therapy is needed, since 
even palliative low doses of irradiation can result in nausea 
and other morbidities due to the close proximity of renal 
lesions to other normal critical structures like the liver, 
stomach, and bowel. In previous studies, patients have 
been analyzed according to known poor prognostic factors 
affecting survival after SBRT for oligometastases, such 
as more than one metastasis and bone metastases (42). 
Additionally, four variables studied in a Belgian report (43)—
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non-adenocarcinoma histology, male gender, synchronous 
oligometastatic disease, intracranial metastases—revealed 
that median survival with 0, 1, 2, 3, and 4 risk factors were 
40, 29, 23, 9, and 4 months respectively. Herein, most 
patients had 3–4 risk factors, which is reflected in their 
generally lower survival.

Our results are similar to previous work. Although every 
case report of kidney metastases have been from NSCLC, 
only three reports have demonstrated specific clinical course 
and treatment. Whereas Derweesh et al. (25) noted new gross 
hematuria in a patient 2 years after localized NSCLC treated 
with surgery alone, Cai et al. (28) described a patient with a 
5 cm mass (squamous cell carcinoma) with pathologic N2 
involvement treated with adjuvant chemoradiation (cisplatin/
vinblastine and 50 Gy) with a 10-month disease-free interval 
before microscopic hematuria commenced further workup. 
This patient reportedly refused nephrectomy and was treated 
with radiosurgery, but there are no details after treatment 
mentioned. Lastly, Barry-Brooks et al. (27) described a 
patient with a left upper lobe mass invading the mediastinum 
at presentation; although no mediastinal lymphadenopathy 
was evident on PET scan, the metastatic renal lesion 
(adenocarcinoma) was apparent at initial presentation; 
chemoradiotherapy in this patient resulted in survival of  
1 year. Taken together, metastases to the kidney may be 
most common from lung cancer, without clear histological 
or stage-based predilection, although reports of cases are too 
sparse to make definitive conclusions.

It is useful to examine renal function after SBRT to the 
kidney. Jackson and colleagues (44) used SPECT-CT to 
determine that renal function decreased 34% at 3 months 
and 43% at 12 months, with minimal decrease thereafter. 
These results are useful to apply to similar patients in 
order to coordinate multidisciplinary management with 
nephrologists managing renal parameters, although 
differences in tumor extent, treatment technique, and their 
use of single-fraction treatment need to be accounted for 
when generalizing these functional results to our current 
study population. Further data regarding the impact of 
different fractionation regimens on these parameters is 
warranted for assessing both preservation of normal kidney 
function and achieving optimal local control. Moreover, 
a study of seven RCC patients (32), in which the RCC 
occurred in the only remaining (functional) kidney, reported 
that serum creatinine in five patients remained at pre-SBRT 
levels. Dose-volume analysis of the data yielded mean 
ipsilateral renal doses of 28–42% of the prescribed dose, 
with an exception of 11% in a very small lesion. V15 (volume 

of kidney receiving at least 15 Gy) was from 20–37% (small 
lesion exception of 5%). Larger lesions tended to show 
larger parameters of both renal mean and V15 doses.

Additional information is needed on the potential benefits 
and risks of SBRT in renal neoplasms, particularly for 
metastatic renal lesions. For instance, owing to the dearth of 
clinical scenarios of even primary RCC, SBRT experiences 
are also limited and hence technical data are also lacking. 
Although the kidneys are anchored to the retroperitoneum 
by Gerota’s and retroperitoneal fascia, there is evidence 
that there is some degree of respiratory (diaphragmatic 
mot ion)  in f luence .  One  report  showed <10  mm  
movements in the anteroposterior and lateral directions 
with free breathing, yet up to four times as much movement 
with forced shallow and deep breathing (45), the latter of 
which can result in up to 50% loss in tumor coverage if 
not accounted for during planning (46). However, there is 
also evidence that left kidney movement is more limited 
than right kidney movement (47). Although these data are 
compelling, further reports are encouraged to validate and 
verify these data, which predictably can have impacts on 
SBRT treatment planning for lesions of the kidney.

In summary, we demonstrate that SBRT for metastatic 
cancers to the kidney is well-tolerated and safe, and it can 
provide good symptomatic relief and early local control. 
These data lend support to its use in these patients, not only 
in palliative settings, but also potentially for oligometastatic 
settings in an attempt to improve clinical outcomes as well.
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