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Abstract

Background—Evidence-based guidelines for the management of systemic therapy naïve 

oligometastatic renal cell carcinoma (RCC) are lacking. This prospective phase II single-arm trial 

evaluated the potential of stereotactic ablative radiotherapy (SAbR) to provide longitudinal disease 

control while preserving quality of life in patients with systemic therapy naïve oligometastatic 

RCC.

Patients and Methods—RCC patients with ≤3 extracranial metastases were eligible. SAbR 

was administered longitudinally to all upfront and, as applicable, subsequent metastases. The 

study was powered to achieve a primary objective of freedom from systemic therapy >1 year 

in >60% of patients (using Clopper and Pearson methodology). Secondary endpoints included 

progression-free survival (PFS), defined as time from first SAbR to progression not amenable 

to SAbR (local failure at SAbR-treated sites; new metastases not amenable to SAbR; >3 new 

metastases; or brain metastases); patient-reported quality of life (QOL) metrics; local control (LC) 

rates; toxicity; cancer-specific survival (CSS); and overall survival (OS).

Results—Twenty-three patients received SAbR to 33 initial and 57 total sites. Median follow-up 

was 21.7 months (interquartile range 16.3–30.3). Exceeding the pre-specified 60% benchmark, 

freedom from systemic therapy at one-year was 91.3% (95%CI: 69.5, 97.8). One-year PFS was 
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82.6% (95%CI: 60.1, 93.1). QOL was largely unaffected. LC was 100%. There were no grade 3/4 

toxicities, but there was one death due to immune-related colitis three months after SAbR while 

on subsequent checkpoint inhibitor therapy where a SAbR contribution could not be excluded. 

One-year CSS and OS were both 95.7% (95%CI: 72.9, 99.4).

Conclusions—SAbR for oligometastatic RCC was associated with meaningful longitudinal 

disease control while preserving quality of life. These data support further evaluation of SAbR for 

systemic therapy naïve oligometastatic RCC.

Patient Summary—Sequential stereotactic radiation therapy can safely and effectively control 

metastatic kidney cancer with limited spread for over a year without compromising patients’ 

quality of life.

Take Home Message—This phase II trial provides prospective evidence that sequential SAbR 

to all sites of oligometastatic RCC while the disease remains oligometastatic in a selected (and 

predefined) systemic therapy naïve patient population offers disease control in >90% of patients 

while maintaining health-related quality of life.
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Introduction

There were an estimated 431,288 new cases and 179,368 deaths due to kidney cancer 

worldwide in 2020.(1) Over 40% of patients with renal cell carcinoma (RCC), the most 

common type of kidney cancer, develop metastatic disease.(2) Systemic therapy with 

immune checkpoint inhibitors (ICI), tyrosine kinase inhibitors (TKI), or more recently 

a combination of the two is the standard of care for metastatic RCC (mRCC).(3–7) 

Unfortunately, most patients develop progressive disease over time and systemic therapy 

is frequently associated with significant toxicity and deterioration of quality of life. At 

progression, a change in systemic therapy becomes necessary and some patients exhaust 

treatment options.

Metastatic RCC represents a wide spectrum of disease aggressiveness. For example, patients 

with International Metastatic Database Consortium (IMDC) high risk disease may succumb 

in less than one year, while those with favorable risk disease may have smoldering 

progression over many years.(8, 9) Patients may also present with widely disseminated 

disease or oligometastatic disease. While several definitions exist, oligometastatic disease 

is defined by the European Organization for Research and Treatment of Cancer (EORTC) 

as ≤5 metastases involving ≤3 organs. For patients with oligometastatic disease, metastasis-

directed therapy is an option, but prospective data are lacking and there is currently no 

standard-of-care.(10)

Based on our previous preclinical and clinical experience, we hypothesized that stereotactic 

ablative radiation (SAbR) may control oligometastatic RCC.(11, 12) Overall, SAbR is safe 

and effective offering >90% local control (LC) of RCC metastases at one year.(13–15) In 

our experience of longitudinal SAbR administration for oligometastatic RCC that remains 
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oligometastatic and amenable to SAbR, SAbR offered disease control while preserving 

quality of life and delayed systemic therapy. Specifically, we previously treated 47 systemic 

therapy naïve patients with SAbR to 88 metastases and observed LC rates of 91.5%, 

unhampered quality of life, and a median time to start of systemic therapy (TTST) of 

15.2 months.(12) By postponing systemic therapy with its associated toxicities, SAbR 

may directly benefit patients and extend their quality of life. Furthermore, the duration 

of first line systemic therapy appeared to be unaffected by the earlier introduction of SAbR 

suggesting that SAbR did not undermine the effectiveness of subsequent drug therapy and 

may have additive survival benefit.(12) These results prompted a systematic prospective 

evaluation of SAbR in a clinical trial. In this study we sought to determine whether SAbR 

administered longitudinally to patients with systemic therapy naïve oligometastatic RCC 

was able to delay systemic therapy by >1 year in at least 60% of patients.

Methods

Study design and participants

This is a single-arm, phase II trial conducted with approval of the Institutional Review 

Board (IRB) at a university medical center and affiliated county hospital. The study enrolled 

systemic therapy naïve patients with oligometastatic RCC that provided written informed 

consent. Eligibility criteria included patients at least 18 years of age with pathologically 

proven RCC, in a favorable or intermediate IMDC risk group, who were systemic therapy 

naïve with three or fewer extracranial sites of metastatic disease that were all amenable to 

SAbR (see study protocol in Supplement for a complete list of eligibility criteria).

Treatment Technique

Patients underwent computed tomography (CT)-based simulation with customized 

immobilization and tumor motion assessment and management, as needed. All metastatic 

lesions were treated with SAbR, which was the local therapy evaluated in the study. SAbR 

treatment planning and delivery were performed via standard techniques with onboard cone 

beam CT, as previously described.(16) Treatment regimens consisted of ≥25Gy x 1 fraction, 

≥12Gy x 3 fractions, or ≥8Gy x 5 fractions to the periphery of the target to cover >95% 

of the target volume. The dose/fractionation schedule was selected based on proximity of 

organs at risk of toxicity and remained at the discretion of the treating radiation oncologist. 

Sequential SAbR to additional sites of metastatic disease was allowed.

Outcomes

The primary objective was a clinically meaningful delay in the time to start of systemic 

therapy (TTST) of >1 year in at least 60% of patients. TTST was defined as the time 

from the first day of SAbR to the start of systemic therapy. Radiographic imaging was 

performed at three-month intervals. The decision to initiate systemic therapy was based on 

a clinical assessment and was subjective. This was complemented by a secondary endpoint 

involving protocol-defined progression-free survival (PFS). Defined as progressive disease 

not amenable to sequential SAbR, PFS was specified in the protocol as time from first day of 

SAbR to: local failure at SAbR-treated sites; new metastases not amenable to SAbR; >3 new 

metastases; or brain metastases.
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Other secondary endpoints included local control (LC) rates and associated median response 

duration (defined as the time from the date of response until progression using Response 

Evaluation Criteria in Solid Tumors [RECIST] version 1.1(17) principals); time from first 

day of SAbR to disease progression not amenable to further local therapy (TTP); health-

related quality of life (QOL); progression-free survival with subsequent systemic therapy 

(PFS-ST); cancer-specific survival (CSS); overall survival (OS); and toxicity. Toxicities 

were assessed via the Common Terminology Criteria for Adverse Events (CTCAE) 

v5.0 scale. Health-related QOL assessments were performed at three-month intervals and 

involved the EuroQol Group’s five-level measure (EQ-5D-5L), the Functional Assessment 

of Cancer Therapy – General (FACT-G), and the Functional Assessment of Cancer Therapy 

– Kidney Symptom Index (FKSI).

Statistical analysis

Descriptive statistics were provided as medians and interquartile ranges for continuous 

measures and as frequencies and percentages for categorical measures. For TTST and PFS, 

patients without events were censored at last follow-up. A sample size of 23 subjects 

achieved 80% power at a 0.10 significance level to detect a difference of 20% in 1-year 

TTST compared to historical estimates (40.5%).(18, 19) Kaplan-Meier curves were used to 

visualize survival over time and to calculate one-year survival estimates. Paired t-tests were 

used to test for changes in quality-of-life questionnaire responses. All tests were two-sided 

and performed at the 0.05 significance level via SAS 9.4 (SAS Institute Inc., Cary, NC).

Results

Twenty-three patients were enrolled between August 2018 and February 2021. Patient and 

treatment characteristics are summarized in Table 1. All patients were systemic therapy 

naïve. Prior focal therapies were allowed. Most patients had localized disease at initial 

presentation (87%). 22/23 (96%) patients had nephrectomy, while the remaining patient who 

was not a surgical candidate received SAbR to the primary RCC. Nine patients (30.1%) 

had prior focal therapies for metastases (radiation and/or surgery). The median time from 

the treatment of the primary to SAbR on the trial was 32.3 months. Twenty-three patients 

were treated with SAbR to 33 total lesions upfront, and ten patients received SAbR to 24 

subsequent sites of oligometastatic disease, for a total of 57 treated lesions. Lung (47%), 

abdominal lymph nodes (11%), and non-spine bone (7.0%) were the most common sites 

for SAbR. The metastatic phenotype of the patients based on the STARS staging system is 

outlined in Table 1.(20)

Median follow-up for the whole cohort is 21.7 months (interquartile range 16.3–30.3). 

Median follow-up for patients censored for the primary outcome of TTST is 26.6 months 

(interquartile range 16.4–32.4). Freedom from systemic therapy at one-year is 91.3% (95% 

CI: 69.5, 97.8), which exceeds the prespecified benchmark of 60% (Figure 1A). Median 

TTST has not yet been reached (Figure 1B). SAbR treated lesions had LC rates of 57/57 

(100%). The one-year TTP was 87.0% (95% CI: 64.8, 95.6), which captures patients who 

had progressive disease but did not start systemic therapy. While limited by small numbers, 

ad hoc analyses failed to show an association between the interval from treatment of primary 
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to SAbR for oligometastases and TTST (p = 0.4) (Supplemental Table 1), and overall 

survival (p = 0.075). Four patients progressed to systemic treatment; one patient started 

axitinib+pembrolizumab, one patient started lenvatinib+pembrolizumab, and two patients 

started ipilimumab+nivolumab (ipi/nivo). One patient on ipi/nivo had toxicity after 23 days 

and was switched to a different systemic therapy and the other patient discontinued ipi/nivo 

after one cycle due to a flare of underlying ankylosing spondylitis.

In addition to the four patients who progressed and started systemic treatment, six more 

patients progressed according to the protocol definition: two patients had >3 additional 

lesions (each had 4 additional metastases), which despite being amenable and indeed treated 

by SAbR represented a progression event; three patients developed new metastatic disease 

not amenable to SAbR; and one patient developed a brain metastasis treated with Gamma 

Knife radiosurgery. The one-year PFS for the whole cohort was 82.6% (95% CI: 60.1, 93.1). 

A robust estimate of median PFS is not yet available, as only two patients were still at risk 

at the currently observed median PFS (Figure 1C). The one-year OS for the cohort is 95.7% 

(95% CI: 72.9, 99.4) (Figure 1D).

Treatment-related toxicities are summarized in Table 2. One patient who received SAbR to 

the right kidney later experienced grade 1 ipsilateral moderate hydronephrosis and ureteral 

stricture without impaired renal function. One patient, who received SAbR to a right 

adrenal metastasis and a retroperitoneal metastatic nodule, had treatment-related grade 2 

vomiting. No grade 3 or 4 toxicities were observed. One patient developed immune-related 

colitis while on subsequent treatment with ipilimumab/nivolumab and colonic perforation 

requiring partial colectomy, which showed an autoimmune infiltrate as well as the presence 

of cytomegalovirus. Unfortunately, the patient subsequently developed septic shock, opted 

for hospice care, and died soon thereafter. Although multifactorial, a contribution of SAbR 

to the eventual death of this patient, who had undergone radiation to an abdominal lymph 

node 3 months earlier, could not be excluded and therefore this death was assessed as 

possibly related to SAbR.

Two other patients died before systemic therapy. One patient died during follow-up due 

to congestive heart failure unrelated to RCC. After receiving SAbR to two right lung 

lesions, another patient subsequently developed a brain metastasis (a progression event), 

which was treated with Gamma Knife radiosurgery. This patient later developed multifocal 

disease progression in the thoracic spine and was deemed unfit for systemic therapy due to 

cardiomyopathy, cirrhosis, and declining performance status. A fourth patient died after 

progressing on the trial and Ipilimumab/Nivolumab on elected hospice care of causes 

unrelated to RCC or SAbR.

Health-related QOL outcomes for all patients with available follow-up data (n=19) are 

summarized in Table 3 and Supplemental Figure 1. Positive mean differences indicate 

that the QOL index measured by the questionnaire increased from baseline to follow-up. 

Conversely, negative mean differences indicate that the QOL index decreased from baseline 

to follow-up. Although long-term data is limited, most of the questionnaire responses 

showed no significant change in QOL from baseline, with the exceptions of the FKSI at 
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three months (p = 0.035) and the FACT-G total score at 15 months (p = 0.042), neither of 

which reached the minimally important difference (MID) for the respective tools(21, 22).

Discussion

This single-arm phase II trial met its primary endpoint with freedom from systemic therapy 

at one-year of 91.3%, which exceeds the pre-specified benchmark of 60%. Overall, the 

study evaluated 23 patients. At 71, median age was slightly higher than median age of 

RCC diagnosis. Different histologies were allowed, but ~80% had clear cell histology. All 

patients had received definitive treatment to the primary tumor. In most patients, metastases 

developed metachronously (70%) and almost 40% had had prior focal therapy. None had 

received systemic therapy, and nearly 75% were in a favorable IMDC risk group. The 

median time from treatment of the primary to SAbR was 32.3 months. Over 90% of 

patients received SAbR to one or two metastases initially, and 10 received sequential SAbR. 

Radiated metastases remained controlled over the study period, SAbR was well tolerated 

and did not affect QOL, and systemic therapy could be effectively delayed in most patients. 

Thus, the current study highlights a potential new strategy for systemic therapy naïve 

RCC patients with oligometastatic disease where systemic therapy can be delayed with 

longitudinal SAbR.

This study was designed with the goal of developing a treatment strategy for patients 

with oligometastatic RCC for whom there is not a standard-of-care. Our premise was that 

focal therapies may be advantageous over systemic therapies when the disease remains 

localized and amenable to such approaches. Accordingly, it seemed fitting to deploy SAbR 

sequentially while the disease remained amenable to focal therapy. This posed, however, 

some challenges. The appearance of new metastases would ordinarily be regarded as a 

progression event. However, while in the context of systemic therapy, new metastases 

definitively represent a failure of the systemic therapy, that is not necessarily the case 

for focal therapies. Failure of focal therapy, could be argued, should involve progression 

at the treated site. Progression elsewhere does not necessarily signify failure of the focal 

therapy (at least in the same way as it represents a failure of systemic therapy). Accordingly, 

we modified the PFS definition as time from first day of SAbR to local failure at SAbR-

treated sites or new metastases not amenable to SAbR. We also included in this definition 

non-oligometastatic progression. In other words, if patients developed metastases that would 

have excluded them from enrollment in the study in the first place because they did not meet 

pre-specified criteria for oligometastatic RCC, they were regarded as no longer qualifying 

for the intended SAbR purpose and as having progression. Thus, patients with >3 new 

metastases were regarded as having “progression” and that was the case also for patients 

developing brain metastases (despite that fact that radiation is the standard of care for brain 

metastases). Nevertheless, this is a higher risk patient population and this was consistent 

with the study qualifying criterion of ≤3 extracranial metastases.

Another challenge was establishing the primary endpoint. While the modified PFS had the 

advantage of being clearly defined, in reality, this was a surrogate for the ultimate goal 

of delaying systemic therapy. However, setting the primary endpoint on delaying systemic 

therapy presented some challenges. The endpoint could be accurately measured, but it 
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could not be precisely defined. This was a clinical judgement. Of note, the same approach 

was previously utilized by Rini et al. in their active surveillance study(9). Because of the 

subjective nature of our endpoint, it is important to evaluate also how patients performed 

with respect to the more objective modified PFS endpoint, in particular since the trial was 

positive. Both endpoints aligned: freedom from systemic therapy at one-year was 91.3% 

(95% CI: 69.5, 97.8), freedom from progression at one year was 87.0% (95% CI: 64.8, 

95.6). These data add credence to the notion that sequential SAbR for oligometastatic RCC 

may be a viable strategy.

Because of the subjective nature of the primary endpoint, applying these results to clinical 

practice can be challenging. However, inasmuch as the endpoint aligned with PFS, modified 

PFS criteria could be reasonably used as an alternative. There were 6 patients where the 

modified PFS criteria and start of systemic therapy did not match. These patients had a 

progression event, but did not start systemic therapy right away. While 3 of these patients did 

reasonably well remaining free of systemic therapy ≥4 months and were being followed at 

the time of study review, 2 others were deceased and they did not receive systemic therapy. 

Thus, it is not clear that clinical judgement is better than modified PFS criteria.

SAbR for oligometastatic cancer is an emerging concept. Chalkidou et al. recently showed a 

high OS rate and low toxicity with SAbR for oligometastatic cancers of multiple histologies. 

For the 10% of patients with mRCC in their cohort, they found a 95.2% and 82.4% OS 

rate at one year and two years, respectively,(23) which is quite similar to the 1-year OS 

survival of 95.7% in this study. A prospective study of 30 patients with either inoperable 

primary RCC (five patients), an isolated metastasis (six patients) or oligometastatic RCC (19 

patients) treated with SAbR showed a 98% LC rate, toxicities in the 1–2 grade range in 90% 

of cases, and a median OS of 32 months.(13) The phase II SAbR-COMET trial randomized 

patients with metastatic cancer and ≤5 metastases to standard of care or standard of care plus 

SAbR and showed better OS in the SAbR arm.(24)

A key advantage of the SAbR approach is the ability to preserve QOL by postponing the 

start of systemic therapy. In our study, QOL was preserved. QOL metrics did not show 

a significant decline in QOL at three-, nine-, and 15-month follow-up with the exception 

of the FKSI at 3 months and the FACT-G at 15 months (Table 3). The FKSI assessment 

transiently declined at 3 months with recovery at 9 and 15 months, while the general 

FACT-G showed a marginal decline at 15 months. Neither the specific FACT subgroups nor 

the FKSI and EQ-5D-5L detected a decline at that time point. Both of the 3-month FKSI and 

the 15-month FACT-G declines were within the reported MID for the respective tools(21, 

22).

Another potential advantage of SAbR is the lack of grade 3/4 toxicities. While current 

first line systemic therapies are associated with grade ≥3 toxicity in 46–83% of patients,

(3–7) in our study, SAbR had one grade ≥3 toxicity (4%). There was one death due to 

an immune-related colitis event three months after SAbR during subsequent checkpoint 

inhibitor therapy where a SAbR contribution could not be excluded. Caution should be taken 

with SAbR administration to sites in proximity to the gastrointestinal tract in particular since 

patients may later receive ICI or TKIs which may exacerbate the risk of perforation. Both 
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retrospective and prospective phase I studies suggest that concurrent ICI and SAbR is safe, 

but there is limited experience.(25, 26) A phase I trial by Dengina et al. evaluated patients 

with mRCC treated with SAbR while on TKI and ICI and found no grade ≥2 toxicities at a 

median follow-up of 8 months.(27) However, the safety of SAbR alongside systemic therapy 

is an ongoing topic of discussion,(28–31) and more prospective studies are needed. In our 

study, the median age was higher than the general population (71 years-old), which may also 

favor SAbR given the reduced risks of toxicities.

This study expands upon a recently reported phase 2 feasibility study of patients with 

oligometastatic mRCC similarly treated with sequential SAbR.(32) Both studies sought to 

identify favorable patients and excluded patients with aggressive disease. However, there are 

some important distinctions. The study by Tang et al. included both systemic therapy naïve 

as well as on-treatment patients. These patient populations are, in our opinion, different and 

we previously reported a study focusing on RCC patients with oligoprogressive disease - 

patients on systemic therapy with a limited number of progressive sites amenable to SAbR.

(33) In addition, the study by Tang et al. did not meet the pre-specified co-primary endpoint 

of efficacy. However, local control rates, toxicity and durable control were quite similar to 

our study. To our knowledge, our is the first study to report the impact of sequential SAbR in 

systemic therapy naïve RCC patients with oligometastatic disease.

There are also significant differences with the RAPPORT trial. While both our study 

and the RAPPORT trial focused on patients with a limited number of metastases (≤3 or 

≤5, respectively), the RAPPORT trial included patients on systemic therapy and assessed 

the impact of combining SAbR with an ICI, which was administered subsequently. The 

RAPPORT trial eavluated 30 RCC patients with ≤5 metastases treated with SAbR upfront 

followed by 8 cycles of pembrolizumab.(34)

Oligometastatic RCC does not have a clear standard of care. Surgery, SAbR, active 

surveillance and systemic therapy are all contenders. Rini et al. reported a phase 2 trial 

of asymptomatic, treatment naïve, patients with mRCC who underwent active surveillance 

to delay the start of systemic therapy where the median time on surveillance was 14.9 

months.(9) In our study, which involves a different patient population, median TTST is at 

least 17.1 months (data not mature). A number of retrospective series show that patients 

with oligometastases may be managed with metastasectomy.(35) (36) The approach may 

particularly benefit lower-risk patients with long intervals from diagnosis of the primary 

tumor to development of metastases,(10) and may be applied iteratively while metastases 

remain limited.(37) While it is difficult to draw firm conclusions from these retrospective 

studies as (i) oligometastatic RCC differs from other mRCC presentations and likely impacts 

patient outcomes; and (ii) patients amenable to the intervention/repeated interventions may 

differ from those that are not, there may be benefit from aggressive local therapy for 

oligometastatic RCC.

Here we investigated a novel concept, sequential SAbR for systemic therapy naïve 

oligometastatic RCC. We hypothesized that SAbR could provide disease control in select 

patients whose disease remained oligometastatic and amenable to SAbR. Only patients with 

IMDC favorable- or intermediate-risk oligometastatic RCC were eligible and all patients 
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had received treatment to their primary tumor. Two thirds of the patients presented with 

metachronous disease and the median time from treatment of the primary to SAbR was 32.3 

months

There are several limitations to this study, including most significantly the lack of a 

control arm. Additional limitations include the small size, single institution experience and 

the relatively short follow-up. Nevertheless, the study is helpful by identifying a patient 

population who may not need to start systemic therapy right away, which can be managed 

safely with longitudinal SAbR while preserving their quality of life.

Conclusions

This study shows that SAbR is safe, associated with high local control rates and does not 

undermine quality of life in patients with oligometastatic RCC, where this intervention was 

associated with substantial delays in the need for systemic therapy. This prospective phase 

II trial justifies the evaluation of longitudinal SAbR as a potential new standard of care for 

oligometastatic RCC in a randomized phase III clinical trial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Swimmer plot and Kaplan-Meier analyses of freedom from systemic therapy, progression-

free survival (PFS), and overall survival (OS). A. Swimmer plot representation from onset of 

SAbR. Dark blue bars indicate time after SAbR without progression and systemic treatment; 

light blue bars show time after progression prior to start of systemic therapy with associated 

interventions. Diamonds indicate SAbR with numbers representing number of sites, and 

colors referring to location. Black squares indicate the start of systemic therapy. Asterisks 

indicate ongoing follow-up. Plus sign (+) indicates patients who died. GK refers to Gamma 

Knife radiosurgery. B. Kaplan-Meier estimate of freedom from systemic therapy. C. Kaplan-

Meier estimate of PFS. D. Kaplan-Meier estimate of OS. *PFS defined as time from first 

SAbR to progression not amenable to SAbR, local failure at SAbR-treated sites, >3 new 

metastases, or brain metastases.
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Table 1.

Patient and treatment characteristics

N (%)

(n = 23 patients)

Median age, years (IQR) 71 (61–73)

Sex

 Male 19 (82.6%)

 Female 4 (17.4%)

Race/Ethnicity

 White, Non-Hispanic 21 (91.3%)

 White, Hispanic 2 (8.7%)

IMDC group

 Favorable 17 (73.9%)

 Intermediate 6 (26.1%)

Histology

 Clear cell RCC 19 (82.6%)

 Chromophobe RCC 2 (8.7%)

 Papillary RCC 2 (8.7%)

Tumor Grade

 1 1 (4.3%)

 2 6 (26.1%)

 3 13 (56.5%)

 4 1 (4.3%)

 NA (Chromophobe RCC) 2 (8.7%)

Primary tumor control

 Nephrectomy 22 (95.7%)

 SAbR 1 (4.3%)

AJCC T stage at initial diagnosis

 1 4 (17.4%)

 2 3 (13.0%)

 3 16 (69.6%)

AJCC N stage at initial diagnosis

 0/X 22 (95.7%)

 1 1 (4.3%)

AJCC M stage at initial diagnosis

 0 20 (87.0%)

 1 3 (13.0%)

STARS Stage

 A 7 (30.4%)

 B 13 (56.5%)
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N (%)

(n = 23 patients)

 C 0 (0.0%)

 D 3 (13.0%)

 E 0 (0.0%)

Pattern of metastatic disease

 Metachronous 16 (69.6%)

 Synchronous 7 (30.4%)

Prior therapy of metastases

 Prior SAbR 4 (17.4%)

 Prior resection 3 (13.0%)

 Prior resection & SAbR 2 (8.7%)

Median baseline SLD, cm (IQR) 2.4 (1.3–3.3)

Number of SAbR sites, initial

 1 15 (65.2%)

 2 6 (26.1%)

 3 2 (8.7%)

Number of SAbR sites, total

 1 8 (34.8%)

 2 7 (30.4%)

 3 3 (13.0%)

 4–7 5 (21.7%)

All sites treated with SAbR (n = 57 lesions)

 Lung 27 (47.4%)

 Abdominal LN 6 (10.5%)

 Bone, non-spine 4 (7.0%)

 Spine 4 (7.0%)

 Kidney 3 (5.3%)

 Adrenal 3 (5.3%)

 Liver 3 (5.3%)

 Thoracic LN 3 (5.3%)

 Pancreas 1 (1.8%)

 Renal bed 1 (1.8%)

 Chest wall 1 (1.8%)

 Psoas 1 (1.8%)

SAbR fractionation

 1 fraction 3 (5.3%)

 3 fractions 39 (68.4%)

 5 fractions 15 (26.3%)

Median/mode dose, Gy (range)
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N (%)

(n = 23 patients)

 1 fraction 25/25 (20–25)

 3 fractions 36/36 (36–39)

 5 fractions 40/40 (35–40)

Abbreviations: AJCC, American Joint Committee on Cancer staging 8th edition; IMDC, International Metastatic RCC Database Consortium; IQR, 
interquartile range; LN, lymph node; RCC, renal cell carcinoma; SAbR, stereotactic ablative radiotherapy; SLD, sum of the longest diameters.
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Table 2.

Summary of treatment-related toxicities

AE-Terminology Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Abdominal pain 1 1

Alkaline phosphatase increased 3 3

Back pain 1 1

Cough 1 1

Death 1 1

Dyspepsia 1 1

Fatigue 3 3

Joint range of motion decreased: Hip 1 1

Musculoskeletal and connective tissue disorder – Other: muscle tightness 1 1

Nausea 5 5

Pneumonitis 1 1

Pneumonitis (Radiation) 1 1

Productive cough 1 1

Renal and urinary disorders – Other: Ureteral stricture 1 1

Renal and urinary disorders –Other: Hydronephrosis 1 1

Vomiting 1 1 2

Total: 23 1 0 0 1 25

Grade 1: Mild; Grade 2: Moderate; Grade 3: Severe or medically significant but not immediately life threatening; Grade 4: Life threatening 
consequences; Grade 5: Death related to the adverse event.
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Table 3.

Questionnaire responses comparing quality of life at baseline and follow-up

Baseline vs. 3 months Baseline vs. 9 months Baseline vs. 15 months

N Mean difference (95 % 
CI) P N Mean difference (95 % 

CI) P N Mean difference (95 % 
CI) P

FACT-G 19 −1.4 (−3.1, 0.3) 0.099 12 −0.3 (−3.3, 2.7) 0.81 10 −2.4 (−4.7, −0.1) 0.042

 PWB 19 −0.1 (−3.5, 3.2) 0.93 12 −0.6 (−5.3, 4.2) 0.79 10 −1.3 (−5.0, 2.4) 0.45

 SWB 19 −0.2 (−2.4, 2.0) 0.84 12 1.2 (−0.9, 3.2) 0.23 10 0.9 (−2.1, 3.9) 0.52

 EWB 19 −1.8 (−4.8, 1.3) 0.24 12 −0.8 (−3.3, 1.8) 0.54 10 −1.1 (−4.3, 2.1) 0.45

 FWB 19 −3.5 (−11.4, 4.3) 0.36 12 −0.5 (−10.8, 9.8) 0.92 10 −3.9 (−13.3, 5.6) 0.38

FKSI 18 −4.1 (−7.9, −0.3) 0.035 12 −0.1 (−4.1, 3.8) 0.94 10 −2.6 (−6.8, 1.6) 0.20

EQ-5D-5L 19 2.6 (−8.0, 13.2) 0.62 12 2.1 (−4.0, 8.2) 0.50 9 −3.9 (−13.1, 5.3) 0.36

Abbreviations: EWB, emotional well-being; FACT-G, Functional Assessment of Cancer Therapy – General; FKSI, Functional Assessment of 
Cancer Therapy Kidney Cancer Symptom Index; FWB, functional well-being; PWB, physical well-being; SWB, social well-being.
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