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Abstract

Purpose—Stereotactic ablative radiotherapy (SAbR) is a promising alternative for selected 

patients with renal cell carcinoma (RCC) with oligometastasis. The objective of this study was to 

evaluate the potential of SAbR for longitudinal control in patients with persistently oligometastatic 

RCC. We report the impact of SAbR on tumor control rates as well as its tolerability in systemic 

therapy–naïve patients with oligometastatic disease (without brain metastases) and assess the 

effect of SAbR on subsequent first line systemic therapy by comparison to historical controls.

Methods and Materials—We reviewed patients with metastatic RCC treated with front-line 

SAbR with a curative intent from 2007 to 2017 at UT Southwestern Kidney Cancer Program. We 

analyzed local control rates (LCR), toxicity, freedom from systemic therapy (FST), type and 

duration of first-line systemic therapy, and overall survival (OS). Cox regression and Kaplan-

Meier analyses were used.

Results—We identified 47 patients with oligometastatic RCC treated with SAbR to 88 

metastases; 11 patients had more than 1 SAbR course. The local control rate was 91.5% at 2 years 

with no reported grade ≥3 toxicity. With a median follow-up of 30 months (interquartile range, 

13.7–40.9), median FST from first SAbR was 15.2 months (95% confidence interval [CI], 8.8–
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40.1). The most common systemic therapies initiated after SAbR were pazopanib (60.7%) and 

sunitinib (14.3%). The duration of first line systemic therapy appeared unaffected by SAbR. 

Improved FST was observed in patients with metachronous disease (hazard ratio, 2.67; P = .02), 

solitary metastasis (HR, 2.26; P = .05), and non-bone metastasis (HR, 2.21; P = .04). One-year and 

2-year OS after SAbR were 93.1% (95% CI, 80.1–97.7) and 84.8% (95% CI, 69.1–92.9), 

respectively. Median OS was not reached.

Conclusions—SAbR is an effective and safe treatment for selected patients with oligometastatic 

RCC, can provide longitudinal disease control without systemic therapy for over a year, and does 

not appear to adversely affect the effectiveness of first-line systemic therapy once initiated. 

Prospective validation of these findings is being sought through a phase 2 trial.

Summary

Stereotactic ablative radiation therapy (SAbR) is an effective and safe treatment for selected 

patients with oligometastatic renal cell carcinoma. This front-line approach offers excellent tumor 

control with minimal toxicity and delays the start of systemic therapy, offering quality of life 

benefits. SAbR does not affect the duration of first-line systemic therapy, suggesting that the 

benefit of SAbR and systemic therapy may be additive.

Introduction

As the global incidence of renal cell carcinoma (RCC) increases,1 about 15% of patients 

exhibit distant metastases at diagnosis,2 and another 15% to 25% will develop distant 

metastases after nephrectomy.3,4 The standard, first-line therapy for patients with newly 

diagnosed metastatic RCC is systemic therapy. A problem with systemic therapy, in 

particular targeted therapy, is that drugs rarely eradicate all gross tumors, resistance develops 

requiring a change of drugs, and ultimately patients run out of effective agents. Even with 

recently developed immunotherapies, complete response rates are up to 10% and their 

toxicities may be severe. The oligometastatic paradigm, formally defined in the 1990s, 

suggests that some patients with a limited number of metastases may be cured with or 

without systemic therapy if all sites of disease are locally eradicated.5 This implies that some 

select patients may not harbor micrometastatic disease. Furthermore, patients with limited 

metastatic disease burden generally have a better prognosis.6 Even if a patient is not cured, 

local therapy to all metastatic sites as an initial modality may delay the onset of systemic 

therapy, possibly extending patient survival.

Early evidence of the benefit of aggressive local therapy comes from improved survival 

outcomes with metastasectomy in retrospective series,7–10 where median survival ranged 

from 36.5 to 142 months for patients with complete surgical metastasectomy and from 8.4 to 

27 months for incomplete surgical metastasectomy. The potential of stereotactic ablative 

radiation therapy (SAbR) to treat oligometastatic RCC sparked worldwide interest when 

preclinical studies11,12 suggested that delivering high doses per fraction can overcome RCC 

radio-resistance to conventional fractionation.13 Multiple retrospective series14–21 and a 

prospective trial22 have shown local control rates >85% at 1 to 2 years for metastatic lesions 

from RCC and median overall survival (OS) rates of 12 to 51 months.23 However, these 
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studies are limited by heterogeneous patient populations, use of systemic therapy before 

SAbR, and a primary focus on intracranial lesions.14–22

No study to date has evaluated the scope of SAbR for longitudinal disease control in patients 

before initiation of first-line therapy. Importantly, none has investigated whether SAbR may 

undermine the duration of subsequent systemic therapy, which may diminish its benefit. In 

this retrospective study, we assessed the effect of multiple SAbR as a tactical approach for 

longitudinal control of persistently oligometastatic disease in a homogenous cohort of 

patients with systemic–therapy-naïve, extracranial RCC.

Methods and Materials

Patients and treatments

Patients with extracranial metastatic RCC treated at our institution were reviewed using an 

institutional cancer registry database in an institutional review board–approved study (IRB 

number: 042017–028). Patients consecutively treated with SAbR at all sites of gross disease 

between 2007 and 2017 were included. Patients treated with conventionally fractionated 

radiation therapy or systemic therapy before SAbR were excluded, as were patients treated 

with palliative intent or brain metastasis.

For SAbR treatment planning, patients were immobilized in vacuum bags and stereotactic 

body frames, and they underwent computed tomography (CT) as described previously.24 

Motion assessment and management strategies (eg, 4-dimensional CT, abdominal 

compression) were applied at the physician’s discretion. Treatment plans were optimized 

with multiple noncoplanar beams or volumetric arcs with intensity modulation when 

applicable. Patients were treated with the aid of cone beam CT image guidance. SAbR was 

delivered in 1 to 5 fractions, with intervals of at least 36 hours between fractions.

Outcome and statistical analysis

Patient follow-up was typically performed every 3 to 6 months using CT or magnetic 

resonance imaging. Freedom from systemic therapy (FST) was defined as survival without 

systemic therapy from the start of the first SAbR course until systemic therapy or death, 

whichever came first. OS and FST were defined from the start of SAbR and censored at the 

last available follow-up if no events occurred. Prognostic grouping was determined 

according to the established and externally validated Heng’s criteria.25

We used median, standard deviation, and range as descriptive statistics for continuous 

measures and frequencies, and percentage for categorical measures. Cox regression models 

and the Kaplan-Meier test were used to analyze differences in OS and FST. All statistics 

were assessed at the.05 significance level using SAS 9.4 (SAS Institute Inc, Cary, NC).

Results

Patient, tumor characteristics, and radiation regimens

We identified 47 patients (41 patients with clear cell histology and 6 with non-clear cell 

histology) that were initially treated to 65 extracranial sites. Forty-five patients underwent 
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nephrectomy at diagnosis, and the remaining 2 received other ablative therapies. Thirty-four 

patients (72.3%) initially presented with localized disease or locoregional disease (M0 at 

diagnosis) but later developed metastases. The median time from metastasis diagnosis to 

first SAbR was 1.7 months (Fig. 1). All patients received curative intent radiation in 1 to 5 

fractions at a minimum of 5 Gy per fraction to all gross metastatic sites (Table 1).

At the time of metastatic disease diagnosis, 20 patients (42.6%) had a favorable and 16 

(34.0%) had an intermediate prognosis, according to Heng’s criteria (Table 1); the remaining 

11 patients (23.4%) had unknown risk prognosis. Most patients (74.5%) were treated for 1 

metastasis only. The most common metastatic site was bone (43.1%). Eleven of 47 patients 

(23.4%) received a second course of SAbR for additional metastatic sites. Three patients 

(6.3%) received a third course to subsequent sites.

Local control and toxicities

The median follow-up for all patients was 30 months (range, 1.4–80.1 months). After SAbR, 

4 lesions failed locally with a 2-year local control rate of 91.5%. One patient developed in-

field failure of a left upper lobe lung metastasis approximately 1 year after completing 40 

Gy in 5 fractions and was started on pazopanib. A second patient showed progression of a 

sternal lesion 9 months after completing 50 Gy in 5 fractions and was started on axitinib. 

One patient showed progression of a T9 vertebral body metastasis causing cord 

impingement approximately 2 months after 40 Gy in 5 fractions to T8, T9, and T10 vertebral 

bodies. The patient was scheduled to start pazopanib but died of acute respiratory failure 

within weeks. One patient showed failure at the margin 8 months after 33 Gy in 3 fractions 

to a right iliac lesion, received reirradiation of 40 Gy in 5 fractions, and was recurrence-free 

at the 30-month follow-up.

Radiation therapy was well tolerated, with no grade 3 or higher toxicities reported. Acute 

side effects included fatigue (4 patients), nausea (1 patient), abdominal cramping (1 patient), 

and pain at the irradiated site (1 patient). One patient developed grade 1 esophagitis that later 

resolved, and another patient developed grade 2 right frontal radionecrosis with left hand 

weakness, which became persistent. Only 1 patient experienced grade 2 radiation 

pneumonitis out of 8 patients who received radiation to lung metastases.

Effect of SAbR on systemic therapy

The median FST, defined as the time from the first SAbR course to the start of systemic 

therapy or death, was 15.2 months. Eighteen of 47 patients received no systemic therapy and 

were alive after SAbR at a median follow-up of 25 months. The 1 deceased patient that did 

not receive systemic therapy mentioned above, initially presented with bilateral renal masses 

and underwent partial nephrectomies, which showed mixed histology (papillary and clear 

cell), and developed 1 liver metastasis 8 months later that was treated with 42 Gy in 3 

fractions. Shortly afterward, he developed extensive bone metastases and cord compression 

and died a few weeks later from sepsis, bilateral pulmonary emboli, and respiratory failure.

Among the 28 patients who initiated systemic therapy, 23 initiated because they developed 

multiple additional lesions. The remaining patients initiated systemic therapy because of 

local recurrence where reirradiation was not an option (2 patients), metastatic disease near 
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previously irradiated sites (2 patients), or disease in the remaining kidney (1 patient) where 

radiation was not recommended in order to prevent treatment-related toxicities. Because of 

these factors, systemic therapy was started instead of radiation therapy.

Unsurprisingly, patients with 1 lesion at the time of SAbR showed better FST than those 

with 2 or more lesions (25.5 vs 4.8 months; hazard ratio [HR] = 2.26; log-rank P = .04). The 

other factors affecting FST were metastatic disease at diagnosis (M0 vs. M1: 25.5 vs. 5.6 

months; HR = 2.67; log-rank P = .02) and site of metastasis (bone vs. nonbone: 8.8 vs 40.1 

months; HR = 2.21; log-rank P = .03) (Table 2 and Fig. 2).

The most common systemic therapies were pazopanib (60.7%), sunitinib (14.3%), and IL-2 

(10.7%), with a median time to next systemic therapy of 8.8, 15.2, and 5.6 months, 

respectively (Table EA; available online at https://doi.org/10.1016/j.ijrobp.2019.07.023). 

Combining the components of overall care in this approach, disease control with SAbR 

followed by disease control with first-line systemic therapy ranged from 19 to 29 months 

depending on the first-line therapy.

Overall survival rates

OS rates at 1 and 2 years after SAbR were 93.1% and 84.8%, respectively. Median OS was 

not reached. On univariate analysis, better survival was observed for patients with favorable 

risk (HR = 8.04, log-rank P = .02), clear cell histology (HR = 7.41, log-rank P = .0009), no 

metastatic disease at diagnosis (HR = 16.70, log-rank P < .0001), and non-bone metastases 

(HR = 3.58, log-rank P = .04) (Table 3 and Fig. 3). The number of treated metastatic lesions, 

pathologic T stage, and lines of systemic therapies were not associated with OS; however, 

the small sample sizes in subgroups may represent a source of type II errors.

Discussion

Standard management of metastatic RCC is systemic therapy, but SAbR may be a promising 

strategy for select patients with limited disease burden. To our knowledge, this is the largest 

study to report the outcome of curative-intent SAbR on treatment-naïve, oligometastatic 

extracranial RCC. Furthermore, we present an innovative paradigm wherein SAbR was used 

repetitively for longitudinal disease control in patients who remained oligometastatic and 

could be effectively treated. Several retrospective studies and 1 prospective study have 

analyzed the outcomes of radiation therapy for patients with metastatic RCC (Table EB; 

available online at https://doi.org/10.1016/j.ijrobp.2019.07.023). Despite the heterogeneous 

patient population, often including intracranial lesions, primary tumors, palliative-intent 

radiation therapy, and systemic therapy use, these studies reported substantive local control 

rates, suggesting that SAbR is an effective local therapy for metastatic RCC, especially for 

patients with oligometastatic disease. A systematic review of radiation therapy to 

extracranial metastatic RCC lesions reported 1-year local control of 89% and <5% grade 3 

and 4 toxicities.23 Although limited by short follow-up, our study showed excellent local 

control rates (91.5% with only 4 failures). In addition, the treatment was well tolerated with 

no grade 3 or higher adverse effects.
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In this patient population, OS rates at 1 and 2 years after SAbR were 93.1% and 84.8%, 

respectively, which are comparable to those reported in the metastasectomy series.7–10 

Before the era of targeted therapy, complete metastasectomy was shown to be effective in 

treating patients with multiple metastatic lesions,7 with 5-year survival in the 40% to 50% 

range. The success of metastasectomy is highest with solitary metastatic lesions, which 

agrees with our findings here but is relatively independent of the lesion’s location.26

In our series, most patients (74.5%) had a single lesion at initial diagnosis. The choice of 

SAbR for these patients often depended on multiple factors, including time to development 

of metastases, surgical candidacy, and patient preference. Among those who had no 

metastatic disease at presentation, the median time to any metastasis was 2.2 years and 

median time to 1 metastasis was 2.1 years. Because of the short time to metastases 

development, these patients may be regarded at high risk for the development of additional 

metastases, and less morbid SAbR may be preferable over surgery. In addition, about 40.0% 

of patients had bone metastases that were either unresectable or presented challenges for 

surgery.

Although we cannot determine whether SAbR alters the disease course for all patients, it 

appears to have potential as a definitive treatment for selected patients. Eighteen of 47 

patients (38.2%) in this cohort received no systemic therapy after SAbR at a median follow-

up of 30 months. For the remaining patients, SAbR delayed systemic therapy, with an 

overall median time to systemic therapy of 15.2 months. Without a comparison arm, we 

cannot ascertain whether all or part of this delay would prolong survival. However, we 

speculate that such a delay could improve patients’ quality of life, especially because most 

systemic therapies adversely affect patient quality of life.

It may be argued that delaying systemic therapy could allow undetectable micrometastases 

to progress diminishing the activity of subsequent systemic therapy because of a larger 

burden of disease. To attempt to evaluate this, we measured the duration of first-line 

systemic therapy for the 2 most common drugs used in our cohort, pazopanib and sunitinib. 

Their duration after initiation in our study was 8.8 months and 15.2 months, respectively. 

Although no historical data on upfront systemic therapy alone for our highly selected cohort 

are available, these times accord with reported median progression-free survival for 

treatment-naïve patients with clear cell RCC treated with pazopanib (8.4 months) and 

sunitinib (9.5 months) up front,27 suggesting that primary SAbR may not adversely affect 

subsequent systemic therapy. With combined local and first-line systemic therapy, time to 

second-line therapy ranged from 22 months for SAbR/pazopanib to 29 months for SAbR/

sunitinib, comparing favorably with drug-alone experiences. Although only prospective 

trials can provide confirmation, these findings suggest a hope that SAbR may provide 

survival benefit and preserve quality of life without negatively affecting progression-free 

survival on subsequent lines of therapy. An ongoing prospective phase 2 trial at UT 

Southwestern is currently evaluating this notion (NCT 02956798).

This study has several limitations. First, it is retrospective. Second, it reports results from a 

single institution that has extensive experience, making the findings difficult to generalize. 

Third, follow-up is relatively short, and long-term control rates are unknown. This is 
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important considering some patients can live for >5 years with newer systemic therapies. 

Finally, and most importantly, the study represents a select cohort of patients whom the care 

provider team deemed suitable for SAbR.

Ultimately, the goal is to direct treatment to the particular patient’s specific disease biology 

and comorbidities. As Rini and colleagues recently showed in a prospective phase 2 clinical 

trial,28 some patients may not need immediate therapy and are followed with active 

surveillance. Another group of patients, those with a long disease-free interval and 1 (or 

few) resectable lesion(s), may be treated by surgery. However, a group of patients with 

limited disease and a short disease-free interval (as in this cohort) may be at high risk for 

developing other metastases. Such patients may benefit from a less invasive local therapy 

than surgery, such as SAbR. Other patients may present with oligometastases that are not 

surgically accessible, or they may not be optimal surgical candidates. Our data suggest that 

for a subgroup of patients with RCC, SAbR is feasible, safe, and effective, and it likely does 

not constitute a detriment to subsequent systemic therapy.

Therapy for metastatic kidney cancer continues to evolve. Although much of this experience 

was collected before the advent of immune checkpoint inhibitors, primary SAbR may also 

be considered in light of newer, potentially curative systemic therapies, such as ipilimumab/

nivolumab combinations. This treatment is associated with overall response rates of 40%, 

including 10% complete responses.29 Recent updates from this trial show progression-free 

survival rates of 28% at 2.5 years.30 Nevertheless, there may still be a role for primary SAbR 

even in the era of potentially curative systemic therapies because of serious life-threatening 

toxicities that occur in 1% to 3% of patients; a significantly higher percentage of acute, 

though typically manageable, toxicities such as pneumonitis, colitis, or hepatitis; and other 

toxicities that can undermine patient’s quality of life long term, such as rheumatological 

conditions or hypophysitis requiring long-term corticosteroid supplementation.

Conclusions

This study suggests that SAbR is a reasonable approach for select patients with 

oligometastatic RCC, offering excellent local control and potentially preserving quality of 

life without affecting future systemic therapy. Future studies will evaluate the role of SAbR 

prospectively, refining the patient population that benefits from this approach versus 

metastasectomy, active surveillance, or upfront systemic therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Swimmer’s plot of months since metastatic diagnosis.
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Fig. 2. 
Freedom from systemic therapy (FST) since the start of stereotactic ablative radiotherapy 

(SAbR). (A) Number of metastases treated in the initial course. (B) M0 versus M1. (C) Bone 

versus non-bone metastasis.
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Fig. 3. 
Kaplan-Meier overall survival (OS) curves after first stereotactic ablative radiotherapy 

(SAbR). (A) Favorable versus intermediate/unfavorable prognostic groups. (B) Clear cell 

renal cell carcinoma (RCC) versus non-clear cell RCC. (C) M0 versus M1. (D) Bone versus 

nonbone metastasis.
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Table 1

Patient and tumor characteristics

Characteristics Frequency (%)

Demographics

Mean age ± SD (range) 61.6 ± 10.1 (38–83)

Sex

 Female 19 (40.4%)

 Male 28 (59.6%)

Race

 Nonwhite 4 (8.5%)

 White 43 (91.5%)

Primary tumor

 Mean tumor size, cm 7.5 ± 4.0

Histology

 Non-clear cell renal cell carcinoma 6 (12.8%)

 Clear cell renal cell carcinoma 41 (87.2%)

Grade

 1 1 (2.1%)

 2 8 (17.0%)

 3 23 (48.9%)

 4 11 (23.4%)

 N/A 4 (8.5%)

pT

 pT1 15 (31.9%)

 pT2 5 (10.6%)

 pT3 23 (48.9%)

 N/A 4 (8.5%)

pN

 pN0 10 (21.3%)

 pN1 3 (6.4%)

 pNX 29 (61.7%)

 N/A 5 (10.6%)

M*

 M0 34 (72.3%)

 M1 11 (23.4%)

 N/A 2 (4.3%)

Risk score
†

 0, Favorable 20 (42.6%)

 1–2, Intermediate/unfavorable 16 (34.0%)

 N/A 11 (23.4%)

Metastasis

 Sum of largest diameters, cm (range) 4.5 ± 3.5 (0.8–14.8)
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Characteristics Frequency (%)

No. of metastases treated, initial
‡

 1 35 (74.5%)

 2 7 (14.9%)

 3 4 (8.5%)

 4 1 (2.1%)

No. of metastases treated, total
§

 1 26 (55.3%)

 2 12 (25.5%)

 3 4 (8.5%)

 ≥4 5 (10.6%)

Treatment sites
‡

 Bone 28 (43.1%)

 Lung 10 (15.4%)

 Liver 6 (9.2%)

 Soft tissue 6 (9.2%)

 Lymph node 5 (7.7%)

 Adrenal 4 (6.2%)

 Others 6 (9.2%)

Radiation therapy
‡

 22.1 ± 4.0 Gy × 1 fraction 14 (21.5%)

 12.8 ± 2.2 Gy × 3 fractions 21 (32.3%)

 8.0 ± 1.4 Gy × 5 fractions 30 (46.2%)

*
M stage at presentation.

†
Heng’s criteria measured at the start of stereotactic ablative radiotherapy (SAbR).

‡
During initial SAbR course.

§
During all SAbR courses before systemic therapy.
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