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ARTICLE INFO ABSTRACT

Keywords: Background and purpose: Stereotactic ablative body radiotherapy (SABR) is an effective treatment for localized
Radiotherapy renal cell carcinoma (RCC). However, the role of primary site SABR for locally recurrent or metastatic RCC is
Radiosurgery

unclear. Here, we report outcomes of primary SABR across a diverse cohort of localized, recurrent, and meta-

g\aruln gnﬁl static RCC patients treated at our institution.
enal € . . . . .
Humans Materials and methods: RCC patients treated with SABR to lesions of the kidney or nephrectomy bed at our

Kidney institution with at least 6 months of follow-up were included for analysis. Local control, overall survival, and
freedom from distant failure were estimated using the Kaplan-Meier method. Estimated glomerular filtration rate
(eGFR) was assessed at baseline and following SABR.

Results: Fifty-three patients received primary site SABR. Thirty-seven (70 %) patients had localized RCC, and 16
(30 %) had metastatic RCC. Seven (13 %) had locally recurrent RCC after prior surgery or ablation. The median
tumor size was 4.5 cm (IQR 3.7-6.3). At a median follow-up of 23 months (IQR 12-35), 2-year local control was
100 %, and 3-year local control was 94.4 % (95 % CI 84.4 %-100 %). Among patients with initially localized
disease, the 2-year freedom from distant failure was 94.6 % (95 % CI 87.6 %-100 %), and the 2-year overall
survival was 66.5 % (95 % CI 51.9 %-85.2 %). Twelve (23 %) patients experienced acute grade 1-2 treatment-
related toxicity (nausea, vomiting, or small bowel). There were no acute grade 3-4 toxicities. Two (3.8 %) pa-
tients developed late grade 3 gastrointestinal toxicity. The median baseline eGFR was 51 mL/min/1.73 m? (IQR
38-77). At 1-year post-SABR, the median eGFR decline was 5 mL/min/1.73 m? (IQR —3 to 9). One patient
required dialysis following SABR.

Conclusion: This analysis demonstrates excellent local control rates across patients with localized, recurrent, and
metastatic RCC treated with SABR. Treatment was associated with minimal eGFR decline.

1. Introduction as partial or radical nephrectomy. Nephrectomy is the gold standard for
the treatment of localized RCC. However, for those who are medically

The incidence of renal cell carcinoma (RCC) in the United States has unfit for surgery, alternative options include thermal ablation (TA) and
been steadily increasing, particularly among patients over the age of 65 stereotactic ablative body radiotherapy (SABR). The use of TA is
[1]. Older patients are more likely to have reduced kidney function or generally restricted to T1la tumors, as local recurrence rates with TA for
comorbid conditions that preclude them from undergoing surgery, such T1b tumors are suboptimal at ~20-30 % [2]. Furthermore, tumor
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location near the renal pelvis or ureter correlates with a higher incidence
of tumor progression and ureteral injury following TA [3,4].

Given the limitations of TA, there has been increasing interest in
SABR as a non-invasive treatment for inoperable RCC, particularly for
larger tumors. While RCC was historically considered to be radio-
resistant based on early preclinical data [5], SABR has emerged as a
highly effective treatment for localized RCC, with a 5-year local failure
rate of only 5.5 % based on a multi-institutional meta-analysis from the
International Radiosurgery Consortium of the Kidney (IROCK) [6].
Although the safety and efficacy of SABR have been established for T1
and select T2 tumors confined to the kidney [6-10], further work is
needed to define the role of SABR for T3 tumors extending into renal
vein or inferior vena cava (IVC).

For locally recurrent or metastatic RCC, treatment is multidisci-
plinary and may entail a combination of systemic therapy (e.g., immu-
notherapy or targeted agents), surgery (e.g., nephrectomy or
metastasectomy), or radiotherapy (e.g., SABR to the primary tumor or
metastatic sites). In the prior era of cytokine-based systemic therapy,
cytoreductive nephrectomy was shown to confer a modest survival
advantage across two prospective clinical trials [11,12]. However, a
more recent randomized controlled trial has challenged this notion, as
sunitinib monotherapy was found to be non-inferior to nephrectomy
followed by sunitinib [13]. The relevance of these data in the modern
era is unclear, given the recent evolution of systemic therapy to immune
checkpoint therapy combinations. In contrast to cytoreductive ne-
phrectomy, very little is known regarding the efficacy of primary tumor
SABR for metastatic RCC.

Further data are needed to elucidate the role of primary tumor SABR
for patients with more advanced presentations of RCC (e.g., stage III-IV
disease). Here, we report the outcomes of primary SABR to the kidney or
to the nephrectomy bed across a diverse cohort of localized, recurrent,
and metastatic RCC patients treated at our institution.

2. Materials and methods
2.1. Participants

All RCC patients treated with SABR to lesions of the kidney or the
nephrectomy bed at our institution with a minimum post-treatment
follow-up time of 6 months were included for analysis. Patients were
deemed high risk of peri-operative complications and/or high risk for
dialysis. All patients had radiographic evidence of tumor growth prior to
referral for SABR. Pathologic confirmation via biopsy was routinely
performed (94 % of patients).

Demographic characteristics, including age, gender, race, Eastern
Cooperative Oncology Group (ECOG) performance status, and Karnof-
sky Performance Status (KPS) score, were retrospectively reviewed. The
Charlson Comorbidity Index was calculated for each patient. Tumor
characteristics were collected, including tumor stage, size, and location
(unifocal, multifocal, or bilateral). RENAL nephrometry scores were
calculated for all kidney tumors. Stage was determined according to the
American Joint Committee on Cancer (AJCC) staging system, 8th edi-
tion. This study was approved by our institutional review board (IRB
number 23-1674). Data were retrospectively collected and updated last
in August 2024.

2.2. Procedures

The intervention in this study was SABR to the kidney tumor, or if
locally recurrent, to the nephrectomy bed. SABR dosing regimens were
selected per clinician discretion, ranging from 1 to 5 fractions. Appro-
priate radiotherapy regimens were selected based on tumor size and
extent, proximity to organs-at-risk (OARs), and distance from the pa-
tient’s residence to the treatment facility. The radiotherapy dose for
single-fraction SABR was 26 Gy. Three-fraction regimens ranged from
30-45 Gy cumulative dose (10-15 Gy/fraction), most commonly to 42
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Gy or 45 Gy. Five-fraction regimens ranged from 40-50 Gy cumulative
dose (8-10 Gy/fraction), most commonly to 50 Gy. Overall treatment
time ranged from 1 day (for single-fraction SABR) to 2 weeks, delivered
either once daily or once every other day. Biologically effective doses
using an a/p ratio of 10 (BED;y) were calculated using the linear-
quadratic formula.

Before treatment, fiducial markers were placed by interventional
radiology within the ipsilateral kidney at the time of biopsy. At simu-
lation, patients were immobilized using a stereotactic body frame. A
four-dimensional CT scan was used to account for respiratory motion. A
pre-treatment MRI, if available, was fused to the planning CT scan for
contouring. An internal target volume (ITV) was contoured for each
tumor, including the total tumor excursion throughout the respiratory
cycle. A 3-5 mm isotropic expansion was added to the ITV to form the
planning target volume (PTV). If applicable, tumor thrombus extending
into the renal vein or IVC was contoured and included in the ITV. A
bowel planning organ-at-risk volume (PRV) margin of 2-3 mm was used
during radiotherapy planning to account for possible intestinal motion.
Institutional dose constraints, adapted from the Timmerman tables [14],
were used to limit radiation dose to OARs. All patients were treated
using a Varian TrueBeam linear accelerator, with daily kV imaging
(triggered to fiducials) and cone-beam CT for setup verification. Con-
current or adjuvant systemic therapy was permitted during treatment;
however, concurrent use of vascular endothelial growth factor receptor
(VEGFR) inhibitors was generally avoided. Following treatment, CT or
MRI scans were obtained at 3- to 6-month intervals for tumor
assessment.

2.3. Outcome measures

Our primary outcome was local control (LC), measured from the date
of SABR completion to the first evidence of radiographic local progres-
sion, as evaluated by the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, censored at the last radiographic assessment.
Secondary outcomes were overall survival (OS), defined as the time
from the date of SABR completion to the date of death from any cause,
and freedom from distant failure (FFDF), defined as the time from the
date of SABR completion to the first documented distant progression,
with death as a censoring event. FFDF was calculated only for patients
with non-metastatic disease at initial diagnosis and treatment. Toxicities
were reported according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0. Among patients with an intact
ipsilateral kidney who were not on dialysis pre-SABR, renal function
outcomes were assessed using estimated glomerular filtration rate
(eGFR) data at baseline and 1-year, 2-years, and 3-years post-SABR.

2.4. Statistical analysis

Baseline characteristics were summarized using descriptive statis-
tics. LC, OS, and FFDF were estimated using the Kaplan-Meier method.
Linear modeling was used to test the association of 1-year post-SABR
eGFR with the following clinical and treatment-related features: age,
gender, race, Charlson Comorbidity Index, disease extent, baseline
eGFR, ITV, PTV, ipsilateral kidney volume, BED;p, and RENAL nephr-
ometry score. All statistical tests were two-sided and performed at the
0.05 significance level using R version 4.3.1 [15].

3. Results

From March 2018 to April 2024, 65 patients with RCC were treated
with primary site SABR at our institution. Of those, 53 patients had a
post-treatment interval of at least 6 months and were included for
analysis. Table 1 summarizes baseline patient, tumor, and treatment
characteristics. Twenty-six (49 %) patients received single-fraction
SABR (26 Gy), 15 (28 %) received 3 fractions (most commonly to
42-45 Gy), and 12 (23 %) received 5 fractions (most commonly to 50
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Table 1
Baseline Characteristics.
N = 53

Age (years) 73 (65, 80)
Gender
Male 32 (60 %)
Female 21 (40 %)
Race
Black 21 (40 %)
White 27 (51 %)
Other 5 (9.4 %)
Performance status
Favorable (ECOG 0-1 or KPS > 80) 40 (75 %)
Unfavorable (ECOG 2 or KPS 70) 13 (25 %)
Charlson comorbidity index 8(7,9)
Solitary kidney 8 (15 %)
Disease extent
Localized 35 (66 %)
Regional 2 (3.8 %)
Metastatic 16 (30 %)
Total number of metastases (if metastatic)
1-2 6 (38 %)
3-5 4 (25 %)
>5 6 (38 %)
Locally recurrent after nephrectomy 7 (13 %)
T stage (if not recurrent)
1 36 (78 %)
2 3 (6.5 %)
3 5 (11 %)
4 2 (4.3 %)
N stage (if not recurrent)
0 44 (96 %)
1 2 (4.3 %)
M stage (if not recurrent)
0 32 (70 %)
1 14 (30 %)
Histology type (if biopsied)
Clear cell 32 (64 %)
Papillary 14 (28 %)
Other RCC 1 (2.0 %)
Non-diagnostic biopsy 3 (6.0 %)
Tumor location
Unifocal 50 (94 %)
Multifocal 2 (3.8 %)
Bilateral 1 (1.9 %)
Maximum tumor dimension (cm) 4.5 (3.7, 6.3)
RENAL nephrometry score (if not recurrent) 8(7,9)
RENAL complexity group (if not recurrent)
High 7 (15 %)
Intermediate 29 (63 %)
Low 10 (22 %)
Dose and fractionation
26 Gy in 1 fraction 26 (49 %)
30 Gy in 3 fractions 1(1.9%)
42 Gy in 3 fractions 3 (5.7 %)
45 Gy in 3 fractions 11 (21 %)
40 Gy in 5 fractions 3 (5.7 %)
45 Gy in 5 fractions 1(1.9%)
50 Gy in 5 fractions 8 (15 %)

BED; (Gy) 93.6 (93.6, 100.8)

ECOG = Eastern Cooperative Oncology Group. KPS = Karnofsky Performance
Status. RCC = renal cell carcinoma. BED;, = biologically effective dose using an
o/p ratio of 10. IQR = interquartile range.

! Median (IQR); n (%).

Gy). Three (5.7 %) patients received concurrent immunotherapy with
SABR, and 3 (5.7 %) patients received adjuvant immunotherapy with or
without VEGFR inhibitor following SABR.

At a median follow-up of 23 months (IQR 12-35), the 2-year LC was
100 %, while the 3-year LC was 94.4 % (95 % CI 84.4 %-100 %). Across
all 53 patients, there was 1 local failure. This patient was initially treated
with primary tumor SABR (26 Gy in 1 fraction) along with SABR to
oligometastatic sites, which were controlled without systemic therapy.
Within 1-year post-SABR, the patient developed multiple new metastatic
pulmonary nodules, for which pembrolizumab monotherapy was
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started, followed by the addition of axitinib for disease progression.
Subsequently, at roughly 2-years post-SABR, the patient developed
progressive renal vein and IVC tumor thrombus on surveillance imaging
consistent with local failure. OS was 82.6 % (95 % CI 72.8 %-93.6 %) at
1 year, 66.1 % (95 % CI 53.7 %-81.4 %) at 2 years, and 46.2 % (95 % CI
32.1 %-66.5 %) at 3 years. The 2-year OS was 66.5 % (95 % CI 51.9 %
85.2 %) and 67.0 % (47.0 %-95.5 %) for localized RCC and metastatic
RCC patients, respectively. Among 37 patients with initially localized
disease, the 2-year FFDF was 94.6 % (95 % CI 87.6 %-100 %). Kaplan-
Meier curves are shown in Fig. 1.

Of the 53 patients, 20 were excluded from eGFR analysis due to
baseline end-stage renal disease requiring dialysis (n = 5) or renal
transplant (n = 1), history of ipsilateral nephrectomy (n = 7), or absence
of eGFR data past 6 months, e.g., in the case of death within 6 months
post-SABR (n = 7). Among the 33 remaining patients, the median
baseline eGFR was 51 mL/min/1.73 m> (IQR 38-77). At 1-year post-
SABR, the median eGFR decline was 5 mL/min/1.73 m? (IQR -3 to
9). Individual patient eGFR changes are shown in Fig. 2. The median
drop in eGFR from baseline was 12 mL/min/1.73 m? (IQR 8-17) at 2-
years post-SABR (n = 18) and 11 mL/min/1.73 m? (IQR 5-17) at 3-
years post-SABR (n = 12). One (3.4 %) patient with a baseline eGFR
of 27 mL/min/1.73 m? required dialysis at 2 years post-SABR following
an acute heart failure exacerbation. Only baseline eGFR was signifi-
cantly associated with eGFR at 1 year with a drop of 8.4 mL/min/1.73
m? (95 % CI 6.6-10) in 1-year eGFR for every 10 mL/min/1.73 m?
decrease in baseline eGFR (p < 0.001). The linear model results are
summarized in Table 2.

Twelve (23 %) patients experienced acute grade 1-2 treatment-
related toxicity (nausea, vomiting, or small bowel). There were no
acute grade 3-4 toxicities. However, 2 (3.8 %) patients experienced late
grade 3 treatment-related toxicity. One patient developed a renal-cecal
fistula (attributed to SABR with adjuvant pembrolizumab/axitinib) and
subsequently underwent elective nephrectomy with hemicolectomy.
Another patient with a history of gastritis developed a radiation-induced
gastric ulcer with recurrent bleeding, requiring subtotal gastrectomy.
Toxicity outcomes are summarized in Table 3.

4. Discussion

To our knowledge, this is the first study reporting outcomes of pri-
mary site SABR across a broad cohort of localized, recurrent, and met-
astatic RCC patients. We included patients with more advanced stages of
RCC, such as patients with T2b-T4 tumors, metastatic disease, or local
recurrence following prior nephrectomy or ablation. Despite the het-
erogeneous patient population in this analysis, primary SABR demon-
strated excellent LC rates of 94.4 % at 3 years with an overall favorable
toxicity profile.

SABR is an established and guideline-recommended treatment for
medically inoperable RCC [16]. The most compelling data to support its
use for localized RCC are from large, multi-institutional efforts, such as
the IROCK meta-analysis [6-8] and FASTRACK II trial [9]. The IROCK
meta-analysis demonstrated a 5-year local failure rate of 5.5 % among
RCC patients with a median tumor diameter of 4.0 cm [6]. The FAS-
TRACK II trial enrolled 70 patients with T1-2aNO-1 RCC treated with
SABR, either 26 Gy in 1 fraction for smaller tumors or 42 Gy in 3 frac-
tions for larger tumors, and demonstrated a 1-year LC rate of 100 % [9].
Thus far, no prospective trials have directly compared SABR to other
local therapies, such as nephrectomy or TA. For medically inoperable
T1la RCC, TA is effective at achieving durable tumor control, with 5-year
local recurrence-free survival rates of roughly 90 % [17,18]. However,
the outcomes of TA for T1b tumors are less impressive, with local
recurrence rates of ~20-30 % [2]. Therefore, SABR is the preferred
treatment modality for larger tumors (i.e., >T1b) in medically inoper-
able patients.

The role of SABR for metastatic RCC has been evolving in the
contemporary era of immunotherapy and targeted agents. This is partly
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Fig. 1. Kaplan-Meier curves for (A) local control (all patients), (B) overall survival (all patients), (C) overall survival (localized RCC patients), (D) overall survival
(metastatic RCC patients), and (E) freedom from distant failure (localized RCC patients). Abbreviations: RCC = renal cell carcinoma.

due to emerging evidence suggesting that SABR has immunomodulatory
effects that might act synergistically with immune checkpoint inhibitors
[19,20]. While numerous studies have investigated cytoreductive ne-
phrectomy for metastatic RCC [11-13], the role of cytoreductive SABR is
less clear [20,21]. A pilot study by Singh et al. showed that upfront SABR
followed by cytoreductive nephrectomy was safe and feasible [20]. A
prospective phase I trial by Correa et al. demonstrated the safety and
feasibility of SABR as an alternative to cytoreductive nephrectomy for
inoperable patients with metastatic RCC [21]. Two ongoing trials are

investigating the role of primary tumor SABR for metastatic RCC in the
era of modern systemic therapy agents: NRG-GU012 SAMURAI
(NCT05327686) and CYTOSHRINK (NCT04090710). Aside from local
therapy to the primary tumor, metastasis-directed SABR could poten-
tially be used to delay the initiation of systemic therapy for patients with
oligometastatic RCC [22,23].

Data to support SABR for locally recurrent RCC are limited to case
reports and retrospective studies [24-26]. A retrospective analysis by
Liu et al. demonstrated that patients with recurrent localized RCC who
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Change in eGFR at 1-Year Post-SABR

Fig. 2. Waterfall plot showing the distribution of individual patient eGFR changes at 1-year post-SABR among the 33 patients with an intact ipsilateral kidney not on
dialysis at baseline. Abbreviations: eGFR = estimated glomerular filtration rate. SABR = stereotactic ablative body radiotherapy.

Table 2

eGFR analysis.
Characteristic N Beta 95 % CI p-value
eGFR, baseline 33 8.4 6.6, 10 <0.001
Internal target volume, cc 33 0.01 —0.04, 0.07 0.6
Planning target volume, cc 33 0.02 -0.02, 0.07 0.3
Kidney volume, cc 33 0.04 —0.05, 0.13 0.3
Charlson comorbidity index 33 —2.4 —6.4,1.5 0.2
Race 33
Black — —
Other 15 —14, 44 0.3
White 10 —6.4, 27 0.2
Age 33 -0.22 —-1.0, 0.58 0.6
BED; o 33 —0.04 —-0.91, 0.83 >0.9
Gender 33
Female — —
Male 2.1 -15,19 0.8
Disease extent 33
Localized — —
Metastatic 5.5 -11, 22 0.5
Nephrometry score 33 —0.29 —5.0, 4.4 >0.9

Abbreviations: CI = confidence interval. eGFR = estimated glomerular filtration
rate. BED;( = biologically effective dose using an a/p ratio of 10.

Table 3
Treatment-Related Toxicities Among All 53 Patients.
Grade 1 Grade 2 Grade 3

Any toxicity (acute or late)* 4 (8 %) 8 (15 %) 2 (4 %)
Nausea (acute) 4 (8 %) 8 (15 %) 0
Vomiting (acute) 3(6 %) 2 (4 %) 0
Small bowel (acute) 1(2 %) 0 0
Colorenal fistula (late) 0 0 1(2%)
Gastric ulcer (late) 0 0 12 %)

* Worst toxicity grade (1, 2, 3, or 4).

received local therapy (e.g., surgery or SABR) had significantly longer
progression-free survival compared to those who received systemic
therapy alone [25]. Among the 106 patients analyzed, 39 (36.8 %) were

treated with primary SABR to their recurrent disease, with a 1-year LC
rate of 96.6 %. Our study included 7 (13 %) patients with locally
recurrent tumors, none of whom experienced a local failure over the
follow-up period of this study.

Of the 46 patients without locally recurrent tumors, 5 (11 %) had T3
disease with renal vein or IVC tumor thrombus. After SABR mono-
therapy to the primary tumor (including tumor thrombus), none
developed local tumor progression. Patients with renal vein or IVC
tumor thrombus are at increased risk of complications such as varico-
cele, Budd-Chiari syndrome, or pulmonary embolism [27], thus under-
scoring the importance of prompt treatment. Unfortunately, the
standard definitive treatment in this setting is both complex and morbid,
consisting of radical nephrectomy with thrombectomy. Therefore, there
has been interest in utilizing neoadjuvant SABR to downstage tumors
and reduce surgical complexity, particularly for those with IVC wall
invasion [28,29]. Alternatively, there is evidence for responsiveness of
IVC thrombi to neoadjuvant immune checkpoint therapy prior to sur-
gery [30]. For patients who are unfit or unwilling to undergo surgery,
SABR monotherapy could be considered. Freifeld et al. demonstrated
that SABR to the IVC thrombus with or without SABR to the primary
tumor or metastatic sites was safe and feasible, with thrombus regres-
sion in 7/12 (58 %) patients and symptom palliation in 5/5 (100 %)
patients [31]. Similarly, our results demonstrate that SABR mono-
therapy for T3 tumors may be considered in lieu of surgery for patients
with medically inoperable RCC.

Our analysis demonstrated clinically acceptable eGFR decline
following primary SABR, with a median eGFR decline of 5 mL/min/1.73
m2at1 year, 12 mL/min/1.73 m?at2 years, and 11 mL/min/1.73 m?at
3 years. This is comparable to the median eGFR decline reported from
IROCK of 5.5 mL/min/1.73 m? at 1 year, up to 14.2 mL/min/1.73 m? at
5 years [6]. In the FASTRACK II trial, baseline mean eGFR decreased by
10.8 mL/min/1.73 m? at 1 year and by 14.6 mL/min/1.73 m? at 2 years,
while plateauing thereafter [9]. Similar to the findings from our cohort,
they showed that only baseline eGFR was associated with 12-month
post-treatment eGFR, with an average reduction of 8.4 mL/min/1.73
m? at 12 months per 10 mL/min/1.73 m? lower baseline eGFR. A
retrospective analysis by Ali et al. showed a median eGFR decline of 14
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mL/min/1.73 m? following SABR, with worse baseline chronic kidney
disease being the strongest predictor for eGFR decline [32]. Overall, our
renal function outcomes confirm that SABR is safe for medically inop-
erable patients with localized, recurrent, and metastatic RCC.

Several limitations should be acknowledged. First, the retrospective
nature of the analysis introduces the potential for selection bias and
premature loss of follow-up. Second, the relatively small sample size and
single-institution nature of this study limit the generalizability of its
findings. Third, the limited follow-up period of this study may not
capture relevant long-term outcomes, such as durable treatment
response rates or long-term eGFR decline. Finally, variations in SABR
dosing or SABR targets (in the case of metastasis-directed radiotherapy)
and the use of concurrent or adjuvant systemic therapies could influence
overall treatment outcomes and toxicity profiles.

In conclusion, our findings demonstrate that primary site SABR is an
effective and well-tolerated treatment option for patients with localized,
recurrent, and metastatic RCC. SABR offers excellent short-term LC rates
with favorable toxicity outcomes and minimal eGFR decline. Though
further prospective trials are needed, primary site SABR shows promise
for treating more advanced stages of RCC in the contemporary era of
immunotherapy combinations.
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