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Abstract

Although systemic therapy represents the standard of care for polymetastatic kidney cancer, stereotactic body radiation
therapy (SBRT) may play a relevant role in the oligometastatic setting. We conducted a multicenter study including oligo-
metastatic kidney cancer treated with SBRT. We retrospectively analyzed 207 patients who underwent 245 SBRT treatments
on 385 lesions, including 165 (42.9%) oligorecurrent (OR) and 220 (57.1%) oligoprogressive (OP) lesions. Most common
sites were lung (30.9%) for OR group, and bone (32.7%) for OP group. Among 78 (31.8%) patients receiving concomitant
systemic therapy, sunitinib (61.5%) and pazopanib (15.4%) were the most common for OR patients, while sunitinib (49.2%)
and nivolumab (20.0%) for OP patients. End points were local control (LC), progression free survival (PFS), overall survival
(OS), time to next systemic therapy (TTNS) and toxicity. Median follow-up was 18.6 months. 1, 2 and 3-year LC rates were
89.4%, 80.1% and 76.6% in OR patients, and 82.7%, 76.9% and 64.3% in those with OP, respectively. LC for OP group was
influenced by clear cell histology (p=0.000), total number of lesions (p=0.004), systemic therapy during SBRT (p=0.012),
and SBRT dose (p=0.012). Median PFS was 37.9 months. 1, 2- and 3-year OS was 92.7%, 86.4% and 81.8%, respectively.
Median TTNS was 15.8 months for OR patients, and 13.9 months for OP patients. No grade 3 or higher toxicities were
reported for both groups. SBRT may be considered an effective safe option in the multidisciplinary management of both OR
and OP metastases from kidney cancer.

Keywords Stereotactic body radiation therapy - Sbrt - Sabr - Kidney cancer - Renal cell carcinoma - Oligometastases -
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Introduction

Kidney represents a frequent site of malignant tumors, with
13,400 new cases in Italy in 2018 [1]. The majority of kid-
ney tumors arise from the parenchyma (85%), and clear cell
renal carcinoma is the most represented histology (70-80%)
[2]. Surgical resection is the main treatment of the disease,
however about 30% of operated patients will develop distant
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metastases during their life, most commonly in lung, liver
or bone [3, 4].

Although systemic therapy represents the standard of
care for patients with metastatic disease, recently several
studies [5—10] evaluated the role of stereotactic body radia-
tion therapy (SBRT) in oligometastatic patients, with the
aim to control isolated foci of disease [11]. The use of high
dose per fraction could potentially overcome the presumed
intrinsic radioresistance of kidney tumors that have relegated
radiotherapy to a merely palliative approach for a long time
[12, 13].

Given the high rates of in-field control, superior to 90%
1 year after SBRT [14, 15], this treatment could represent a
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promising therapeutic option in selected patients, as proved
for other primary tumors including prostate cancer [16]. A
recent meta-analysis including 28 studies and 1602 patients
showed 90% of metastases control and only 1% of significant
toxicity at 1 year [17]. While Stenman et al. [18] demon-
strated that metastatic renal cell carcinoma (RCC) patients
treated with SBRT had comparable survival to surgically
resected patients, the majority of published experiences on
SBRT included limited sample size, making it difficult to
draw conclusions about the implementation of this strategy
with modern systemic treatments.

For these reasons, the AIRO (Italian Association of Radi-
otherapy and Clinical Oncology) Genitourinary study group
promoted a multicenter study including patients affected by
oligometastatic kidney cancer treated with SBRT, to inves-
tigate its possible benefit in terms of disease control, delay
of next-line systemic therapy and safety of concomitant
treatments.

Materials and methods

In this retrospective multicenter analysis, we included con-
secutive patients treated with SBRT from 2010 to 2020 on
a limited number of extracranial metastases from histologi-
cally proven kidney cancer. Palliative treatments and reir-
radiation were excluded from the analysis and only metas-
tasis-directed treatments delivered in 1-10 fractions with a
dose per fraction >5 Gy were included. The analysis was
firstly approved by the ethical committee of the Humanitas
Research Hospital, and subsequently by all the participant
centers. All patients were discussed at a local multidiscipli-
nary board. Patients were considered in the analysis if SBRT
was administered to either oligorecurrent (OR) or oligopro-
gressive (OP) lesions. OR was defined as the occurrence of
isolated sites of disease in the absence of ongoing systemic
therapy, while OP was defined as the progression of isolated
metastases on a background of otherwise stable disease dur-
ing systemic therapy or observation. Patients were treated
with SBRT on maximum 5 metastases both in OR or OP
setting, and received further SBRT in case of new OR or
OP still amenable to a local treatment. Patients with brain
disease or treated on 6 or more extracranial metastases were
excluded.

Radiation treatments were delivered with gantry-based
or Cyberknife® robotic arm accelerators. For all patients,
the clinical target volume (CTV) was identified on simu-
lation CT imaging and then co-registered with MRI scan
when available. For gantry-based treatment, a 4D CT scan
was acquired for lesions located into organs subject to
internal movement (e.g., lung or liver). Under these cir-
cumstances, an Internal Target Volume (ITV) was defined
to compensate for expected physiologic movements. An

@ Springer

isotropic margin of 5—10 mm, depending on disease’s site
and lesion’s size, was added to CTV or ITV to obtain a
planning target volume (PTV). Every treatment session
was carried out after a set-up evaluation with Cone-
Beam CT imaging. For Cyberknife® robotic approach, a
1.25 slice thickness planning CT was acquired. Contrast
enhancement was required in all visceral lesions, and in
nodal lesions in case of uncertainties in delineating the
target and surrounding tissues. To take into account intra-
fraction motion, different tracking systems were used
according to target location, including Xsight® spine and
Xsight® lung tracking system [19]. Synchrony respiratory
tracking system was used for all tumors prone to breathing
motion [20].

End points of the present study were local control (LC),
progression free survival (PFS), overall survival (OS),
time to next systemic therapy (TTNS) and pattern of toxic-
ity. Local control was analyzed at lesion level and defined
as the time from the first session of SBRT to progression
of treated metastases or last follow-up. The time from first
session of SBRT to in-field or out-of-field progression or
last-follow-up was defined as PFS and analyzed at patient
level. Overall survival was calculated from first session
of SBRT to either death of any cause or last follow-up.
The TTNS was calculated from first session of SBRT to
activation, switch, or intensification of systemic therapy.
To determine the robustness of our assessment, a sensitive
analysis was conducted according to the type of oligo-
metastatic setting (OR vs OP), for patients treated with
immune checkpoint inhibitors (ICI), and for those who
received concomitant systemic therapy. Clinical evalua-
tion and diagnostic imaging (CT or MRI scan) were avail-
able for every follow-up visit. Tumour response was clas-
sified according to European Organization for Research
and Treatment of Cancer Response Evaluation Criteria
In Solid Tumours (EORTC-RECIST) version 1.16. The
RECIST in-field progressive disease was considered as
local failure and these lesions were classified as not con-
trolled, accordingly. Toxicity was assessed from medical
records and classified according to Common Terminology
Criteria for Adverse Events (CTCAE) version 5.

Univariate survival analysis was performed with the log-
rank test, and Cox proportional hazards regression was used
to estimate hazard ratios (HR). Multivariable Cox regression
analysis was performed to evaluate the association between
clinical factors and outcomes with a significance level of
p<0.05. Age (years), performance status (PS), time to
metastases (months), total number of metastases and treated
lesions, maximum diameter (mm), lines of systemic therapy,
time to SBRT (months) and biological effective dose (BED,
calculated with an alpha/beta ratio of 10) were evaluated as
continuous values. Statistical calculations were performed
using STATA, version 14.
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Results

A total of 207 patients underwent 245 SBRT treatments
on 385 lesions, 165 (42.9%) of whom were classified as
OR while 220 (57.1%) as OP. Patients’ and treatments’
characteristics of the whole population and according to
the oligometastatic settings are summarized in Table 1.
Few cases have already been included in previous mono-
institutional publications [5, 21]; follow-up was updated
for the inclusion in the present study. Median age was
66.6 years (29.8-86.4) and most patients were males, rep-
resenting 75.8% of OR group and 77.6% of OP group,
respectively. The most common histology was clear cell
carcinoma in both populations (206 patients, 80.7% for
OR and 86.8% for OP). A longer median time from the
diagnosis of the primary tumor to the appearance of dis-
tant metastases was observed for OR compared to OP
patients, with 36.8 (0-1371.7) months vs 12.1 (4—1345.2)
(p=0.001), respectively. The total number of metastases
was higher for OP compared to OR patients (p=0.002),
while no difference between the two groups (p=0.465) in
terms of number of irradiated lesions. Number of irradi-
ated lesions was 1, 2 and 3 in 67 (61.5%), 26 (23.9%), and
13 (11.9%) OR patients, and in 75 (55.1%), 35 (25.7%),
and 16 (11.8%) OP patients, respectively. The 2.7% of OR
patients and 7.4% of OP patients were treated on four or
five metastases. The most common sites of metastases
were lung (51, 30.9%) for OR group, and bone (72, 32.7%)
for OP group. Forty-one patients (19.8%), of whom 18
(19.7%) and 23 (19.8%) in the OR and OP groups, respec-
tively, received further SBRT on metastatic sites after the
first treatment. Systemic therapy was administered before
SBRT and interrupted at least 6 months earlier in 137
(55.9%) patients while 108 (44.1%) patients didn’t receive
any treatment before radiotherapy. Systemic therapy was
administered during SBRT in 78 (31.8%) patients. A total
of 47.8% OP patients were on active systemic therapy dur-
ing SBRT, while the remaining 52.2% was on observation
or interrupted systemic therapy in the 6 months before
SBRT. Among patients who received concomitant ther-
apy, sunitinib (61.5%) and pazopanib (15.4%) were the
most common in OR patients, and sunitinib (49.2%) and
nivolumab (20.0%) in OP patients. Median time from diag-
nosis of first metastases to SBRT in the overall popula-
tion was 17.7 months (0.2-1398.0) 10 and 22.6 months in
OR and OP groups, respectively. Median prescribed dose
was 36 Gy (10-75), delivered in 1 to 10 fractions. Median
BED,, was 60 Gy for both OR and OP subgroups. Most
common schedules were: 48 Gy in 4 fractions (36 lesions,
9.3%), 25 Gy in 5 fractions (32 lesions, 8.3%), 45 Gy in 6
fractions (30 lesions, 7.8%) and 36 Gy in 6 fractions (29
lesions, 7.5%).

Outcome of the whole population

Median follow-up was 18.6 months (3—-119.1) and 175
(84.5%) patients were still alive at time of analysis. 1,
2- and 3-year LC rates were 85.6% (95%CI 81.1-89.1),
78.3% (95%CI 72.5-83.0) and 69.8% (95%CI 62.3-76.0),
respectively. Median LC was not reached (Fig. 1). Uni-
variate analysis is reported in Table 2. At multivariable
analysis, clear cell histology (HR 0.46, 95%CI 0.26-0.80;
p=0.007), increasing total number of metastases (HR
1.16, 95%CI 1.01-1.32; p=0.032), and increasing BED
(HR 0.98, 95%CI 0.97-0.99; p=0.017) were significant
for LC (Table 3). Rates of PFS at 1-, 2- and 3-years were
71.9% (95%CI 64.5-78.0), 59.0% (95%CI 50.4-66.6) and
50.8% (95%CI 41.1-59.7), respectively. Median PFS was
37.9 months (Fig. 2). Table 2 shows univariate analysis for
PFS. At multivariable analysis, total number of metastases
(HR 1.32, 95%CI 1.15-1.51; p=0.000) was significantly
associated with PFS (Table 3). 1-, 2- and 3-year OS was
92.4% (95%CI 87.3-95.5), 85.4% (95%CI 78.6-90.2) and
82.0% (95%CI 74.1-87.7), respectively (Fig. 3). Median OS
was not reached. Univariate analysis is illustrated in Table 2.
At multivariable analysis, total number of metastases (HR
1.49, 95%CI 1.12-1.97; p=0.005) and lesions’ diameter
(HR 1.03, 95%CI 1.00-1.06; p=0.014) were found signifi-
cantly associated with OS (Table 3).

Outcome of oligorecurrent group

The sensitive analysis for the OR subgroup showed LC
rates at 1-, 2- and 3-years of 89.4% (95%CI 82.6-93.6),
80.1% (95%CI 70.9-86.7) and 76.6% (95%CI 66.2-84.1)
as in Fig. 1. Univariate analysis for OR is displayed in
Table S1. At multivariable analysis, only increasing BED,
had a trend to significance (HR 0.96, 95%CI 0.94-1.00;
p=0.052) for OR lesions (Table S3). PFS at 1-, 2- and
3-years was 70.0% (95%CI 59.1-79.5), 64.8% (95%CI
52.2-74.8) and 56.1% (95%CI 41.7-68.3). Univariate analy-
sis is reported in Table S1. Multivariable analysis showed
that presence of bone disease (HR 2.62, 95%CI 1.05-6.50;
p=0.038) and total number of metastases (HR 1.40, 95%CI
1.12-1.75; p=0.003) were significantly associated with PFS
(Table S3). The OS rates at 1, 2 and 3 years were 94.5%
(95%CI 86.0-97.9), 89.6% (95%CI 79.4-94.9), and 84.6%
(95%CI 71.6-92.0), respectively. The only significant factor
for OS was the total number of metastases (HR 1.83, 95%CI
1.27-2.63; p=0.001), as shown in Table S3.

Outcome of oligoprogressive group
For OP group, LC rates at 1-, 2- and 3-years was 82.7%

(95%C176.0-87.7), 76.9% (95%CI 68.9-83.9), and 64.3%
(95%CI 53.4-73.3) as in Fig. 1. Univariate analysis is
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Table 1 Patients’ and treatments’ characteristics for the whole groups and according to the oligometastatic settings

Value (%)
All patients Oligorecurrent patients Oligoprogressive patients p value
Number of patients 207 91 (44.0) 116 (56.0)
Number of treatments 245 109 (44.5) 136 (55.5)
Number of lesions 385 165 (42.9) 220 (57.1)
Age, median (range) 66.6 (29.8-86.4) 69.2 (35.9-86.3) 65.3 (29.8-84.7) 0.001
Sex 0.766
Female 48 (23.2) 22 (24.2) 26 (22.4)
Male 159 (76.8) 69 (75.8) 90 (77.6)
Performance status 0.535
0 177 (72.3) 80 (73.4) 97 (71.3)
1 63 (25.7) 28 (25.7) 35(25.7)
2 5(2.0) 1(0.9) 4(2.9)
Histology
Renal cell
Clear cell 206 (84.1) 88 (80.7) 118 (86.8) 0.496
Papillary cell 10 (4.2) 5(4.6) 5@3.7)
Chromophobe cell 6 (2.6) 4 (3.7) 2(1.5)
Spindle cell 1(0.4) 0 1(0.7)
ND 7 (2.8) 43.7) 3(2.2)
Urothelial carcinoma 11 4.7) 6(5.5) 5@3.7)
Neuroendocrine carcinoma 1(0.4) 0 1(0.7)
ND 2 (0.8) 2 (1.8) 0
Time to metastases, median (range) 26.3 months (0-1371.7) 36.8 (0-1371.7) 12.1 (4-1345.2) 0.001
Presence of bone metastases 0.447
No 165 (65.3) 74 (67.9) 86 (63.2)
Yes 85 (34.7) 35(32.1) 50 (36.8)
Total number of metastases
1 70 (28.6) 44 (40.4) 26 (19.1) 0.002
2 52 (22.0) 25 (22.9) 27 (19.8)
3 36 (14.7) 15 (13.7) 21 (15.4)
4 17 (6.9) 6(5.5) 11 (8.1)
5 19 (7.8) 5 (4.6) 14 (10.3)
>5 51 (20.8) 14 (12.8) 37 (27.2)
Treated lesions
1 142 (58.0) 67 (61.5) 75 (55.1) 0.465
2 61 (24.9) 26 (23.9) 35 (25.7)
3 29 (11.8) 13 (11.9) 16 (11.8)
4 93.7) 1(0.9) 8(5.9)
5 4(1.6) 2(1.8) 2(1.5)
Site of metastases
Liver 24 (6.3) 11 (6.7)
Lymph node 79 (20.5) 33 (20.0)
Renal bed 8(2.1) 3(1.8)
Muscles 5(1.3) 4(2.4)
Bone 116 (30.1) 44 (26.7)
Pancreas 23 (6.0) 1509.1)
Pleura 1(0.3) 0
Lung 116 (30.1) 51(30.9)
Adrenal Gland 13 (3.4) 424
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Table 1 (continued)
Value (%)
All patients Oligorecurrent patients Oligoprogressive patients p value

Lesion diameter, median (range) 20 mm (5-75) 20 (5-52) 20 (5-75) 0.069
Systemic therapy before SBRT 0.000

No 108 (44.1) 72 (66.1) 36 (26.5)

Yes 137 (55.9) 37 (33.9) 100 (73.5)
Number of lines before SBRT

0 108 (44.1) 72 (66.1) 36 (26.5) 0.000

1 88 (35.9) 30 (27.5) 58 (42.6)

2 35 (14.3) 6(5.5) 29 (21.3)

3 10 (4.1) 1(0.9) 9 (6.6)

4 4(1.6) 0 4(2.9)
Systemic therapy during SBRT 0.000

No 167 (68.2) 96 (88.1) 71(52.2)

Yes 78 (31.8) 13 (11.9) 65 (47.8)
Concomitant systemic therapy

Interluekin-2 1(1.3) 0 1(1.5) 0.010

Nivolumab 14 (17.9) 1(7.7) 13 (20.0)

Pazopanib 12 (15.4) 2 (15.4) 10 (15.4)

Temsirolimus 1(1.3) 1(7.7) 0

Axitinib 3(3.8) 1(7.7) 2(3.1)

Everolimus 1(1.3) 0 1(1.5)

Cabozantinib 4(5.1) 0 4(6.1)

Gem + doxorubicine 1(1.3) 0 1(1.5)

Sunitinib 40 (51.2) 8 (61.5) 32 (49.2)

Tivozanib 1(1.3) 0 1(1.5)
Time to SBRT, median (range) 17.7 months (0.1-1398.0) 10 (0.4-169.8) 22.6 (0.1-1398.0) 0.2687
Total dose, median (range) 36 Gy (10-75) 36 (10-75) 36 (15-75) 0.4519
Number of fractions, median (range) 5 (1-10) 4 (1-10) 5 (1-10) 0.9585
BED10, median (range) 60 Gy (20-262.5) 60 (20-262.5) 60 (28.8-262.5) 0.3688

displayed in Table S2. At multivariable analysis, clear
cell histology (HR 0.17, 95%CI 0.08-0.39; p=0.000),
total number of lesions (HR 1.35, 95%CI 1.09-1.67;
p=0.004), systemic therapy during SBRT (HR 3.19,
95%CI 1.28-7.89; p=0.012), and increasing BED,, (HR
0.98, 95%CI 0.97-0.99; p=0.012) were found statisti-
cally significant (Table S4). PFS at 1, 2 and 3 years was
72.9% (95%CI 62.8-80.7), 54.1% (95%CI1 41.9-64.7) and
46.2% (95%CI 33.0-58.4). Univariate analysis is reported
in Tables S2. Multivariable analysis showed that increas-
ing BED,, (HR 0.98, 95%CI 0.97-0.99; p=0.033), and
total number of metastases (HR 1.33, 95%CI 1.11-1.59;
p=0.002) were significant (Table S4). OS rates at 1, 2 and
3 years were 90.8% (95%CI 83.1-95.1), 81.9% (95%CI
71.3-88.8), and 79.9% (95%CI1 68.7-87.4), respec-
tively, and total number of metastases (HR 1.58, 95%CI
1.08-2.32, p=0.018) was confirmed to be predictive of
worse outcome (Table S4).

Impact of systemic therapy

Systemic therapy was administered after SBRT in 135 cases
(55.1%), 67 (27.3%) of whom continued the on-going treat-
ment, while 69 (28.2%) shifted to next systemic therapy (27
in the OR group and 42 in the OP group). For the whole
population, median TTNS was 13.9 months (range 0.3-119),
while for patients who underwent a new line of systemic
therapy it was 6.6 months (range 0.3-73.0). Same features
for OR and OP groups were 15.8 (range 0.3-11.9.3) and
13.9 months (range 0.3-90.5), respectively.

Regarding the subgroup of patients who received ICI
during SBRT, 12- and 18-months LC rates were 100%
and 100%, respectively. Rates of PFS were 83.3% both at
12- and 18-months; median PFS was not reached. In terms
of OS, 100% rate was observed at 12 and 18 months. The
sensitive analysis for the use of concomitant systemic ther-
apy showed 1-, 2- and 3-years LC rates of 87.6% (95%ClI
82.3-91.4), 79.1% (95%CI 72.2-84.5), and 74.3% (95%CI
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Fig. 1 Kaplan—Meier curves of local control for A the whole sample; B according to the number of total metastases; C according to the dose in
terms of BED,,; D according to the oligometastatic setting

Table 2 Univariate analysis for local control, progression free survival and overall survival

Univariate analysis

Local control

Progression free survival

Overall survival

HR, 95%Cl p value HR, 95%ClL p value HR, 95%CI p value
Age 0.99, 0.97-1.02 0.932 0.98, 0.96-1.00 0.196 0.99, 0.96-1.02 0.707
Sex 0.94, 0.54-1.62 0.838 0.80, 0.47-1.34 0.397 0.92,0.43-1.97 0.835
Performance status 0.90, 0.53-1.52 0.708 0.77, 0.46-1.27 0.311 1.01, 0.49-2.08 0.972
Histology, non-clear cell vs clear cell 0.42, 0.24-0.70 0.001 0.56, 0.31-1.00 0.050 0.37, 0.16-0.83 0.016
Time to metastases 0.99, 0.99-1.00 0.261 0.99, 0.99-1.00 0.147 0.97, 0.96-0.99 0.002
Bone disease 1.86, 1.17-2.96 0.008 2.43,1.52-3.87 0.000 2.90, 1.45-5.80 0.003
Lung mets vs other 2.30, 1.26-4.22 0.007 2.27,1.26-4.09 0.006 2.72,1.07-7.16 0.035
Number total metastases 1.25,1.10-1.42 0.000 1.44,1.27-1.63 0.000 1.75,1.41-2.17 0.000
Number treated metastases 1.09, 0.92-1.29 0.275 1.56, 1.28-1.90 0.000 1.15, 0.84-1.57 0.354
Maximum diameter 1.01, 0.99-1.03 0.054 1.01, 0.99-1.03 0.097 1.04, 1.01-1.06 0.002
Oligorecurrence vs progression 1.75,1.07-2.86 0.025 1.19, 0.74-1.91 0.448 1.76, 0.87-3.57 0.113
Systemic therapy before SBRT 1.53, 0.95-2.47 0.079 0.95, 0.60-1.52 0.852 1.98, 0.98-4.03 0.057
N. lines before SBRT 1.14,0.87-1.48 0.319 1.04, 0.79-1.38 0.746 1.20, 0.80-1.78 0.366
Systemic therapy during SBRT 1.78, 1.10-2.88 0.017 1.03,0.61-1.73 0.891 1.74, 0.87-3.47 0.117
Time to SBRT 0.99, 0.98-1.00 0.162 1.00, 0.99-1.00 0.070 0.98, 0.97-1.00 0.132
BEDI10 0.97, 0.97-0.98 0.000 0.98, 0.98-0.99 0.001 0.98, 0.97-0.99 0.012

In bold risk factors with p value <0.05
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Table 3 Multivariable analysis for local control, progression free survival and overall survival
Multivariable analysis Local control Progression free survival Overall survival
HR, 95%ClI p value HR, 95%Cl1 p value HR, 95%CI p value
Age - - - - - -
Sex - - - - - -
Performance status - - - - - -
Histology, non-clear cell vs clear cell 0.46, 0.26-0.80 0.007 0.74, 0.40-1.35 0.337 0.36,0.11-1.17 0.091
Time to metastases — - — — 0.99, 0.97-1.00 0.242
Bone disease 0.95, 0.53-1.69 0.873 1.41,0.83-2.39 0.196 0.83,0.24-2.84 0.773
Lung mets vs other 1.19, 0.58-2.43 0.617 1.31,0.63-2.71 0.461 0.67,0.13-3.38 0.637
Number total metastases 1.16,1.01-1.32 0.032 1.32,1.15-1.51 0.000 1.49,1.12-1.98 0.005
Number treated metastases — — 1.18, 0.94-1.50 0.149 — -
Maximum diameter - - - - 1.03, 1.00-1.06 0.014
Oligorecurrence vs progression 1.48,0.87-2.51 0.142 - - - -
Systemic therapy before SBRT - - - - - -
N. lines before SBRT - - - - - -
Systemic therapy during SBRT 1.61, 0.95-2.72 0.075 - - - -
Time to SBRT - - - - - -
BEDI10 0.98, 0.97-0.99 0.017 0.99, 0.98-1.00 0.172 0.99, 0.97-1.02 0.926
In bold risk factors with p value <0.05
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66.1-80.9) without concomitant treatment, and 80.9%
(95%CI 71.0-87.7), and 77.2% (95%CI 66.1-85.0), and
57.5% (95%CI 40.7-71.1) with concomitant treatment
(p=0.015). PFS rates at 1-, 2- and 3-years were 70.9%
(95%CI 62.6-77.7), 58.1% (95%CI 48.5-66.6), and 51.0%
(95%CI 40.3-60.8) without concomitant treatment, and
75.7% (95%CI 62.4-84.9), 61.1% (95%CI 44.8-73.9), and
47.2% (95%CI 28.5-63.8) with concomitant treatment
(p=0.862). Lastly, OS rates at 1-, 2- and 3-years for SBRT
only vs SBRT + concomitant therapy were 93.5% (95%ClI
87.9-96.5), 87.8% (95%CI 80.4-92.5), and 83.4% (95%CI
74.3-89.5) vs 90.7% (95%CI 78.7-96.1), 82.6% (95%CI
67.3-91.1), and 77.7% (95%CI 59.4-88.5) respectively
(p=0.112).

Pattern of toxicity

Regarding the toxicity in the acute setting (Table S5),
patients reported mostly grade 1 side effects in the form
of pain (8, 3.3%), nausea (5, 2.0%), cough (2, 0.8%), and
dysphagia (1, 0.4%). Grade 2 side effects included pain (4,
1.6%), cough (2, 0.8%), nausea (1, 0.4%), dyspnea (1, 0.4%),
diarrhea (1, 0.4%). No acute grade 3 or higher toxicities
were reported in both OR and OP groups. No statistically
significant correlation between acute toxicity events and site
of SBRT was found for liver (p=0.150), lung (p=0.387),
lymph node (p=0.439) and bone location (p=0.235). In
terms of late effects, patients experienced grade 1 cough
in 2 (0.8%) cases and pain in 2 (0.8%) cases. Grade 2 late
toxicity included pain (2, 0.8%), dysphagia (1, 0.4%), and
lung fibrosis (1, 0.4%). No higher grade of late toxicity was
reported (Table 3). No statistically significant correlation
was found between the onset of grade 2 toxicity and the
use of systemic therapy during SBRT as well, neither in
the acute (p=0.262) nor in the late setting (p=0.432). In
patients treated with concomitant systemic therapy, acute
grade 2 side effects were reported during the administra-
tion of sunitinib (one patient with dyspnea and one with
vomiting), pazopanib (one patient with pain), and tivozanib
(one patient with pain). Sunitinib (one patient, dysphagia)
and Pazopanib (one patient, pain) were administered during
SBRT in patients reporting late grade 2 toxicity. In patients
receiving Nivolumab at time of SBRT, only one case of
grade 1 pain was documented.

Discussion

To the best of our knowledge, this is the largest sample
of oligometastatic kidney cancer treated with metastasis-
directed SBRT. Using this local approach, we achieved
favorable rates of LC, reporting a 2-year rate of 78.3%
(95%CI1 72.5-83.0). Previously, Dengina et al. [22]
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demonstrated an overall response rate of 84% in a group
of 56 patients treated with SBRT, and Wang et al. [23]
analyzed 175 extracranial lesions in 84 patients, showing
a l-year LC rate of 91.2%. In our series, LC was higher
for patients treated on renal cell metastases compared to
other histologies and was improved with the increase of
the delivered dose. The LC rates observed in our study
reflect the variability of dose schedules included in this
large sample. Median BED,, in our cohort was 60 Gy,
ranging from 20 to 262.5 Gy. An important finding in our
series is the identification of a dose-response relationship,
with a highly statistically significant difference in LC as
the BED, increases, which is consistent with the results of
Zelefsky et al. [7], who published an interesting experience
of renal cell metastases undergoing single dose or fraction-
ated SBRT. 3 years after treatment, LC was only 44% for
the whole analyzed group of 105 patients but reached 88%
for those who received the highest single dose of 24 Gy.
Fractionated SBRT was associated with a disappointing
LC probably due to the lower dose range (24 to 30 Gy in 3
to 5 fractions). Hoerner-Rieber et al. [9] analyzed fraction-
ated SBRT for lung metastases from kidney cancer, with
a median BED,, of 117.0 Gy (48.0-189.0). The 3-year
LC rate was 91.9% and even higher, although not signifi-
cant, for lung metastases treated with BED;,> 130 Gy
(p=0.054). Taken together, these observations show a
pronounced dose effect for renal cell carcinoma, a well-
known radioresistant histology according to classic radio-
biologic ranking, thus defying the principles of established
radiobiological paradigm. When stratifying LC according
to the type of oligometastatic setting, we observed only
a trend to significance between dose and LC in the OR
group, while in the OP group a significant correlation was
found for dose, clear cell histology, number of lesions,
and concomitant systemic therapy. These results may sug-
gest that OR patients may represent a more heterogeneous
population (e.g. based on IMDC risk features or burden
of disease) [24], in which prognostic features useful to
guide treatment management are difficult to be detected, if
compared to OP subgroup. A better LC was observed for
OR compared to OP lesions, with a 3-year rate of 76.6 to
64.3%, respectively. Thus, upfront SBRT seems to be the
most suitable treatment strategy in this setting, aiming to
offer a local approach early during clinical history of these
patients. A number of published studies showed that bone
disease is a relevant prognostic factor in kidney cancer
patients [25, 26], likely because it may affect the clini-
cal outcome, also due to the risk of skeletal events. How-
ever, the presence of bone metastases was not confirmed
as an independent predictor of LC or PFS in our analy-
sis. In this context, an adequate local therapy (surgery or
radiotherapy) may counterbalance the negative impact of
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bone disease. Indeed, surgical metastasectomy and SBRT
showed to yield similar outcomes in terms of OS [18].

The risk of new metastases and/or progression of
untreated disease increased consistently with the total num-
ber of metastases, with an HR of 1.32 (p=0.000). The bur-
den of disease as a key factor in the selection of patients
suitable to local treatments has been already highlighted in
other studies in different settings. In a cohort of 418 lymph
node metastases treated with SBRT [27], the volume of
irradiated lesions was found to correlate with the risk of
new nodal metastases. The treatment of patients affected by
solitary metastasis, for example, was revealed as an inde-
pendent prognostic factor for better distant control (HR
0.186, p=0.007) and PFS (HR 0.363, p=0.022) in breast
cancer [28]. While total number of metastases was an inde-
pendent factor for PFS in both groups, bone disease was
found predictive of PES only in OR patients, while treatment
dose only in OP patients. Notably, in our cohort of patients,
among those experiencing new sites of disease progression
after SBRT, 41 (19.8%) received further ablative treatments,
with no differences between the groups (18 in the OR and
23 in the OP group, respectively). Zhang et al. [14] demon-
strated a benefit from SBRT in delaying the onset of sys-
temic therapy in 47 patients with oligometastatic RCC, with
a median freedom from systemic therapy of 15.2 months
(95%CI 8.8-40.1). Moreover, this period was longer in case
of metachronous disease (HR 2.67; p=0.02), solitary metas-
tasis (HR 2.26; p=0.05), and non-bone metastases (HR
2.21; p=0.04). Cheung et al. [29] evaluated prospectively 57
oligoprogressive metastases from kidney cancer treated with
SBRT during TKI, showing a median PFS of 9.3 months and
a median time to change in systemic therapy of 12.6 months.
We observed a median TTNS of 13.9 months for the whole
population, which might be considered a major clinical ben-
efit from SBRT in this setting.

Regarding treatment safety, we acknowledge that the
retrospective collection of side effects from medical report
may potentially underestimate the incidence of mild tox-
icity herein reported. However, we didn’t observe in both
OR and OP groups any grade 3 or higher events, but only
grade 1 and 2 acute or late side effects when SBRT was
administered concomitantly with systemic therapy, namely
Tyrosine kinase inhibitors (TKIs). Also Dengina et al. [22]
assessed the safety of radiotherapy delivered during TKI
and ICI. Among a small sample of 17 patients, the cumula-
tive rate of SBRT-related toxicity was 12%, consisting of
grade 1 esophagitis and skin erythema. No grade 2 or higher
side effects were observed. Kroeze et al. [30] analyzed 53
patients and 128 stereotactic treatments concurrent to tar-
geted therapy or immunotherapy. The 1-year OS, LC and
PFS rates were 71%, 75% and 25%, respectively, and no
grade 4 or 5 toxicity was observed from the combination.

This good pattern of tolerance allows the safe integra-
tion of SBRT with systemic therapy to potentially increase
both local and distant disease control. A window of oppor-
tunity, therefore, could be exploited in RCC patients with
a limited number of detected lesions, who may still benefit
from a local treatment. This strategy is associated with opti-
mal local control rates and may potentially prevent further
disease dissemination. The debate on synergistic action
between SBRT and immunotherapy for renal cell carcinoma
is still unsolved, although some interesting evidences [31]
and ongoing studies support such an approach for a poten-
tially more effective combined therapy. We acknowledge the
limitations of this study, that include the retrospective nature
of the analysis, the possible underestimation of treatment-
related toxicity, and the heterogeneity of the population,
however, we think that the results obtained from this rela-
tively large sample can contribute to the current available
evidence and help in daily clinical practice.

Conclusion

With this large multicenter study, we confirm the efficacy
of SBRT in controlling both OR and OP metastases from
kidney cancer, with a major benefit for clear cell renal cancer
histology. This local treatment is characterized by a favora-
ble pattern of toxicity from both exclusive and combined
approaches. This approach could be included in the treat-
ment strategy both to ablate a limited burden of disease and
to sterilize metastatic clones resistant to on-going systemic
therapy. Prospective trials are needed to clarify the potential
synergistic effect of high-dose radiotherapy with the newest
systemic therapies and to better define selection of patients
who can benefit most.
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