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INTRODUCTION

Renal Masses Treatment Limitations

Primary renal tumor
(80% clear cell carcinoma)

Total or partial
nephrectomy

• Age and/or 

comorbidities 

• Renal 

insufficiency/single-

kidney

Ablative techniques

(thermal ablation, 

radiofrequency, 
cryoablation, etc.) 

• Size (< 3-4 cm) 

• Location (>1 cm 

from anatomical

structures) 

• Technique

Metastases from

other tumors
(melanoma and other

solid tumors)

Systemic treatment



RADIOTHERAPY

• Palliative or symptomatic control (pain, bleeding, etc.) 

• Is it a radioresistant tumor?  
• Low vs. high doses per fraction  

• Preclinical models: Ablative doses may overcome radioresistance
mechanisms linked to HIF-1α activation, which promotes endothelial cell 
survival.  

SBRT (Stereotactic Body Radiotherapy) 

• High-dose fractions in a limited number of sessions (1-5) 

• Highly conformal dose distribution

• Non-invasive 

• Effective and convenient treatment for tumors:  
• With complex anatomical locations or challenging growth patterns 

(endophytic and/or centrally located in the kidney)  

• Larger than 3-4 cm  

• In elderly patients and/or those with comorbidities 

• In single-kidney patients 

• Provides good local control and high tolerability
Yang et al., 2024



SBRT:

• NCCN Guidelines Version 3.2025, EAU and ESMO: 

“SBRT is considered an ablative therapy and may be considered for non-
optimal surgical candidates with stage I (category 2B), II, or III (both 
category 3) kidney cancer”. 

ASTRO 2024
SBRT Effective Option for Kidney Cancer - NCI, n.d.
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EVIDENCE

1. PRIMARY RENAL TUMOR (RCC)

ASTRO 2024



ASTRO 2024



Phase 2 Trial of Stereotactic Ablative Radiotherapy for Patients with
Primary Renal Cancer (Hannan et al. European Urology 2023): 

Design:
- Prospective trial RCC ≤5 cm mass. 16 patients (2014-2019) 
- 36 Gy/3 or 40 Gy/5 fractions

Outcomes: 
- Median f/u of 3 years 
- 95% LC at 1 year (primary endpoint). By RECIST 100%
- OS at 3 years was 79%

Toxicity:
- No grade ≥2 acute or late toxicity
- eGFR declined from 65.6 to 55.4 mL/min at 1 yr (p0.004).

Other findings:
- Tumor viability decreased from 4.6% to 0.7% at 1 yr (p0.003). 
- Pathologic evidence: hyalinization, necrosis, and reduced tumor 

cellularity. 
- Radiation induced cellular senescence



Final Results from a Prospective Randomized Pilot Trial of Stereotactic Body Radiation Therapy vs. Radiofrequency Ablation for the 
Management of Small Renal Masses (RADSTER) (Abstract only) (Swaminath et al. ASTRO 2023):

Pilot randomized trial Outcomes:

- No radiographic (RECIST) local failure in 1 year for both 
groups

- RFA tumors, more likely lose arterial enhancement

- 1-y post-treatment biopsies (complete response): 

- RFA (7/7) 

- SBRT (4/13)

- No patients developed distant disease or died from RCC

Toxicity:

- Only one grade 2 acute pain flare (SBRT patient)

- No late toxicity in 1 year for both groups

- No difference in mean eGFR reduction 
(RFA: −3 mL/min; SBRT: −5.3 mL/min; p = 0.07)



Stereotactic ablative body radiotherapy for primary kidney cancer (TROG 15.03 
FASTRACK II): a non-randomised phase 2 Trial (Siva et al. Lancet Oncol 2024):

- 70 patients between July 2016 and Feb 2020

- 26 Gy/1fx for tumours ≤4 cm or 42 Gy/3fx for tumours > 4 cm to 10 cm

- Primary endpoint was local control 
(defined as no progression of the primary renal cell cancer - RECIST v.1.1)

RENAL Nephrometry Score
https://www.mdcalc.com/calc/3908/renal-nephrometry-score
• Size (cm)
• Exophytic/endophytic
• Distance to the collecting system
• Location/contact in relation to the renal hilum/vascularization

https://www.mdcalc.com/calc/3908/renal-nephrometry-score
https://www.mdcalc.com/calc/3908/renal-nephrometry-score


Outcomes: 

- Median follow-up was 43 months (IQR 38–60). 

- Local control at 12 months 100% (p<0·0001). 

- Seven (10%) patients had grade 3 treatment-related adverse events.



Patient-reported quality of life following stereotactic body radiation 
therapy for primary kidney cancer - results from a prospective cohort 
study (AQuOS-RCC) (Swaminath et al. Clinical Oncology 2021):

- Multi-institutional prospective trial. 28 patients. 

- 30 - 42 Gy/3.5 fractions. 

- QoL assessment: 

- No significant reduction in any QoL metric was observed 

- A trend to reduce QoL at 1 week, with improvement over time.

Stereotactic Body Radiotherapy for Renal Cell Carcinoma: Oncological

and Renal Function Outcomes (Glicksman et al. Clinical Oncology 2023): 

- Mixed prospective and retrospective institutional database. 74 patients.

- Median follow-up 27.8 m (IQ 17.6-41.7). 

- 1, 2 and 4-y LF was 5.85, 7.77 and 7.77% (significantly associated with 
PTV volume)

- 2-y distant metastasis 4.24%. 

- The median change in global eGFR: -7.0 (IQ -14.5 to -1.0) at 1-y and -
11.5 (-19.5 to -4.0) at 2-y (significantly associated with higher volume 
of uninvolved renal cortex) 

Tumor size and baseline eGFR were associated
with an eGFR decline 

(Tan et al. European Urology Oncology, 2024)



The Emerging Role of Stereotactic Ablative Radiotherapy for Primary 
Renal Cell Carcinoma: A Systematic Review and Meta-Analysis 
(Correa et al, European Urology Focus, 2019): 

- 26 studies (11 prospective trials). 

- 383 tumors in 372 patients

- Median age 70.4 (62–83) years

- Mean tumor size 4.6 (2.3–9.5) cm

- 26 Gy/1 fraction and 40 Gy/5 fractions 

- Median follow-up 28.0 (5.8–79.2) months 

- Local control 97.2% (95% confidence interval [CI]: 93.9–99.5%)

- Grade 3–4 toxicity 1.5% (95% CI: 0–4.3%)

- Post-SABR eGFR change–7.7 ml/min (95% CI: –12.5 to –2.8). 



5-year outcome meta-analysis from IROCK (the 
International Radiosurgery Consortium of the Kidney) 
(Siva et al. Lancet Oncol 2022): 

- 190 patients (2007-2018). 

- Median follow-up was 5 years (IQR 3.4–6.8).

- Local failure 5.5% (95% CI 2.8–9.5). 

- eGFR decreased by 14.2 mL/min (IQR 5.4–22.5). 4% dialysis. 

Dominant pattern of progression

5-y 92% (85,2-95,8) 5-y 63,6% (55,6-70,6)

Siva et al. Lancet Oncol 2022



Results of Stereotactic Body Radiation Therapy for 
Primary Renal Cell Carcinoma in a Large 
Multicenter Series 
(Abancourt et al. European Oncology, 2025): 

• 144 patients (2008-2020). 

• 42 Gy/3fx and 26 Gy/1fx.

• Median f-up of 43 mo (IQR 24.0–81.2). 

• 5-y LC 96% (95% CI, 92–99). 

• The median OS was 58 mo. 

• 5-y cancer-related deaths was 8% (95% CI, 3–15). 

• Toxicity: G-1 (32%), G-2 (14%), G-3 (1%). G-4 
(dialysis -1%). eGFR loss –7 ml/min (IQR, –17; 0).



Comparative efficacy and safety of ablative 
therapies in the management of primary localised
renal cell carcinoma: a systematic review and meta-
analysis (Huang et al. Lancet Oncol 2025): 

• 133 studies and 8910 patients (2000-2024)

• Low rate of grade 3-4 toxicity: 
₋ SBRT 2% (11/612) 

₋ Radiofrequency ablation 2% (39/2503)

₋ Microwave ablation 1% (22/2069) 

₋ Cryoablation 3% (121/3726) 

Multidisciplinary discussions and individualise
treatments. 



Stereotactic body radiotherapy for primary renal cell carcinoma: a systematic review and practice guideline from the 
International Society of Stereotactic Radiosurgery (ISRS)(Siva et al. Lancet Oncol 2024): 

- 36 studies (13 prospective trials) and 822 patients

- Outcomes: 

- Median follow-up was 31,2 months

- Median local control rate was 94,1% (range 70·0–100)

- 5-year progression-free survival was 80,5% (95% CI 72–92)

- 5-year overall survival was 77,2% (95% CI 65–89). 



2. METASTATIC RENAL CELL CARCINOMA (mRCC)

- 20–30% present de novo metastases.

- 12–30% will develop metastases after local treatment (lung, lymph nodes, 
and bone).

- Metastatic patient survival: 15% at 5 years.

- SBRT:

- Local control rates above 80%.

- Low moderate or severe toxicity (0–10%).

- Progression-free survival at 1 year of 60–83%.

- Delay the need to start or change systemic therapies.

Villafuerte and Swaminath. Cancers, 2024
Tan et al. Radiotherapy and Oncology 2024



Study/Author,y Metastasic disease N, inclusion criteria SBRT Median f-u Outcomes Toxicity

RADVAX pase II
(Hammers, 2020)

High metastatic volumen. 25 pt. 
Prior TKI and IL2. 

50Gy/5 fx 56% response rate of non-
irradiated lesions

8% G2 (pneumonitis)

Phase II 
(Tang, 2021)

Metachronous OMD (<5) 30 pt. 
Systemic therapy and 
sequential SBRT

5fx >7Gy/fx
60-70Gy/10fx
52-67.5Gy/15fx

17.5 m 1-y LC 97%
1-y PFS 64%
1-y OS 100%
1-y FF new lesions 67%
1-y Next treatment 82%

2 had grade 3 (back pain
and muscle weakness)
1 had a grade 4 (hyperglycemia)

Phase II (Hannan, 
2022)

Metachronous and 
synchronous OMD (<3)

23 pt. 
Systemic therapy and 
sequential SBRT

20–25 Gy/1fx
36–39 Gy/3 fx
35–40 Gy/5 fx

21.7 m 1-year LC 100%
1-year PFS 82.6%
1-year OS 95.7%
1-y FF next tx 91.3%

one grade 2 
one grade 5 (immune-related
colitis)

RAPPORT 
phase I,II
(Siva, 2022)

OMD (<5) 30 pt. 
SBRT followed by 8C of 
Pembrolizumab

20 Gy/1 fx (77%)
30 Gy/10 fx

28 m 2-y FF local
progression 92%
Disease control 83%
1-2 yr OS 90% and 74%
1-2 yr PFS 60 and 45%

13% grade 3 AEs
(pneumonitis, dyspnea, high
ALK/ALT)

Phase II
(Cheung, 2021)

OPD (<5) 37 pt. 
> 3m on TKI

40Gy/5 fx 1.8 m 1-yr LC rate 93% 
1-yr Next tx 47%
Median PFS 9.3 m
Median time Next tx 12.6 m

No grade 3–5 toxicities

Phase II
(Hannan, 2022)

OPD (<3) 20 pt.
Systemic therapy and 
sequential SBRT 

≥25 Gy/1
≥36 Gy/3
≥40 Gy/5

10.4 m LC 100%
SBRTextended systemic tx
by >6m: 70%
Median PFS 24.4 m
Median time to next 
tx/death 11.1 m

One (5%) had grade 3 toxicity
No grade 4–5 toxicity



Ongoing trials

ASCO 2023



Cytoreductive SBRT in mRCC:

- Cytoreductive nephrectomy and metastasectomy are considered in mRCC.

- Prospective studies on the use of SBRT in a similar manner.

- Advantages:

1. Potentially reduce the number of active cancer cells.

2. Address a possible source of additional metastases.

3. Enhance the immune response → "abscopal effect": reduction in size of 
both target and non-target lesions."

Villafuerte and Swaminath, Cancers 2024.
Dason et al. ASCO EDUCATIONAL BOOK, 2023. 



3. METASTASIS IN THE KIDNEY:

- Rare.

- Current management is based on the extrapolation of SBRT in primary tumors.

- Palliative purposes or definitive therapy in oligometastatic disease.

- Limited toxicities and high local control rates (delay systemic therapy, improve progression-free survival, or 
potentially overall survival).

Verma & Simone, 2017; 

Palma et al., 2020
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Renal SBRT: 

- Consider referral to a high volume center with specialized expertise. 

- T1 tumors (<7 cm in diameter). 

- Biologically effective dose (BED) to >72 - 80 Gy assuming an α/β 10 
in 1–5 fractions on consecutive or non-consecutive days: 

- 26 Gy in 1 fraction 

- 42–48 Gy in 3–4 fractions 

- 40–50 Gy in 5 fractions 

Treatment technique: 

- 4D-CT and fusion with a renal protocol CT and/or renal MRI. 

- Internal target volume (ITV) and/or motion management with 
respiratory gating. 

- Use of daily pretreatment imaging (MRI or cone-beam CT). 

- OAR should be contoured to include a 3-mm planning OAR volume 
(PRV) and to account for motion on 4D-CT. 



Challenges with SBRT:  

‐ Motion management 

‐ Insertion of fiducials (risk of hemorrhage in 
highly vascular tumors)

‐ Tumors that have broad contact with the 
bowel

‐ Response assessment

Recommendations: 

‐ Potential role for MRI-based SABR to 
improve tumor visualization/tracking (real-
time online monitoring)

‐ Adaptive radiation:  improve conformality, 
avoid high dose in OAR

Follow-up:

‐ Late response:

‐ DNA damage: loss of proliferative capacity and 
the progressive development of cell death over 
time → slow reduction in tumor size and -
persistence of enhancement for months or 
even years. It is not dose-dependent.

‐ Slow-growing tumor, so a gradual radiographic 
response to treatment is expected.

‐ "Pseudoprogression" (inflammation and edema 
induced by treatment).

‐ Definition of local control = disease stability.

‐ RECIST criteria.

‐ Future research with MRI and PET (early 
changes in diffusion and perfusion as 
biomarkers).

‐ Biopsy is not recommended in routine 
clinical practice.
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Conclusions: 

1. SBRT is an effective and safe option for patients with inoperable localized RCC.

2. SBRT in the oligometastatic/progressive disease setting provides high local control and can delay 
the need for systemic therapies for approximately 1 year.

3. Novel clinical trials exploring SBRT with systemic therapy hold promising potential for patients 
with mRCC.

4. MRgRT provides high-definition soft-tissue contrast which permits direct visualization of tumors 
and adjacent radiosensitive OAR. 



Thank you. inavarrod@salud.madrid.org


	Diapositiva 1: Tratamiento radioterápico de las masas renales:  ¿es la SBRT un nuevo estándar?  
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33

