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SBRT: Precision radiation beyond the cranium
       Definition & Core concept

• Stereotactic Body Radiation Therapy (SBRT) — also called 
Stereotactic Ablative Radiotherapy (SABR) delivers very high 
doses of radiation to a small, precisely defined target in 
1–5 fractions

• Evolved from intracranial stereotactic radiosurgery (SRS) 
with the goal of achieving ablative tumor control in 
extracranial sites

• Hallmarks:
– sub-mm accuracy with image-guided localization
– Highly conformal planning (IMRT/VMAT, steep dose gradients)
– Motion management and robust immobilization
– Hyperfractionation exploiting high BED (Biologically Effective 

Dose)

Image courtesy of Elekta



How SBRT Began…..
Historical Milestones …… Modern Applications

• 1990s – Sweden & Japan: Blomgren (Karolinska) & Uematsu (Tokyo) pioneer 
body stereotaxis for lung, liver, and spinal lesions

• Early 2000s – Indiana University: Timmerman et al. treat medically inoperable 
Stage I NSCLC with 54 Gy/3 fractions →
– Local control >90%
– Overall survival ~55%, comparable to surgery
– acceptable toxicity when respecting proximity constraints
– → Rapidly became standard of care for inoperable early-stage NSCLC

• Modern applications
– Primary tumors: Early-stage NSCLC, prostate cancer (ultrahypofractionation), pancreas 

(selected cases)
– Oligometastatic disease: Liver, lung, adrenal, bone/spine
– Reirradiation: Salvage therapy where conventional fractionation is unsafe 



Primary Renal Cell Carcinoma



• Non-randomized, multi-center phase II (Australia + one in Netherlands)
• N= 70 pts (bx-confirmed RCC, single lesion) medically inoperable, high surgical risk, or declined surgery 

<10cm, w/o direct contact with bowel
• Goal Assess efficacy (local control) and safety of SABR as definitive, non-surgical therapy for primary RCC in 

inoperable or high-risk patients 
• RT regimens

–  ≤ 4 cm lesion: 26 Gy / 1 fx
– 4 cm - 10 cm: 42 Gy / 3 fx 

• 1 EP local control (freedom from progression at 1 year)
• 2 EP toxicity, OS & CSS, distant failure, renal function changes 
• mFU ~ 43 months Siva, Lancet Onc, 2024



• Toxicities (Gr3) ~10% nausea/vomiting, pain, bowel 
obstruction, diarrhea 

• Renal Function mostly stable; 1 pt required dialysis (pre-
existing poor fct) 

• → Trial demonstrates excellent local control and favorable 
safety profile of SABR for primary RCC in pts who cannot 
undergo surgery

• → Criticism: non-randomized and relatively small; no direct 
comparison to surgery or ablation

• → Patient selection matters strongly, especially regarding 
underlying kidney fct and tumor location

LC @ 12mo 100% 

CSS 100%

Distant Recurrence very low; 
only 2 pts had distant 
recurrence @ 5 yrs in 
extended follow-up



58 y.o. M with Stage I (cT1,cN0,cM0) 4.5cm right 
RCC s/p biopsy, s/p aborted right robotic partial 
nephrectomy
           Plan 42Gy in 3 fx per TROG 15.03

79 y.o. W with Stage I (cT1b,cN0,cM0) 5cm left 
RCC, s/p biopsy, PMH of SBO due to prior 
abdominal surgery adhesions
                 Plan 42Gy in 3 fx per TROG 15.03



Another prospective 
trials (primary RCC)

• UT Southwestern phase II Single center
– N=16  enlarging primary RCC ≤5 cm
– RT regimens

  36 Gy / 3 fx or 40 Gy / 5 fx
– mFU 36mo
– 1EP: 

 radiographic 1-yr LC 94% (15/16) 
100% non-progression by RECIST at 1 yr

– no Gr2+ tox; modest eGFR decline (~10 mL/min at 1 yr)

(Hannan et al., Eur Urol 2023)



Radiosurgery Society Practice Guide

• https://www.practicalradonc.org/article/S1879-8500(24)00156-5/abstract

Barbour, PRO 2025

https://www.practicalradonc.org/article/S1879-8500(24)00156-5/abstract


Oligometastatic Cancer

Courtesy of Dr Chad Tang MDACC  GU retreat 2025



Oligometastatic Renal Cell Carcinoma



 Rini Lancet Onc 2016, set comparison for future trials
• N=48, Ph II , 2008-2013
• mFU 38 mo
• 1EP: time on surveillance (i.e until systemic 

therapy starts

Time on surveillance
Median 14.9 mo 

PFS
Median 9.4 mo 

OS from time of surveillance
Median 44.5 mo 



• N=121, Ph II , 2018-2023
• RCC 1-5 mets
• mFU 38 mo
• co1EP: PFS and systemic therapy free survival
• Threshold for success  > median 24mo systemic 

therapy free survival
• ctDNA used to determine molecular residual disease

systemic therapy free survival median 34mo

PFS median 17.7 mo

Tang, Lancet Onc, 2025

This is the most robust RCC-only, modern dataset 
supporting SBRT in carefully selected patients. 



• Published Ph II
– NIVES (phase II): Nivolumab + SBRT in pre-treated mRCC was safe and produced 

strong in-field responses, but did not improve outcomes over nivolumab alone
– RADVAX-RCC (phase II, non-randomized, early data): Nivolumab/ipilimumab + SBRT 

showed activity and offered feasibility signals

• Ongoing Ph III
– ECOG-ACRIN phase III (TPS489): RCT comparing SABR vs upfront systemic therapy 

for oligometastatic RCC; co-1EP include OS

• Conclusion: for oligometastatic or oligoprogressive RCC, phase II data 
support SBRT for high local control and meaningful delays in systemic 
therapy for select patients (good PS, limited mets, non-brain/bone 
predominance)

 Combination with immunotherapy



Primary Prostate Cancer



Practice-guideline synthesis

AUA/ASTRO/ASCO (2022 update) 

Eastham, journal of urol, 2022



ASTRO 2025: QOL Results from NRG-GU005: Phase III Trial of SBRT vs. 
Hypofractionated IMRT for Localized Intermediate Risk Prostate Cancer



SBRT/Ultrahypofx in IR Prostate Cancer

Name Population Dose/Fx ADT use 1EP Results Conclusion

Scand HYPO-RT-PC (Ph III; 
Widmark et al., Lancet 2019; 10-yr 
update 2024)

89% IR
11% HR
N =1,200

Ultra-hypo:42.7 Gy/7 fx
vs
Conv:78 Gy/39 fx

No ADT Failure-free survival 
(non-inferiority)

Non-inferior FFS at 5 & 10 yrs
similar late GU/GI tox
higher acute GU/GI with ultra-hypo

oncologic non-inferiority of 
very short-course RT in 
IR
safety acceptable

PACE-B (Ph III ; van As et al.; 
acute tox 2019, 5-yr updates 
2023–2024)

8% LR
92% FIR
N=874

SBRT: 36.25 Gy/5 fx 
vs
SOC EBRT:CF/MH (78–80 
Gy/39–40 fx or 62 Gy/20 fx)

No ADT
Biochemical/clinical 
failure (non-
inferiority); safety

SBRT non-inferior for control at 5 yrs; 
acceptable late toxicity; higher transient 
acute GU with SBRT; PROs broadly 
similar.

5-fx SBRT is alternative to 
CF/MH in FIR

NRG-GU005 (Ph III; 2025 interim 
PRO & efficacy reports)

Intermediate-
risk (FIR & UIR)
N=698

SBRT: 36.25 Gy/5 fx 
vs
MH-IMRT:70 Gy/28 fx

ADT per protocol 
standard for UIR 
allowed

Co1EP
DFS and bowel 
QOL (EPIC)

3 yrs: DFS superiority not met (more 
PSA BF in SBRT arm);
bowel QOL favored SBRT(fewer 
declines), ans less urinary incontinence 
at 2 yrs
longer follow-up pending

comparable disease 
control to MH-IMRT 
better bowel (and some 
urinary) PRO
→ supports SBRT as a 
preferred RT schedule 
option

Guidelines (AUA/ASTRO/ASCO 
2022 summary) LR & IR FIR no ADT

UIR ADT (4–6 mo)

clinicians may offer 
ultrahypofractionated EBRT for LR/IR; 
(see ADT guidance)



SBRT/Ultrahypofx in HR Prostate Cancer

Name Design & Setting Population Dose/Fx ADT use 1EP Notes

HYPO-RT-PC (Widmark et al., 
2019; long-term updates) Ph III 89% IR

11% HR

42.7 Gy/7 fx
vs
78 Gy/39 fx (no ENI) 

No ADT

Non-inferior 5-yr failure-free 
survival
late GU/GI similar; 
higher acuteGU/GI with ultra-
hypo

Only randomized evidence 
including some HR pts

PACE-C (Tree et al., early 
toxicity 2025)

Phase III RCT: UIR + limited 
HR

65% IR 
35% HR

SBRT 36.25 Gy/5 fx
vs
MHRT ~60–70 Gy/20–28 fx
(ENI per protocol)

ADT in both arms(per 
protocol)

Early results:similar early 
GI; higher GU grade ≥2 at 2 
yrs with SBRT; oncologic 
endpoints pending.

First RTC designed to test 
SBRT with ADT in HR patients



SBRT in the Post-Prostatectomy Salvage Setting

Study / Year Study type indication SBRT Regimen ADT Use Outcomes Toxicity Notes

Ballas et al., Red J 
2019

Ph I dose-
escalation, N=24

Biochemical 
recurrence post-RP

32.5 Gy / 5 fx → 35.5 
Gy / 5 fx (dose 
escalation)

Optional (~40%) 2-yr bRFS ~73% Grade 3 GU 0%, GI 
0%

First dose-finding 
trial showing 
feasibility and 
tolerability

SBRT-SOPRANO 
(NCT05099414)(on
going)

Phase II multicenter 
RCT

Post-RP, early 
salvage

32.5–35 Gy / 5 fxvs 
standard 66 Gy / 33 fx Per protocol

Ongoing (results 
~2026/2027)



• Ph II extend Trial, 1-5 mets, 87 men with stage 4 prostate cancer
• A planned break in hormone tx occurred 6 months after enrollment, 

after which hormone tx was withheld until progression.
• 1EP PFS
• mFU 22 mo

Tang JAMA Onc 2023
PFS median not reached (combined)
     vs 15.8 mo

• EXTEND trial iADT basket shows benefit of MDT to 
prolong time w/o ADT (hormone holiday) 



2nary endpoint eugonadal (PFS) = time from achieving a eugonadal 
testosterone level (>=150 ng/dL) until progression

Eugonadal PFS median not reached (combined)
     vs 6.1 mo

• Eugonadal PFS significantly improved using 
combination of MDT + hormone therapy vs hormone 
therapy alone



Sherry, Eur Urol 2025 (article in press)
PFS median 47 mo (MDT+cADT)
     vs 22 mo (cADT)

• EXTEND trial cADT
basket MDT shows PFS 
benefit

PFS median 28 mo (MDT+iADT)
     vs 16 mo (iADT)

PFS median 36 mo (MDT+ADT)
     vs 17 mo (ADT)

• Ph II extend Trial, 1-5 mets, 174 men with stage 4 
prostate cancer, 2018-2022

• included a subset of patients with castration-resistant 
disease

• 2 independent powered baskets: cADT and iADT
• 1EP PFS
• mFU 42 mo for combined analysis



Novel outcome: castration resistance–free survival (CRFS)

• in patients with hormone-sensitive disease, MDT + ADT was associated with 
superior CRFS – a novel discovery

CRFS HR 0.40 p=0.01



Significance

• Level II RCT evidence (STOMP, ORIOLE): MDT/SBRT delays progression and 
defers ADT in metachronous castration-sensitive oligo-recurrence, with low toxicity

• Level II RCT evidence (EXTEND): When systemic therapy is indicated (intermittent or 
continuous), adding MDT extends PFS (and eugonadal PFS with iADT)

• Imaging is important: outcomes are best when all PSMA-avid sites are ablated (per 
ORIOLE consolidation analysis) 



Conclusion
• SBRT is now standard for localized prostate cancer
• → Multiple Ph III trials (PACE-B, HYPO-RT-PC, NRG-GU005)
• Metastasis-Directed Therapy (MDT) improves PFS in oligometastatic prostate 

cancer
• → ORIOLE, STOMP show delayed systemic therapy and improved PFS
• → EXTEND shows that adding MDT to ADT improves PFS
• Primary RCC
• → SBRT as an ablative alternative for inoperable or high-risk surgical candidates 

(FASTRACK II)
• Oligometastatic RCC 
• → Tang et al showed that MDT w/o systemic therapy yields median systemic 

therapy free survival of ≈34 mo



QUESTIONS



Salvage SBRT for Local Recurrence After Prior EBRT — 
Key Prospective & Systematic Evidence

Study / Year Design & N Setting SBRT Regimen ADT Use Outcomes Toxicity Notes

Ekanger et al., JCO 2024 Prospective single-arm, 
n≈100

Biopsy-proven local 
recurrence post-EBRT

Focal re-irradiation 
(mostly 30–36.25 Gy / 5 fx) Optional (∼30–40%) 7-yr bRFS ~60%, local 

control >85%
Late grade ≥3 GU ~3–5%, 
GI ~2%

Longest follow-up 
prospective series; supports 
durable control with focal 
SBRT.

Patel et al., Red J 2023–
2024 Phase I dose-escalation Post-EBRT focal recurrence 32.5–40 Gy / 5 

fx (escalation) Optional
Early bRFS >70% at 2 yrs; 
defines MTD ~36–37.5 Gy / 
5 fx

No dose-limiting toxicity; 
mostly grade 1–2 GU

First prospective dose-
finding trial defining safe 
SBRT doses after EBRT.

MRgRT Salvage Registry 
2025 Prospective registry Local recurrence post-

EBRT
Adaptive MR-guided SBRT 
(commonly 30–35 Gy / 5 fx) Optional Biochemical control ~65% 

at 3 yrs; LC ~90% Grade ≥3 GU <3%, GI <2% Confirms feasibility and 
safety with adaptive SBRT.

MASTER Meta-analysis, 
Eur Urol 2021

Systematic review / meta-
analysis, 39 studies

Local recurrence after 
EBRT

SBRT / focal EBRT cohorts 
included Mixed Pooled 2- to 3-yr bRFS 

~55–70%; LC ~80–90%
Grade ≥3 GU 3–5%, GI 1–
3%

SBRT outcomes 
comparable to 
brachytherapy, cryo, HIFU, 
with lower morbidity.

Multi-institution series 
(2019–2023) Retrospective, multi-center Local recurrence post-

EBRT 30–36.25 Gy / 5 fx (focal) Mixed bRFS ~50–70% at 3 yrs; LC 
>85% Grade ≥3 GU ≤5%, GI ≤3%

Largest datasets mirror 
prospective results; focal 
SBRT clearly feasible.
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SCINTIX THERAPY TRANSFORMS TUMORS INTO CONTINUOUSLY IDENTIFIABLE TARGETS 

BY USING INJECTED RADIOPHARMACEUTICALS TO LIGHT UP CANCER

Positron emissions generated by the 
radiopharmaceutical accumulate in 

tumors

1

The X1 adjusts to continuous emissions 100 
times/sec during treatment to 

autonomously deliver radiotherapy

4

Algorithms use these emissions to 
maintain a continuous lock on tumors 

regardless of motion

3

RefleXion X1 machine detects the 
emissions from all tumors

2
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MACHINE COMPONENTS

REFLEXION X1 RADIOTHERAPY MACHINE: LINAC, PET, KVCT ON A ROTATING GANTRY

16-slice fan 
beam kVCT

60 RPM 
gantry

90° PET 
    detector arcs

Compact linear 
accelerator

MV X-ray detector
6 DOF couch

100Hz 
binary MLC
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SCINTIX THERAPY IMPROVES THERAPEUTIC RATIO 
COMPARED TO SBRT

ADVANTAGES OF SCINTIX THERAPY

• Delivers a tracked-dose to achieve 
a high therapeutic ratio

• Reduces the PTV and moves the 
dose with the motion of the target

• Ensures coverage by concentrating 
the dose on a moving target

• Improves therapeutic ratio 
compared to conventional RT and 
SBRT



35Image courtesy of Stanford Healthcare

ULTRACENTRAL LUNG TUMORS DEMONSTRATE 
INCREASING CONFIDENCE BY USERS

SCINTIX therapy safely delivered to an ultracental lung tumor within 
2 cm of main bronchus/carina

CLINICAL CASE
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REFLEXION'S PET TRACER PROGRAMS ENCOMPASS 
NOVEL RADIOTRACERS

18F-Fluciclovine

18F-FLT

18F-PSMA 18F-FMISO

18F-FSPG

18F-FES Ga68-DOTATATE • FDG is a well validated baseline

• Non-FDG tracers enable BgRT clinical applications in 
which FDG performs poorly (e.g., prostate cancer, liver 
metastases)

• PET tracer serves as 
• Biological fiducial for real-time treatment guidance
• Biology sensor for treatment selection and/or 

response assessment

• Collect on-treatment imaging data for radiomics analyses

PET IMAGING AGENTS

18F-NaF

18F-FES

68Ga-FAP68Ga-PSMA-11
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