
IMAGING FOR 
EXTRACRANIAL SBRT

Dott.  Salvatore Alessio Angileri



HISTORY

Transl Lung Cancer Res 2019;8(1):24-31 

Lars Leksell developed the concept of stereotactic 
radiation therapy to deliver precise radiation doses to 
the brain in the 1940s.

1940s

In 1975, at the Karolinska Hospital in Stockholm, 
investigators used stereotactic radiation therapy to treat 
brain metastases as an alternative to surgery.

1975

in 2010, Timmerman helped establish SBRT as the new 
standard of care for inoperable patients with node-
negative early- stage NSCLC cT1-2N0 

2010



• Acquisition of planning images in the treatment 
position. 

• Delineation of target volumes and normal organs at 
risk (OARs), after transferring CT/MRI images to the 
RT treatment planning system;

• Verification of patient and tumor position, with 
orthogonal radiographs or cone-beam CT;

• Beginning of treatment.

PROCESS OF SBRT

Yeungnam Univ J Med. 2019 Sep; 36(3): 192–200.
Rep Pract Oncol Radiother. 2013 Nov; 18(6): 387–396.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6784649/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3863325/


The goal of SBRT is to accurately target the tumor and deliver sufficient dose to
achieve local control while minimizing the dose to highly sensitive surrounding
organs at risk (OARs), with particular attention to immobilization of patients, precise
target localization and tumor motion management.

MOTION MANAGEMENT IMAGE GUIDANCE MODALITIES

STRATEGIES TO OPTIMIZE SBRT
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1. MOTION MANAGEMENT STRATEGIES

• Breath-hold CT

• Slow CT

• Four dimensional CT scanning (4DCT)

• Respiratory gating

• Active breathing control

• Abdominal compression, “dampering”

• Tumor tracking

• By fluorocopic guidance;

• By integration of MRI devices into RT machine;

STRATEGIES TO OPTIMIZE SBRT
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2. IMAGE GUIDANCE STRATEGIES

• CBCT

• As guidance during treatment;

• Provides volumetric imaging;

• Permits patients setup and correction of positional errors
based on an assessment of 3D soft tissue anatomy
compared to the planning scan.

• Limitations: helical scattering and longer acquisition time

• 4D CBCT

• MRI

• As modality for pre-treatment acquisition;

• As guidance during treatment;

• Utility of ADC values on post-treatment MRI to predict
local recurrence.

• Better soft tissue contrast, lack of radiations;

• Limitations: motion and susceptibility artifacts;

STRATEGIES TO OPTIMIZE SBRT
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• In medically inoperable patients due to excellent disease control rates;

• In operable patients, as alternative to surgical resection;

• in patients with oligometastatic disease as excellently effective treatment for small lesions.
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INDICATIONS OF SBRT



1. LIVER

2. PANCREAS 

3. SPINE

4. HEAD AND NECK

5. PROSTATE

6. PELVIS

7. LUNG

EXTRACRANIAL  TARGETs OF SBRT



1. LIVER

• To Child Pugh A or B7 patients, to avoid radiation induces liver disease (RIDL)

• As a bridge therapy, to prevent tumor progression while waiting for transplantation or to downstage tumors into the Milano 
criteria, not increasing surgical complication;

• In advanced HCC

• To restore the portal flow to facilitate subsequent treatment;

• Increasing the clinical outcomes when combined with TACE for large HCC

• In combination with systemic therapies, due to frequent intrahepatic or extrahepatic

recurrences after SBRT. 

Rep Pract Oncol Radiother. 2013 Nov; 18(6): 387–396
Yeungnam Univ J Med. 2019 Sep; 36(3): 192–200
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EXTRACRANIAL APPLICATION OF SBRT
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2. PANCREAS

• Local advanced cancer without mestasis;

• Combination with chemiotherapy for systemic control.

Rep Pract Oncol Radiother. 2013 Nov; 18(6): 387–396.
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3. SPINE

• Prevalently In metastatic disease.

4. HEAD AND NECK

• For recurrence of tumors firstly treated with radiation therapy, 
not suitable for conventional RT or surgical salvage;

• In selective cases due to development of late toxicity.

EXTRACRANIAL APPLICATION OF SBRT



5. PROSTATE

• All patients are elegible; 

• Comparable to surgery in most localized tumors.

6. PELVIC REIRRADIATION

• For recurrence of tumors firstly treated with radiation therapy, not suitable for conventional
RT or surgery;

• For lateral recurrence or proximity of the iliac vessels.

Rep Pract Oncol Radiother. 2013 Nov; 18(6): 387–396.
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7. LUNG

RadioGraphics 2018; 38:1312–1336 55 

EXTRACRANIAL APPLICATION OF SBRT



POST RADIATION LUNG CHANGES: SBRT VS Conventional RT
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POST RADIATION LUNG CHANGES AFTER SBRT
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• Distant
• The most common form of treatment failure after SBRT for early-stage NSCLC;
• Rate of 20%, similar to surgical;
• Diagnosis based on evidence of new disease at remote sites (bone, adrenal gland, liver, intra or 

extrathoracic lymphnodes).

• Regional
• Recurrence within local hilar and mediastinal lymphnodes, without recurrence in the treated field.

• Local
• Recurrence in the treated neoplasm, adjacent to it, within the treatment fild or within the same lobe of 

the lung;
• Generally within 3 years after treatment;
• Predisponding factors: larger initial tumor volume, a squamous histologic subtype;
• PET/CT findings showing residual FDG uptake with a maximum standardized uptake value (SUVmax) of 5 

or greater at 12 weeks after SBRT are also predictive of poorer local control 

RECURRENCE AFTER LUNG SBRT
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REGIONAL RECURRENCE AFTER SBRT

PET/CTAXIAL CT 6 MONTHS AFTER SBRT 

RadioGraphics 2018; 38:1312–1336 55 



• Distant
• The most common form of treatment failure after SBRT for early-stage NSCLC;
• Rate of 20%, similar to surgical;
• Diagnosis based on evidence of new disease at remote sites (bone, adrenal gland, liver, intra or 

extrathoracic lymphnodes).

• Regional
• Recurrence within local hilar and mediastinal lymphnodes, without recurrence in the treated field.

• Local
• Recurrence in the treated neoplasm, adjacent to it, within the treatment fild or within the same lobe of 

the lung;
• Generally within 3 years after treatment;
• Predisponding factors: larger initial tumor volume, a squamous histologic subtype;
• PET/CT findings showing residual FDG uptake with a maximum standardized uptake value (SUVmax) of 5 

or greater at 12 weeks after SBRT are also predictive of poorer local control 

RECURRENCE AFTER LUNG SBRT

RadioGraphics 2018; 38:1312–1336 55 



POST RADIATION LUNG CHANGES VS LOCAL RECURRENCE AFTER SBRT
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POST RADIATION LUNG CHANGES VS LOCAL RECURRENCE AFTER SBRT

8 months after SBRT 12 months after SBRT PET/CT
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• In oligometastatic disease, with curative intent;

• In oligoprogressive NSCLC;

• In treating stage I node negative small cell cancer, that manifests as a 
nodule, in patients not suitable or refusing surgery.

LUNG SBRT – OTHER APPLICATIONS



1. CT Texture Analysis

• To early detect local recurrent disease;

• To detect and quantify radiation injury in the lung

• To differentiate them before it is possible to human 
eyes.

2. New PET/TC isotopes or PET/MRI

3. MRI 

• 3-6 months absolute ADC values after SBRT are lower in 
lesions that show subsequent recurrence.
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FUTURE DIRECTIONS


