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Target Definition in Radiation Therapy (RT)

• All the TV’s (GTV, CTV, PTV) are statements of 
uncertainty in RT

• Solutions to PTV are becoming available through many 
forms of anatomic based IGRT methods: U/S, MVCT, 
CBCT, MRI, markers,….

• CTV and GTV definitions remain a, if not  the, major 
weak link in the RT process

• What is a Target Volume in the new era of functional and 
molecular imaging?



PET in Radiation Oncology

• PET is a major, but not the only, promising approach to 
target definition
– PUBMED: “PET Radiation Therapy”

• Over 200 publications from 09/05 to present
• Significant number of studies from Europe

• Topics of studies:
– Staging and Management
– Target Definition and Treatment Planning
– Treatment Response Monitoring

• Prognostic evaluation and Adaptive RT
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• 18-FDG most common isotope
• PET/CT is the mainstay

– Single patient visit
– Single patient positioning
– Reduced setup/organ motion

• Registered PET and CT provides 
higher sensitivity and specificity than 
each modality alone.

• PET/CT for RTP :
– Flat bed insert.
– Patient immobilization devices.
– Laser alignment system.

CT FusedPET

PET in Radiation Therapy



Impact on Management

• PET changes stage in 46% 
• PET changes management in 48%
• Superior in monitoring response to therapy
• More sensitive than Gallium 

Schoder et al. J Nucl Med 2001
Spaepin et al J Clin Oncol 2001



FDG-PET for RT tumor definition

GTV changes with FDG-PET

Bradley et al. 2004 n=26 58% altered GTV
Vanuytsel et al. 2000 n=73 62% altered
Munley et al. 1999 n=35 34% altered
Kiffer et al. 1998 n=15 27% altered 

Ciernik et al. 2003 n=39 incr. 20% decr. 20-70%
Erdi et al. 2002 n=11 incr. 50% decr. 50%
Mah et al. 2002 n=30 incr. 30-76% decr. 24-70%



Ciernik IF, Dizendorf E, Baumert BG, Reiner B, Burger C, Davis JB, Lutolf UM, Steinert HC, 
Von Schulthess GK. “Radiation treatment planning wit h an integrated positron emission 
and computer tomography (PET/CT): a feasibility stu dy.” IJROBP 2003 Nov 1;57(3):853-63

Without PET: 26 cc
With PET :        9 cc

Mean difference



Challenge 1: Target Boundary Definitions

• Threshold standard uptake value (SUV) scheme: 
SUV = A(uCi/cc) / [Ainject(mCi) / W(kg)]

• But,
• SUV is a function of 

– Resolution of PET scanner
– Reconstruction algorithm
– Blood glucose level
– Body surface area and weight
– Time interval between injection and scan
– Mean SUV, maximum SUV, SUV_lean,…
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Boundary Definitions based on Phantom Studies

Erdi et al. Cancer, 1997
small spheres (0.4-5.5 cm3): 42%

Ciernik et al. IJROBP, 2003
small shells (3 cm3 equivalent): 50%

Black et al. IJROBP, 2004
spherical lesions (12.2-291 cm3)
SUV: 2-10; 2 background levels
Threshold = 0.307(mean SUV) + 0.585
Larger PET volumes
Require iteration

Uniform Activities and Regular Shapes



29 HNSCC patients (Stage II - IV)

10 Oropharynx 19 Larynx / Hypopharynx

Organ Preservation Protocols
(Conc. boost or conc. RT-ChT)

4 Larynx
6 Hypo

9 Larynx

Total 
Laryngectomy

Target Definition: Need to Validate with “truth”
Daisne et al 2004
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Daisneet al, 2004



Vol.(ml) Mismatchx/CT    Mismatchx/MR Mismatchx/PET      Mismatchx/Macro 

CT               20.8 - 26% 48% 81%

MR              23.8 45% - 67% 107%

FDG            16.3 17% 15% - 47%

Macroscopy 12.6

Daisneet al, 2004

Validation with macroscopy: “gold standard”

• Compared with GTVs at CT and MR imaging, GTVs at 
FDG PET were smaller. 

• In nine patients for whom a surgical specimen was 
available, PET was found to be the most accurate 
modality. 

• No modality managed to depict superficial tumor 
extension. 



Target Definition remains a Challenge

• f (imaging reconstruction parameters, lesion activity, 
background, tumor volume)

• Validation very difficult, if not impossible, to attain in 
other sites, e.g. lung

• Maintain institutional standard (Humm, MSKCC)

• RTOG 0515
– Stage II and III NSCLC patients
– Compare CT versus PET/CT defined radiation 

therapy planning volumes
– Central review of volume contoured by nuclear 

medicine and radiation oncologist



Challenge 2 : Motion

A CT of the thorax is rapid and can be acquired in a fraction of
a breath versus a PET scan acquired over multiple breathes.
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Opportunity: Other Targets

• Increased glucose metabolism: FDG
• Increased Amino acid transport: C11 Methionine
• Increased mitochondria activity 

– C11- / F18-Choline; C11 Acetate
• Increased Protein and membrane synthesis
• Increased DNA synthesis: C11 Thymidine, F18 FLT
• Overexpression of receptors/antigens
• Increased blood flow or vessel density: O15 water
• Decreased oxygen tension in lesions

– F18 Misonidazole, Cu 62 ATSM, F18 EF5



Hypoxic markers / FMISO

Sequential imaging through therapy
Koh et al. IJROBP, 33, 391-8, 1995



Hypoxia Validation (J Hopkins Univ. - MSKCC)

• Rat immobilized
• Same bed for 

imager/robot
• Images uploaded
• Image-guided 

procedures
• e.g. biopsy, virus 

injection, etc
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Clinical study: lung cancer

t

Tumor Hypoxia: Static Imaging

Strong time dependence, i.e., no well-defined size!
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14 min 120 min 240 min

Source: Philips Research Europe, contact: Marc.Busc h@Philips.com

#voxels above 
threshold 
(T:B > 1.4)
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BioGuide: Dynamic Imaging and Kinetic Modeling

Non-invasive 
quantification of tumor 

hypoxia using 4D FMISO 
PET data

T. Paulus, L. Spies, M. Bal, D.-N. 
Peligrad, F. Thiele, M. Reimold, R. 

Bares, F. Paulsen, H.J. Machulla, S.M. 
Eschmann

(SNM 2004)
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Simplification



Kinetic Modeling and Application

• Hypoxia imaging with F-Miso
– SNR = 3:1 for static late time scan

SNR = 6:1 for k3 map
• Germ Cell Tumor, viability after treatment

– Differentiation with FDG rate analysis

(Sugawara et al, Nucl. Med, 2006)

LowerSimilarSimilarK

LowerSimilarSimilarK1

LowLowHighSUV_lean

Necrosis/ScarTeratomaViable TumorPET



FMISO1 FMISO2

Time invariance?

Serial PET Imaging: Management of Hypoxia
(Lee, Schoder, Humm, Nehmah et al)

FDG 
PET/CT 1 day 2-3 days

Rx 3-4 wks

FMISO3 Absence of
focal 
uptake

Reoxygenation
Or imaging of 
dead cells?



Simple radiation delivery (awaits conformal animal irradiator)

RT

Johns Hopkins, Sep 2006

Management of hypoxia: small-animal model
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PET in Radiation Therapy

• FDG-PET has improved management of RT for several sites
• New bio-molecular imaging holds great potentials for further 

improvement
• Still a research topic – validation, kinetic modeling, timing…
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