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Oncology Imaging

Clinical Applications of PET and PETCT

• Characterization of radiographic abnormalities

• Detection of radiographically occult lesions

• Staging – initial evaluation of the extent of disease

• Restaging - evaluation of the extent of recurrent 
disease (resectability)

• Evaluation of response to therapy

PETCT  Imaging Radiation therapy applications & impact

Radiation therapy plays an essential role in the interdisciplinary

management of patients with malignancies

� accurate tumor staging is critical to determine appropriate treatment 
strategy, patients may not receive invasive surgical staging

� curative radiation therapy requires

� absence of distant metastases

� locoregional lymph node metastases, if present, must be included
in the radiation field

� optimized target volume & dose are critical when RT is main 
strategy for local or regional tumor control

� RT will be futile if all tumors are not included within the high-dose 
volume
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49 y/o man with new lung cancer

PET findings: avid uptake in primary tumor, 
focal area of uptake in retroperitoneum

Confirmed mass behind psoas muscle on 
contrast CT

G. Segall, MD VA Palo Alto 

74 year old man with adenocarcinoma 2/01*, treated with 6 
cycles of chemotherapy + XRT completed 11/01, CT 2/26/02 
showed 50% decrease in size, plus radiation changes* 

4/21/01 6/6/023/8/02

Evaluating Response to Therapy

Lung Cancer
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Monitoring therapy response

PETCT  imaging Radiation therapy applications & impact

Conventional anatomic imaging limitations

� require a structural or morphologic change

� inability to identify disease in “normal” size lymph nodes 

� evaluate a limited field of view, not entire body

Dramatic advances in delivery of RT

� integration of powerful computer planning & control systems

� advances in linear accelerator design (multileaf beam collimators & on-
line portal imaging systems, 3D conformal radiotherapy & intensity-
modulated radiotherapy)

� allows more accurate placement of high radiation doses in the target 
volume while sparing normal tissues

� high resolution imaging is needed to define the precise initial boundaries 
of the tumor and to ensure that it remains within the portals during 
treatment
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Radiation Therapy

Definition:  the use of ionizing radiation to treat disease

� Radiation damages healthy tissue, as well as diseased tissue –
healthy tissue is just more likely to repair

Goal of treatment: Therapeutic Ratio must be maximized

Therapeutic Ratio = [target cell kill] / [normal cell kill]

Radiation Therapy

Prophylactic radiation therapy 

• For some types of cancer, radiation may be given to areas that do 
not have evidence of cancer. This is done to prevent cancer cells 
from growing in the area receiving the radiation.

Palliative radiation therapy 

• given to help reduce symptoms such as pain from cancer that has
spread to the bones or other parts of the body

• without curative intent
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Maximize Therapeutic Ratio

Precise location of the target is required

� primary tumor

� microscopic disease spread

� cover likely routes of spread

Precise location of healthy, critical tissue is required

� heart

� rectum

� spinal cord

� other radiation sensitive tissue in FOV

Maximize Therapeutic Ratio

Determine precise density of tissues

� radiation interaction with tissue and dose deposition depends 
strongly on tissue density

� density of tissues vary widely within the body and vary from patient 
to patient

Position radiation beams and sources to maximize therapeutic ratio
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Two approaches to Radiation Therapy
Virtual Simulation (SIM) used in both applications

Teletherapy: source of radiation is external to the body

� machines direct beams of radiation (linacs, etc)

Brachytherapy: source of radiation is placed close to the target, 
usually inside the body

� radioactive seed implants (prostate cancer)

� HDR (catheters are placed, sources delivered for specific dwell
time)

� GliaSite (balloon catheter w/I125 solution x 3-7 days, brain tumor 
post op cavity radiation, breast cancer post wedge resection)

Radiation Treatment Planning – basic information required

Nature of disease

� cell type

� typical metastatic patterns

Location of disease in body

� Stage

Lab tests, CT, PETCT, NM, MRI, etc

� suitability of the patient for treatment

Acquisition of specific anatomic studies for treatment planning: CT, MRI, &

PETCT, becoming more prevalent NSCL, H&N, Gyn malignancies
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Where is the tumor?
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Where do you draw the radiation port?
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Where do you draw the radiation port?

Radiation Treatment Planning

� Determination of course of treatment, dose, etc

� Delineation of target volumes

� Delineation of critical structures (avoidance)

� Placement of radiation sources to deliver treatment

� Calculation of delivered doses, review of dose distribution

� Preparation for first treatment
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Radiation Treatment Workflow

Simulation         Analysis        RT Planning Dose  Delivery

� Determines best 
arrangement of 
radiation beams

� Precise positioning 

� Tumor evaluation and 
contouring

� Export RT structure set 
to radiation treatment 
planning system

� Final contouring
� Dose calculation
� Therapy plan

� Same RTP pallet and 
positioning devises used

� Plan verification
� Delivery of dose to tumor

Radiation Treatment Session

� Place the patient on the treatment 
table or immobilization device

• Carefully align the patient to the Tx 
machine reference (~ 1 mm) -
isocenter

• Position the radiation source (gantry)

• Prepare the treatment machine

• Deliver the treatment

• Typical course of treatment is 20 to 
40 daily treatments
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Why do they simulate?

Simulation is required when consequences of error are 
unacceptable

Goal in RTP is to maximize therapeutic ratio

� can’t use treatment beams to simulate and plan treatment
� need to gather specific patient anatomic information using low dose, 
low energy imaging modalities

Critical Components of Simulation

Establish patient treatment position during simulation

Skin marking – to insure reproducibility

Accurate anatomical information

� Location of pathology

� Relationship to normal structures

� Physical properties of anatomic structures (density)

Imaging equipment must be able to duplicate the geometrical,

mechanical and optical features of the radiation treatment unit

� Increased trend to incorporate CT within therapy device and reimage 
the patient prior to each RT session (IGRT)
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2-D Simulation- “The way they used to do it”

Position, skin marking satisfied, no internal anato my info

Radiograph taken at treatment beam angle

Radiation oncologist defines treatment beam apertur e

CT & Radiation Therapy

� CT Scanners revolutionized 
treatment planning

� Enabled 3-D treatment planning

� CT SIM – patient is on the 
scanner table during imaging and 
simulation

� Virtual SIM – patient is 
discharged immediately following 
imaging session, SIM is performed 
on the computer
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CT (Virtual) - Simulation

Requires combination of:

� CT Scanner

� CT-Simulation Workstation, use the CT data to create 3D model of 
patient / tumor

Hounsfeld Unit to Tissue Density Conversion
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Patient positioning

Comfortable as possible

Reproducible

Customized immobilization devices

� Support patient, parts of patient’s body

� Fixes relative positions of patient’s anatomy

� Facilitates reproducing patient’s treatment from day to day

� positioning accuracy within 1 mm of isocenter

� May provide some degree of comfort

Modifications Required for CT and PETCT Simulation

Normal 
scanning bed 
replaced with 
flat pallet
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Restraining and positioning aids

Immobilization

� Patient immobilized in treatment 
position using radiation oncology 
devices

� Can be a simple immobilization 
device 

� Depending on the type of radiation 
treatment, the radiation therapist 
may make body molds or other 
devices to keep the patient from 
moving during treatment. These 
are usually made from foam, 
plastic, or plaster.

Vac-Lok™ bag
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Tattooing

� The areas to receive 
radiation are marked 

� Marking tools 
including India ink or 
radio-opaque BBs

� Body marks used to 
align patient during 
treatment process

Transfer data to RTP planning system

� Data analyzed
� Tumor evaluation and contouring
� Export RT structure set to RTP Planning system
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� ROI generated on lesions using 
PET•CT fused images are 
exported as RT structure sets to 
RT planning systems

� Improved accuracy of GTV and 
PTV based on combined 
metabolic and anatomic imaging

� Delineation of necrotic areas for 
modification of RT field

Exporting PET based structures to RT planning systems

Integration with 
treatment planning 
systems

Data courtesy of Maastro Clinic, Maastricht/Netherlands

Transfer data to RTP planning system
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3-D Reconstruction

3-D reconstruction of CT study set

Physician delineates target volume on 
each slice

Dosimetrists delineate critical structures 
for avoidance

Position Radiation Beams

Most CT-Sim software automatically:

� Centers beams on targets

� Conforms radiation field to target 
shape

� Applies user-determined margins 
around target
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3-D Rendering and Dose Distribution

3-D Visualization of Beam Arrangement
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3-D Visualization of Beam Arrangement

Verifies the location of treatment beams with respe ct to anatomy

Quality Assurance

Accuracy is extremely important

� must not miss target

� ensure accurate dose delivery, minimize 
radiation to critical tissues

QC Performed

� Geometric accuracy in x, y, z axes

� CT3/density relation constancy

� Artifacts

� Laser registration to CT unit/spatial 
accuracy

� Dicom transfer accurate
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Fusion of CT with MR or PET Study Sets

� In all treatment planning systems dose calculations are carried out using 
CT study sets (high geometric accuracy and tissue density critical 
component in determining amount of “dose”)

� MRI is superior in describing soft tissue differences

� PET is superior in evaluating physiologic processes

� Combining PET and/or MRI with CT SIM data allows better definition of 
target volumes

CT SIM with MRI – Brain tumor 
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MRI – CT SIM Fusion w/ MRI derived volumes

MRI data used to define RT structure sets which are exported
and fused with CT SIM

IMRT:Intensity Modulated RadiationTherapy

IGRT: Image Guided Radiation Therapy
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Intensity Modulated RTP

In the Planning Process:

� structures and organs at risk are contoured

� dose requirements and limits are assigned to each structure

� beams are positioned around the targets

� computer determines best beam confluence map to achieve 
dose requirements

Structures, organs at risk are contoured
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Dose requirements and limits are assigned to each structure

Target: 

� >95 % of target volume receives 7000 cGy

� <5% of target volume receives more than 7200 cGy

� Max dose =7400 cGy

Parotid:

� <50% of parotid receives more than 2600 cGy

Spinal Cord:

� Maximum dose less than 4500 cGy

Beams are positioned around the targets
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Computer determines best beam confluence map to ach ieve dose 
requirements

This treatment planning system 
“breaks” the field into 5mm x 
5mm “beamlets”

Highly Conformal Dose Distributions
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Very complex dose distributions can be shaped with extraordinar y
precision.

“we can create a dose distribution in 
the shape of your coffee cup without 
irradiating the coffee inside”

� John Bayouth, PhD

Image Guided Radiotherapy

On Board Imaging

� Diagnostic quality imaging system 
attached to lineac

� Ability to perform CT scan on patient 
immediately prior to treatment

� Make position changes based on CT 
scan

� Respiratory-Gated Treatment
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Holden Comprehensive Cancer Center, University of I owa – image guided 

radiotherapy – John Buatti, MD, John Bauoth, PhD

NIH Center of Excellence

High resolution imaging with intensity-modulated radiation therapy

improves disease control while reducing damage to normal tissues:

� radiosurgery for trigeminal neuralgia – pain relief achieved by delivering 
90 Gy of radiation to the trigeminal nerve at the point it branches off from 
the brain stem – requires submillimeter positioning and accuracy

� improved overall control rate for meningioma to 95-98% with little 
collateral damage

� increase the dose to a prostate tumor to 90 Gy, yet create less rectal 
toxicity than seen with traditional external beam protocols delivering 
much lower radiation doses

Holden Comprehensive Cancer Center, University of I owa – image 
guided radiotherapy – John Buatti, MD, John Bauoth, PhD

“It may seem counterintuitive that you can shrink the field and improve the

outcome, but it is true.  Small fields with more accurate delivery has been

our experience.” Buatti

� believes that the future of treatment planning clearly lies with molecular 
imaging (MR spectroscopy and PETCT)

� new techniques may allow better identification of the extent of disease 
significantly reducing the uncertainty in radiation therapy
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PET imaging Radiation therapy applications & impact

Functional imaging with FDG PET or other novel tracers

� improves accuracy of oncology staging

� allows more appropriate patient selection for RTT

� fusion of PET & CT provides superior definition of the primary GTV, of 
extent of nodal involvement & of distant metastases

� may be used to design more conformal radiation dose distributions 
based on functional tumor volumes

� may ensure better dose delivery to gross tumor volume while avoiding 
critical normal tissues

Radiation treatment planning in NSCLC using PET

Prospective study – 11 patients

Immobilized in treatment position, CT simulation performed followed by 
PET (same body cast)

PTV, GTV & normal organs delineated w/ CT data

CT & PET images registered - “fused” in treatment planning system

PTV modified with fused PET•CT data set

Results:  

7/11 had increase in PTV ~ of 19% to include distant nodal disease

4/11 had decrease in PTV ~ of 18% , exclusion of atelectasis & trimming 
to avoid delivering higher doses to cord & heart

Source: MSKCC, Erdi et al. Radiother Oncol 2002 Jan: 62(1):51-60
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Conclusions:

� PET data improves definition 
of primary lesion by including 
positive lymph nodes in PTV

� PET reduces likelihood of 
geographic misses with 
improved chance of local 
control

Source: MSKCC, Erdi, et al. Radiother Oncol 2002 Jan: 62(1):51-60

Radiation treatment planning in NSCLC using PET

Head & neck cancer
Value of adding PET to conventional imaging in RTP

Prospective trial evaluated 34 patients with head and neck tumors who 
received FDG PET prior to RTP

Correct diagnosis of lymph node spread is difficult with conventional 
imaging

� FDG PET detected additional disease in 9/22 patients with primary 
tumors & 7/12 patients with recurrent disease – impact in 16/34 = 47%

� In all patients, changes of treatment strategy or target volume were 
required

Source: Rahn, et al. Frankfurt; Strahlenther Onkol 1998 Jul; 174(7): 358-64
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Impact of whole body FDG PET on staging & 
managing patients for RTx

Dizendorf, et al University of Zurich 

202 consecutive patients intended for RRT – variety of malignant tumors

Radiation oncologists determined clinical stage of each patient’s tumor, 
proposed & documented initial management plan based on conventional 
imaging, surgical staging, clinical findings

Lymph nodes were considered positive if > 1cm 

FDG PET scans were performed in all patients

All patients were assigned a post-PET tumor stage, discrepancies were 
biopsied or confirmed by additional imaging modalities

Radiation oncologists compared pre-PET and post PET tumor stages & 
determined changes in patient management

Source: Dizendorf et al, J Nucl Med January 2003; 44(1):24-28

27%55202TOTAL

0%017Other tumors

50%12Melanoma

75%34Unknown primary

22%418GI tumors

21%524Lymphoma

31%826Lung CA

25%728Breast CA

32%928GYN tumors

33%1855Head & Neck

Patients with treatment changePatients (N)Diagnosis

Impact of whole body FDG PET on staging & 
managing patients for RTx

Source: Dizendorf et al, J Nucl Med January 2003; 44(1):24-28
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2%4Palliative care only

5%

5%

1%

1%

1%

2%

7%

1%

5%

73%

8Change to palliative chemo

9Change to palliative RRT

1No RX- no tumor, no mets

2Curative surgery, no RT

1Curative chemo +

4Dose decreased

12Dose increased

2Volume decreased

8Volume increased

131No change

Changes s/p PET Rx strategy after PET

Curative radiation 
therapy: 179 patients

27% change in patient 
mgmt with PET

Changes in patient management

Source: Dizendorf et al, J Nucl Med January 2003; 44(1):24-28

13%3Palliative care only

4%

9%

9%

70%

1Dose decreased

2Dose increased

2Volume increased

16No change

Changes s/p PET Rx strategy after PET

Palliative radiation therapy: 23 patients
30% change in patient management with PET

Changes in patient management

Source: Dizendorf et al, J Nucl Med January 2003; 44(1):24-28
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Why PET•CT for RTP?

Change in GTV >25%
PET•CT vs. CT

� In 56% of cases, GTV was 
changed significantly if 
information from PET•CT was 
used in radiation treatment 
planning process (39 patients)

� Modification in GTV altered PTV 
(by > 20%) in 46% of cases

� PET•CT revealed distant mets in 
16% of cases changing treatment 
from curative to palliative

19%33%Pelvis

67%17%Lung

33%17%Head and 
Neck

Decrease 
GTV

Increase 
GTV

Ciernik, Dizendorf, et al, RTP w/ Integrated PET/CT.  Int J. Rad Onc Biol Phys 2003; 57(1):853

Patient with T4 N2 M0, stage IIIB NSCLC
2 primary lesions, RLL (c), w/adenopathy in subcari nal (a) & right paratracheal regions 

(b).  LN involvement confirmed with PET.

PET & CT SIM coregistered with aid of fiducial marke rs (a).

Beam arrangement modified to cover biologic target volume.
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History: A 72 year old patient 
was diagnosed with 
adenocarcinoma of the rectum. 
The patient was referred for 
preoperative chemotherapy 
and radiation. CT showed no 
hepatic mets and no nodal 
involvement. The patient 
received PET•CT simulation for 
treatment planning.

Findings: The PET•CT scan 
revealed increased FDG 
uptake in a node at the distal 
common iliac chain and 
radiation fields were adjusted 
accordingly.

Source: Images courtesy of Dwelvin Simmons, MD, Integrated Community Oncology Network, Jacksonville, FL 

Case study: radiation treatment planning

Patient with T2 N3 M0, stage IIIB NSCLC
Cervical adenopathy  was not appreciated on CT of t horax, detected with PET. Biologic 

target volume includes RUL lesion (a,c), modified t o include ipsilateral cervical 

adenopathy (b,d).
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Summary

Over a broad range of clinical indications PET results altered the patients’
management in 55/202 patients (27%)

Additional new lymph node metastases were found in 50 cases (25%)

Additional unsuspected distant metastases were found in 24 cases (12%)

Highest rate of recurrent or residual tumor & LN metastases was found in head 
and neck cancers

Highest rate of distant metastases was found in GI tumors

Highest rate of change in radiation volume was found in malignant lymphomas

Impact of whole body FDG PET on staging & 
managing patients for RTx

Source: Dizendorf et al, J Nucl Med January 2003; 44(1):24-28

� Biological information from PET improves ability to define target 
volumes 

� Fusion of PET and CT SIM provides superior definition of Gross 
Tumor Volume (GTV) and the Planning Target Volume (PTV) 
compared to CT alone

� Functional imaging may be used to design more conformal radiation 
dose distribution based on functional tumor volumes or Biological 
Target Volume (BTV)

� Incorporation of functional imaging may allow delivery of higher
radiation doses to the tumor while avoiding critical normal tissue

� Advanced imaging technology helps optimize the advantages of 
advanced radiation technologies such as IMRT, IGRT, etc.

Radiation therapy applications & impact of PET•CT imaging

Source: Ciernik, Dizendorf, et al, RTP w/ Integrated PET/CT.  Int J. Rad Onc Biol Phys 2003; 57(1):853
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NSCLC Staging with PET impact on radical RT

Radiation Oncology department – Peter MacCallum Cancer

Institute Melbourne, Australia Cancer 2001 Aug 15:92(4):886-95

� prospective study of 153 patients w/ unresectable NSCLC – candidates for RRT 
after conventional staging; restaged after PET

107 patients received radical therapies (70%)

� 102 = RRT with or without concurrent chemotherapy

� 5 = potentially curative resection after down staging by PET

46 patients received palliative RX (30%)

� 28 = PET detected distant metastasis

� 18 = PET detected extensive locoregional disease

NSCLC Staging with PET impact on radical RT

Conclusion:  

PET staging

� detected unsuspected metastasis in 20%

� strongly influenced choice of treatment strategy

� frequently impacted RT planning volumes

� powerful predictor of survival
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NSCLC Staging with PET impact on survival s/p radic al radiotherapy

� noted that 30% of NSCLC RRT candidates became ineligible after PET 
staging

compared two prospective cohorts –

� 1 = patients given 60 Gy conventionally fractionated RRT with or 
without concurrent carboplatin.  Stage I-III, ECOG status 0 or 1, < 
10% wt loss, not staged with PET – 77 patients

� 2 = all RRT candidates who received RRT after PET staging. Stage
I-III, ECOG status 0 or 1, < 10% wt loss – 88 patients

NSCLC Staging w/PET impact on survival s/p radical radiotherapy

Results:  Patients selected for RRT after PET have lower early cancer 
mortality than those selected using conventional imaging

4%8%Mortality from 

other causes 1st yr

32%17%Mortality from NSCLC 
in 1st yr

16 months31 monthsMedian Survival

Non-PET patientsPET patients
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PET imaging Radiation therapy applications & impact

� Metabolic imaging with FDG PET improves accuracy of oncology 
staging/restaging over conventional imaging

� FDG PET can be used to improve GTV  for radiation treatment planning

� it is important to demonstrate that changes to conventional treatment strategy 
will result in improved cancer outcomes

� As we approach personalized medicine therapies, will maps of treatment-
resistant subregions of tumors treated w/additional dose by 3D CRT or IMRT 
produce additional tumor response & cure?

PET imaging Radiation therapy applications & impact

Future

� development of novel radiolabeled markers associated with tumor 
growth, cellular proliferation (doubling time), tumor hypoxia, aptosis, 
hormone receptor status & prediction of radioresistance

� use these markers to design more conformal radiation dose distributions

� to “paint” additional dose to specific tumor microregions

� to prescribe adjuctive therapy targeted to specific tumor phenotype or 
genotype

Int. J Radiation Onc Biol Phys. Vol 55, No 2 pp 294,301, 2003 
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Delivering quality radiopharmaceuticals

Expanding the value of PET

Advancing a new paradigm for molecular imaging

Delivering, Expanding, Advancing the Science of Mol ecular Imaging


