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Average CT (< 1 mSv) to reduce mis-alignment of PET and CT
— Automatic processing without operator interaction
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PET/CT applications at M.D.Anderson

« Majority for diagnosis and staging of cancer
* One PET/CT scan per patient prior to treatment

Diagnostic Imaging Radiation Oncology
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Free-breathing or breath-hold in CT
of PET/CT ?



Helical CT data acquisition
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Breathing Artifacts

GE MEDICAL SYSTEMS
Discovery ST DST1_0OCO

Ex: 468
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Im: 2 May 19 2006
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Protocol: 16x0.625 mm, 0.8 s gantry rotation, pitch 1.375:1
Speed: 13.75 mm/0.8 s or 17.2 mm/s
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Breathing artifacts to physiological info

May 19 2006
10:31:20 AM
512 ¥ 512

Mag = 1.00
FL:
ROT:

210 mm (2D)

L= S N

W 423WL: -44

Heart rate= (21/(13.75/0.8)) -1*60= 49 bpm



Registration of Free-Breathing CT
and PET maybe like




I\/Ilsallgnment In breathlng states

100 120 (sec)
Pan et al, INM, 2005




Mis-matched PET-CT data sets

Mismatch 1: Mismatch 2:

CT diaphragm position CT diaphragm position
lower than PET higher than PET



Deep Inspiration breath-
hold PET/CT



Deep inspiration breath-hold (3 min)

FB PET/CT
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Deep inspiration breath-hold (20 s)
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Torizuka et al, INM, 09



4D PET/CT

(better with list-mode, and challenging to
perform in the clinic)



Respiratory gating devices

ssure) Philips (airbellowg)




4D PET patient study
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Near end-expiration
PET/CT



Near end-expiration PET

End Inspiration

Breath-hold

Fig. 4 — Sagittal cross-sections of images from Patient 1 for (a) CT-std (left) and Ungated PET (right) images and (b) BH-CT
(left) and BH-CT-based PET (right) images. Dotted lines are placed on the upper and lower boundaries of the lesion on the CT
images and carried over onto the corresponding PET image. Cardiac motion artifacts are visible on both CT images because
no cardiac gating was performed.

Daouk, et al, ’08



Average CT (ACT) <1 mSv

Data acquired at high temporal resolution and
averaged over one breath cycle

Attenuation correction, RT dose calculation, IGRT



4D-CT

Cine CT images
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Cine CT images
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Pan, et al, JNM ‘05 Average



Tumor contouring with MIP CT
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Cine CT Data Acquisition

y ray tube PET det. /

CT det. PET det.

;
Average CT 5 mGy (0.87 mSv per 14 cm)




Average CT Is better than slow CT

(2 adjacent CT slices of 2.5 mm apart)
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Creating combined CT

Helical CT w ACT Helical CT w/o thorax Helical CT

Pan, et al, Med Phys ‘06



Average CT for RT dose calculation
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Clinical examples of
average CT



Chinical Studies

NSCLC

Esophageal




Lung tumor 1




Lung tumor 2

3.7 (- 5%)
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Lung tumor or lymph node

SUV=7.5(+62%)




Lung tumor
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Liver lesion
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Kidney or liver uptake
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Lung or liver lesion?
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Lung lesion or liver lesion?

Average CT
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Colorectal cancer
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Colorectal cancer
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Inside the liver?
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Outside the liver
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Tumor and cardiac Imaging




Average CT In cardiac PET
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Pan et al, Med. Phys. 2006



Improve the restaging after chemo

e -_ -/

The patient had a negative response to the chemo with ACT.
Pan, et al, Med Phys ‘08



Impact on treatment planning

Previous GTV was outlined based on CT and clinical PE’
New GTV was redefined based on the correct informa%on fro

Pan, et al, Med Phys ‘08



Oncology PET/CT dose estimate

Injection dose: 10 mCi per patient
1 mCi =3.7 x 107 dps = 3.7 x 107 bequerel (BQq)

Radiation dose: 7 mSv from PET
5to 10 mSv from CT
<0.5to1l mSv fromACT

Radiation dose: 3.6 mSv from the environment



Why are we not using
average CT7?

Complexity, Workflow and Cost



Cine CT images
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4D-CT Workflow

CT or PET/CT
PET & CT
~
Console
Cine CT images l Average CT (ACT)

| e Treatment
e Planning
System

AW and Advantage 4D-CT



Cine CT Workflow without Gating

PET & ST

Treatment
Planning
System

Average CT (ACT)

Transparent to the user
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Summary

Respiratory gating PET can improve quantification, but
IS challenging to be performed in the clinic

Average CT can improve registration of CT and PET,
IS used for dose calculation and IGRT in radiation

therapy
MIP CT can assist tumor contouring

Workflow and efficiency can be improved, and cost
can be reduced



