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Table 1 Internd radiation dose of FDG* (mGy/MBQ)
mGy/MBq

Organ Adult 15years 10years 5years 1year
Adrenals 0012 0.015 0.024 0.038 0.072
Bladder 0160 0.210 0.280 0320 0.590
Bone surface 0011 0.014 0.022 0.035  0.066
Brain 0.028 0.028 0.030 0.034 0.048
Breast 0.009 0.011 0.018 0.029  0.056
Gall bladder 0012 0.015 0.023 0.035  0.066
Stomach 0011 0.014 0.022 0.036  0.068
Colon 0.013 0.017 0.027 0.040 0.074
Kidneys 0021  0.025 0.036 0.054  0.096
Liver 0011 0.014 0.022 0.037  0.070
Lungs 0.010 0.014 0.021 0.034  0.065
Muscles 0011 0.014 0.021 0.034  0.065
Oesophagus 0011 0.015 0.022 0.035 0.068
Ovaries 0.015 0.020 0.030 0.044  0.082
Pancreas 0.012 0.016 0.025 0.040 0.076
Red marrow 0011 0.014 0.022 0.032  0.061
Skin 0.008 0.010 0.016 0.027  0.052
Spleen 0011 0.014 0.022 0.036  0.069
Testes 0.012 0.016 0.026 0.038 0.073
Thymus 0.011 0.015 0.022 0.035 0.068
Thyroid 0010 0.013 0.021 0.035 0.068
Uterus 0.021  0.026 0.039 0.055 0.100
Remaining organs 0.011  0.014 0.022 0.034 0.063
Effective dose 0019 0.025 0.036 0.050  0.095

*|CRP Publication 803
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Fig. 1 Excessrelativerisk of annua cancer death by ra-
diation exposure (/mSv) (Were-drew aFig. 1 with
reference to the data by Pierce et al.19).
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Table 2 Five-year relative survival and FDG-PET screening sensitivity

5-year relative survival

Screening sensitivity

Screening (Ws)1516)

All Wo)2  PET¥ PET-CT¥

Thyroid N.A* N.A* 0.806 1
Colon 0.9110 0.7327 0.902 0.902
Lung 0.4613 0.3468 0.590 1
Breast 0.9124 0.8613 0.923 0.923
Prostate 0.9980 0.8778 0.310 0.516
Stomach 0.7477 0.6456 0.239 0.352
Malignant lymphoma N.A* N.A* N.A* N.A*
Kidney N.A* N.A* N.A* N.A*
Oesophagus 0.3781 0.3791 N.A* N.A*
Uterus 0.8871 0.7636 N.A* N.A*
Ovaries N.A* N.A* N.A* N.A*
Pancreas 0.1438 0.0781 N.A* N.A*
Head and Neck 0.9332 0.8365 N.A* N.A*

Average 0.8075 0.6348 0.745 0.853
*Not Available
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Table 3 Number of PET and PET/CT scannersin 67 PET centers

PET PET-CT
Scanner Number Scanner Number
GE Advance Nxi 11 GE Discovery LS4DAS 1
PHILIPS Allegro 3 Discovery LS8DAS 8
SIEMENS EXACT 2 Discovery ST 4DAS 1
ECAT ACCEL 3 Discovery ST 8DAS 3
SHIMADZU  Eminence 4 Discovery ST 16DAS 16
Other 2 Discovery ST Elite 8DAS 3
Discovery ST Elite 16DAS 5
PHILIPS GEMINI GXL 6DAS 2
GEMINI GXL 16DAS 6
SIEMENS Biograph 2DAS 6
Biograph 6DAS 1
Biograph 16DAS 4
SHIMADZU  Eminence SHOPHIA 2
TOSHIBA Aquiduo 5
Total 25 Total 63

Table 4 Scan ranges of FDG-PET cancer screening and
number of PET center

Number

Scan range of site
Parietal region — Femoral region 51
Parietal region — Pubic bones interior 2

Parietal region — Anus 1
Orbit — Femoral region 7
External acoustic foramen — Femoral region 1
Upper nose — Femoral region 1
Frontal sinus— Femoral region 1
Skull base — Femora region 1
Skull base — Groin 1
Middle of the forehead — Pubic bonesinterior 1

Total 67
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Table 5 Injected dose of FDG by PET and PET/CT
PET PET/CT
Fixed Variable by weight Fixed Variable by weight
Radioactivity Radioactivity Radioactivity Radioactivity
of FDG (MBg) NUMPE" ot EpG (MBgkg) NUMPE of FDG (MBg) NUTPE of FDG (MBgikg) TNUMPEr
111 1 2.60 1 185 12 2.60 1
150 1 2.64 1 2.64 1
185 2 3.00 2 3.00 5
300 1 3.70 7 3.10 2
370 1 4.00 1 3.33 3
4.43 1 3.70 16
4.44 1 3.75 2
4.63 1 4.00 3
5.00 1 4.40 2
4.43 2
4.44 1
4.50 1
Unknown 1
Mean (MBqg)+ SD* Mean (MBg/kg)+ SD* Mean (MBg/kg)+ SD*
216.80+ 89.51 3.70+ 0.62 3.60+ 6.93
*Standard Deviation
Table 6 The characteristics of CT scannersintegrated in PET/CT system
Tube Tube current Fixed of tube !
Numb Numb Numb Pitch Numb
voltage (kV) umber (mAs) umber current (mAs) umber ¢ umber
120 25 Uniformity 14 20 2 0.75 1
130 6 Variable 43 24 1 0.80 3
140 24 Unknown 6 25 3 0.90 3
Unknown 8 40 2 0.94 7
100 1 1.00 2
150 2 115 3
175 1 125 1
180 1 1.30 1
220 1 1.35 2
138 1
1.50 9
1.68 12
1.75 7
Unknown 11
Meant SD* Meant SD*
85.2+ 102.06 1.11+ 0.30
Total 63 Total 63 Total 14 Total 63

*Standard Deviation
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Table 7 Effective dose of FDG-PET cancer screening

Effective dose (mSv)

203
304
405
506
607
708

Mean doset SD* (mSv)

(mSv)
Number of PET centers
Male Female

2 3

5 12

8 4

4 2

2 0

1 1
47+ 1.19 4.0+ 1.04

*Standard Deviation

Table 8 Effective dose of FDG-PET/CT cancer screening (mSv)

Total PET
Effective Number of PET Effective Number of PET Effective Number of PET
It t t
dose (mSv) ceners dose (mSv) ceners dose (mSv) ceners
Mde Femde Made  Femae Mae Femade
50 10 15 16 005 13 14 10 2 0 0
100 15 16 16 50 10 19 17 20 3 0 3
150 20 5 4 100 15 5 5 30 4 20 38
200 25 4 4 150 20 2 2 40 5 21 9
250 30 0 2 200 25 1 3 506 9 0
300 4 2 250 30 5 4 60 0 0
Unknown 9 9 Unknown 8 8 Unknown 1 1
Mean (mSv) 14.2 12.8 Mean (mSv) 10.1 9.7 Mean (mSv) 45 37
+ SD* + 717 + 6.76 + SD* + 758 +734 + SD* + 084 £ 048

*Standard Deviation
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Table 9 Lifesaves(NT), Lifetimeloss (Su)), and benefit/ Table11l Lifesaves(NT), Lifetimeloss (Su)), and benefit/

risk ratio (w) of FDG-PET cancer screening by age group risk ratio (w) of FDG-PET/CT cancer screening by age group
and sex (constant injected activity) and sex (constant injected activity)
Age NT Su) w** Age NT Su) 0}
male male

2000 29 32.87+ 405 152.91+ 0.00 0.21+ 0.03 2000 29 38.00+ 4.90 717.92+ 0.00  0.05+ 0.01

30039 112.65+ 27.81 151.46+ 0.00 0.74+ 0.18 30039 129.66+ 32.00 711.85+ 0.00  0.18+ 0.04

400049 348.38+ 84.50 199.43+ 0.00 1.75+ 0.42 400049  405.31+ 100.11 724.78+ 0.00  0.56* 0.14

5000 59 844.84+ 113.13 177.47+ 0.00 4.76*+ 0.64 5000 59 995.02+ 136.67 636.51+ 0.00 1.56+ 0.21

600] 69 1433.64+ 170.60 136.88+ 0.00 10.47+ 1.25 6000 69 1724.77+ 222.32 47356+ 0.00  3.64+ 0.47

700 79 1713.02+ 144.75 73.64+ 0.00 23.26+ 1.97 700 79 216059+ 176.71 237.35+ 0.00 9.10+ 0.74

8000 89 1043.74+ 149.93 16.69+ 0.00 62.52+ 8.98 8000 89 1340.79+ 195.97 52.44+ 0.00 2557+ 3.74

900 48447+ 142.41  1.64+ 0.00 294.76+ 86.65 900J 620.02+ 182.26 5.86+ 0.00 105.72+ 31.08
female female

200029 14897+ 49.29 369.50+ 0.00 0.40+ 0.13 200029 171.56* 55.42 1292.39+ 0.00  0.13+ 0.04

30039 50296+ 71.45 363.47+ 0.00 1.38+ 0.20 30039 568.10+ 7750 1234.30+ 0.00  0.46+ 0.06

400049  799.69+ 102.44 408.12+ 0.00 1.96+ 0.25 400049 891.92+ 110.00 1330.35+ 0.00 0.67+ 0.08

5000 59 1028.49+ 43.04 366.49+ 0.00 2.81+ 0.12 5000 59 114222+ 4581 1168.30+ 0.00  0.98+ 0.04

6000 69 1108.17+ 62.39 292.28+ 0.00 3.79+ 0.21 6000 69 1259.39+ 72.03 884.71+ 0.00  1.42+ 0.08

700 79 1080.25+ 91.71 183.12+ 0.00 5.90+ 0.50 700 79 124521+ 104.12 503.28+ 0.00 247+ 0.21

8000 89 74196+ 91.66  47.15+ 0.00 15.73+ 1.94 80J 89 862.69+ 10592 173.11+ 0.00  4.98+ 0.61

900 335.11+ 112.04 3.60+ 0.00 93.13+ 31.14 900J 390.17+ 130.45 10.19+ 0.00 38.31+ 12.81

** Gignificant difference from PET/CT (p < 0.05)

Table10 Lifesaves (NT), Lifetimeloss(Su)), and benefit/ ~ Table 12 Life saves (NT), Lifetime loss (S(u)), and benefit/

risk ratio (w) of FDG-PET cancer screening by age group risk ratio (w) of FDG-PET/CT cancer screening by age group
and sex (variable injected activity by weight) and sex (variable injected activity by weight)
Age NT Su) W*** Age NT Su) 10}
male male

2000 29 32.87+ 405 192.94+ 0.00 0.17+ 0.02 2000 29 38.00+ 4.90 765.02+ 0.00  0.05+ 0.01
30039 112.65+ 27.81 191.15+ 0.00 0.59+ 0.15 30039 129.66+ 32.00 77342+ 0.00 0.17+ 0.04
400049 348.38+ 84.50 244.64+ 0.00 1.42+ 0.35 400049 405.31+ 100.11 786.43+ 0.00 0.52+ 0.13
5000 59 844.84+ 113.13 217.69+ 0.00 3.88+ 0.52 5000 59 995.02+ 136.67 691.37+ 0.00  1.44+ 0.20
6000 69 1433.64+ 170.60 167.54+ 0.00 8.56+ 1.02 6000 69 1724.77+ 222.32 513.06+ 0.00 3.36+ 0.43
700 79 1713.02+ 144.75 90.30+ 0.00 18.97+ 1.60 70079 2160.59+ 176.71 260.12+ 0.00  8.31+ 0.68
8000 89 1043.74+ 149.93 20.47+ 0.00 50.99+ 7.32 800J 89 1340.79+ 195.97 57.60+ 0.00 23.28+ 3.40
900 48447+ 142.41  1.93+ 0.00 250.54+ 73.65 900J 620.02+ 182.26 6.37+ 0.00 97.32+ 28.61
female female

20029 14897+ 49.29 356.26+ 0.00 0.42+ 0.14 200029 171.56* 55.42 131459+ 0.00 0.13+ 0.04
30039 50296+ 71.45 350.43+ 0.00 1.44+ 0.20 300039 568.10+ 77.50 1009.57+ 0.00  0.56+ 0.08
400049  799.69+ 102.44 393.38+ 0.00 2.03+ 0.26 400049 891.92+ 110.00 1081.39+ 0.00  0.82+ 0.10
5000 59 1028.49+ 43.04 353.00+ 0.00 291+ 0.12 5000 59 114222+ 45.81 871.01+ 0.00  1.31+ 0.05
6000 69 1108.17+ 62.39 281.48+ 0.00 3.94+ 0.22 6000 69 1259.39+ 72.03 902.27+ 0.00  1.40+ 0.08
700 79 1080.25+ 91.71 176.47+ 0.00 6.12+ 0.52 700 79 124521+ 104.12 514.31+ 0.00  2.42+ 0.20
8000 89 74196+ 91.66  45.44+ 0.00 16.33+ 2.02 80J 89 862.69+ 10592 128.62+ 0.00 6.71+ 0.82
900 335.11+ 112.04 6.70+ 0.00 50.00+ 16.72 900 390.17+ 130.45 10.47+ 0.00 37.26+ 12.46

*** Significant difference from PET/CT (p < 0.05)
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Summary

TheActual Situation and Risk-Benefit Analysis of Radiation Exposure
in Cancer Screening Using FDG-PET on the Basis
of Japanese Nationwide Survey
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Objective: The aim of study was to estimate the ra-
diation exposure and to evaluate the risk and benefit
for FDG-PET cancer screening. Method: A common
standard, “expansion and contraction of the average of
life expectancy,” was used for risk-benefit analysis
based on the survey of FDG-PET cancer screening in
2006. Results: The average of the estimated effective
dosewas 4.4 mSv (male 4.7 mSv, female 4.0 mSv) for
dedicated PET, and was 13.5 mSv (male 14.2 mSy, fe-
male 12.8 mSv) for PET/CT. Asaresult, the risk-benefit
break-even age from a viewpoint of radiation expo-

sure was 40’'s for male and 30's for female for dedi-
cated PET, and was 50's for male, and 50’s (variable
injected activity) or 60's (constant injected activity) for
female for PET/CT. Conclusions: FDG-PET cancer
screening is beneficia for examinees, depending on the
age, gender, and type of examination (PET or PET/CT).
However, it is necessary to explain the risk and benefit
to the subjects because of larger radiation exposure than
other X-ray tests used for cancer screening.

Key words: Cancer screening, Positron emission
tomography, Radiation exposure, Risk, Benefit.



