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ABSTRACT 

 
Positron emission tomography (PET) using 18F-FDG has increased significantly in pediatric patients. PET with 
18F-FDG has often been applied in oncology. Cancer induction is one of the main stochastic risk from exposure 

to ionizing radiation of 18F-FDG. Radiation-induced cancer risk estimation due to medical exposures is an 

important tool for risk/benefit assessing. The objective was to perform dosimetry and estimate the risk of cancer 

induction due to pediatric use of 18F-FDG. MCNPx Computational dosimetry was performed to estimate organ 

absorbed doses resulting from 18F-FDG pediatric use. Two voxelized phantoms, kindly provided by the GSF - 

Helmholtz Zentrum, were used: "Child" - 7 years child and “Baby" 8-week-old infant. ICRP-128 publication 

provided the radiopharmaceutical biodistribution of F-18. Tables containing organ absorbed dose and effective 

dose per unit of injected activity for the two phantoms were obtained. The injected activities were estimated 

according to data provided in the literature. Images of the absorbed dose distribution were generated from both 

models. The BEIR VII methodology was used to calculate the risk of cancer induction. The risk of cancer 

induction (per imaging procedure) for the seven-year-old child was (0.09% ♂ and 0.15% ♀) and for the eight-

week old baby was (0.11% ♂ and 0.21% ♀). The 18F-FDG absorbed dose distribution in the children and infants 

showed some divergences in comparison to adult data. Probably, the biokinetic data used to children and infants 

is the main reason for this disconnection. 

 

 

1. INTRODUCTION 

 

Nuclear Medicine (NM) has been successfully used in pediatric pathology diagnosis and 

evaluation virtually in all fields of medicine [1]. This success occurs largely because NM 

studies presents the ability to provide patient physiological and metabolic information non-

invasively and with low-risk [1]. 

 

The positron emission tomography (PET) images using 18F-FDG have increased significantly 

in pediatric patients [2]. PET/18F-FDG has often been applied in oncology, usually coupled 

with anatomical CT images for better localization of the lesion [2, 3, 4]. PET/CT scans with 
18F-FDG can be used for diagnosis, staging, biopsy planning, radiotherapy planning and 
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evaluation of treatment response. Cardiac and neurological PET/CT studies in children are also 

reported [3]. 

 

The justification for exposures to ionizing radiation is a general principle of radiation protection 

[5]. In nuclear medicine, the justification should ensure that medical exposures only occur 

when the benefits of the medical procedure for the patient outweigh the risks [6]. The benefits 

and the applicability of the pediatric nuclear medicine are demonstrated in several works [1, 2, 

3, 4, 7, 8, 18]. Other researchers bring some concerns about cancer induction/mortality risks 

from pediatric image protocols and recommendations for dose reduction [9, 10]. The 

quantification of the risks and the benefits of radiopharmaceuticals pediatric use is required to 

better support these practices. 

 

An important stochastic risk from ionizing radiation exposure is cancer induction. Several 

methodologies have been used to estimate the radiation-induced cancer risk [5, 11, 12, 13]. The 

aim of this work was to perform dosimetric calculations and estimate radiation-induced cancer 

risk due to 18F-FDG pediatric use. 

 

 

2. MATHERIALS AND METHODS 

 

 

The study was carried out in two steps. Initially the computational dosimetry was performed in 

two infant voxelized phantoms, simulating 18F-FDG imaging procedures. In the next stage, the 

radiation-induced cancer risk was estimated considering the absorbed doses calculated for the 

two models. Absorbed doses from CT procedures, such as anatomical images for localization 

of lesions or acquisitions for attenuation correction measurements that are usually combined to 

the 18F-FDG/PET images were not taken into account in this work. 

 

 

2.1. MCNPx dosimetry 

 

 

Two voxelized infant phantoms, kindly provided by the GSF - Helmholtz Zentrum, were used 

for MCNPx simulations [14]. One of the models, called "Child", represents a 7 years child. The 

other, named "Baby," represents an 8-week-old baby. The phantom masses are 4.2 kg (Baby) 

and 21.7 kg (Child). The female patient´s images were used in these phantoms construction. 

The male gonads (testes) were added to the models. Thus, these phantoms can be considered 

as hermaphrodites. A C++ program was developed to adapt the phantoms to MCNPx format. 

Tissues and organs chemical compositions and densities were obtained at ICRP 110 [15]. 

 

The dosimetric protocols used for MCNPx input-file preparation were described in an earlier 

publication [16]. Some adaptations and specificities concerning to the infant phantoms 

modified in this work are described hereafter. 

 

The F-18 emission probability for the voxels of a given tissue was based on 18F-FDG 

biodistribution data provided in ICRP 128 [17]. Table 1 shows the residence times adopted for 

the source-organs of “Baby” and “Child” phantoms. The heart wall was not segmented in both 

models. Thus, the emissions corresponding to this organ were defined in heart’s wall and 

content. In addition, some organs or tissues such as gall bladder wall, lymphatic nodes, ET1 
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region and breast were not segmented in these models. Thus, for effective dose calculation, 

some approximations based on absorbed doses of nearby organs were made. ICRP-103 wt and 

wr weighting factors and calculation methodology were applied [5]. 

 

 

Table 1: Residence times for “Baby e “Child” source organs according to ICRP 128. 
 

Source Organs 
Residence time -  (h) 

“Baby” “Child” 

Urinary Bladder contents 0.16 0.26 

Brain 0.21 0.21 

Heart Wall 0.11 0.11 

Liver 0.13 0.13 

Lungs 0.079 0.079 

Other organs and tissues 1.7 1.7 

Total 2.389 2.489 

 

 

Tables addressing the organ absorbed dose and the effective dose per unit of injected activity 

for the two phantoms were generated. The calculated values were compared with those 

provided in ICRP-128[17]. Since this publication had provided data only for 1, 5, 10 and 15 

years children, logarithmic interpolation and extrapolation were necessary to find absorbed 

doses at the 8 weeks and 7 years old child. Images of the absorbed energy distribution were 

generated for both models. 

 

 

2.2. Estimation of Radiation-Induced Cancer Risk 

 

 

The LAR (Lifetime Attributable Risk) of a second cancer incidence induced by a 18F-FDG 

imaging procedure was estimated according to the methodology of BEIR VII [11]. Mean 

absorbed dose values in organs per unit of injected activity, calculated through “Baby” and 

“Child” simulations, were used for these estimations.  

 

Some guidelines or reference papers have presented the 18F-FDG injected activity per kg of 

body mass [2, 4, 9, 18]. The range of injected activity per body mass in these works was about 

3.0 MBq.kg-1 to 10.0 MBq.kg-1. Here we have adopted 6.0 MBq.kg-1 in order to calculate the 

total injected activity. Considering the models body weight, the injected activities were defined 

as 25 MBq to “Baby” and 130 MBq to “Child”. 

 

Risk transport for the Brazilian population took into account: i) incidence cancer data, in 

Brazilian male and female populations, for different cancers by age group, adapted from a study 

of Instituto Nacional do Câncer – INCA [19]; and ii) the mortality estimates for male and 

female by age group provided by Instituto Brasileiro de Geografia e Estatística - IBGE [20]. 
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3. RESULTS 

 

 

3.1. MCNPx dosimetry 

 

 

Table 2 shows organ absorbed dose and effective dose per unit of injected activity calculated 

for the "Baby" phantom. The organs that presented the highest absorbed doses for this model 

were heart, urinary bladder wall, lungs, uterus and ovary. The lowest absorbed doses were 

observed in the following organs or tissues: skin, small intestine, testicles, stomach wall and 

endosteum. According ICRP-128 data [17], interpolated to this model at age of eight weeks, 

the organs that presented the highest doses were heart, urinary bladder wall, liver, lungs and 

uterus. The organs that had the lowest absorbed doses according ICRP reference data were 

skin, breast, brain, red bone marrow and endosteum. 

 

Table 2: 8w infant organ absorbed dose and effective dose per unit of 18F-FDG injected 

activity (D/A) calculated in this work compared with the ICRP interpolated value. 
 

Organ 

This Work ICRP 128 Differencea 

D/A 

[mGy/MBq] 

SD 

[mGy/MBq] 

D/A 

[mGy/MBq] 
% 

Adrenals 1.38E-01 7.76E-04 1.09E-01 26.5% 

Endosteum 1.23E-01 8.21E-05 9.83E-02 25.2% 

Brain 1.53E-01 1.07E-04 8.66E-02 76.9% 

Breast 1.26E-01 4.68E-03 8.66E-02 45.1% 

Colon wall (0,57D_ULI + 0,43D_LLI) 1.27E-01 3.18E-04 1.07E-01 18.5% 

ET region (thymus/thyroid average) 1.50E-01 4.87E-04 - - 

Gallbladder wall 1.34E-01 1.40E-03 1.07E-01 25.4% 

Heart (blood + wall) 5.25E-01 5.77E-04 5.85E-01 -10.2% 

Kidneys 1.32E-01 2.99E-04 1.13E-01 17.2% 

Liver 1.78E-01 1.60E-04 1.83E-01 -3.0% 

Lungs 4.13E-01 5.05E-04 1.83E-01 126.0% 

Lymphatic nodes (head and trunk tissues) 1.24E-01 4.54E-05 - - 

Muscles 1.24E-01 4.98E-05 1.03E-01 20.0% 

Esophagus 1.52E-01 1.44E-03 1.01E-01 50.8% 

Oral Mucosa (head tissue) 1.16E-01 1.05E-04 - - 

Ovary 1.89E-01 2.95E-03 1.17E-01 61.9% 

Pancreas 1.38E-01 9.23E-04 1.17E-01 17.9% 

RBM 1.27E-01 9.01E-05 9.00E-02 41.1% 

Salivary Glands (head tissue) 1.16E-01 1.05E-04 - - 

Small intestine 1.21E-01 2.55E-04 1.13E-01 7.4% 

Stomach wall 1.23E-01 5.65E-04 1.03E-01 19.1% 

Skin 9.78E-02 7.95E-05 7.76E-02 26.0% 

Spleen 1.30E-01 4.15E-04 1.02E-01 27.6% 

Thymus 1.52E-01 5.15E-04 1.01E-01 50.3% 

Thyroid 1.33E-01 1.47E-03 1.01E-01 32.4% 

Urinary bladder wall 5.04E-01 1.77E-03 4.45E-01 13.2% 

Uterus/cervix 2.44E-01 1.80E-03 1.38E-01 76.2% 

Prostateb 2.44E-01 1.80E-03 - - 

Testes 1.23E-01 1.34E-03 1.02E-01 19.8% 

Effective Dose (mSv/MBq) 1.87E-01 1.20E-03 1.45E-01 28.6% 

a - Difference = ((This work value - ICRP value)/ICRP value)*100 
b - Considered the same as uterus absorbed dose for effective dose calculation 
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The values of the absorbed dose per organ, calculated in our work for the phantom "Baby" 

were systematically higher than the reference values of ICRP-128 [17]. The only exceptions 

were data from the heart and the liver. For most organs, deviations were less than ± 30%. The 

largest differences were found for: lungs (126%), brain (77%), uterus (76%), ovary (62%) and 

esophagus (51%). 

 

 

Table 3: 7y children organ absorbed dose and effective dose per unit of 18F-FDG 

injected activity (D/A) calculated in this work compared with ICRP interpolated value. 

 

Organ 

This Work ICRP 128 Differencea 

D/A 

[mGy/MBq] 

SD 

[mGy/MBq] 

D/A 

[mGy/MBq] 
% 

Adrenals 3.49E-02 3.84E-04 3.15E-02 10.7% 

Endosteum 2.73E-02 1.33E-05 2.82E-02 -3.2% 

Brain 3.89E-02 3.11E-05 4.42E-02 -12.0% 

Breast (trunk skin) 2.37E-02 3.08E-05 2.38E-02 -0.6% 

Colon wall (0,57D_ULI + 0,43D_LLI) 3.23E-02 8.46E-05 3.17E-02 1.8% 

ET region (mucous membrane) 3.06E-02 1.25E-04 - - 

Gallbladder wall (liver) 5.01E-02 4.51E-05 3.11E-02 60.8% 

Heart (blood + wall) 1.15E-01 1.27E-04 1.70E-01 -32.1% 

Kidneys 3.17E-02 6.00E-05 3.23E-02 -1.9% 

Liver 5.01E-02 4.51E-05 5.33E-02 -6.0% 

Lungs 7.84E-02 9.40E-05 5.29E-02 48.3% 

Lymphatic nodes (head and trunk tissues) 2.98E-02 8.57E-06 - - 

Muscles (soft tissue) 2.68E-02 6.69E-06 2.96E-02 -9.2% 

Esophagus (mucous membrane) 2.73E-02 1.53E-04 2.92E-02 -6.6% 

Oral Mucosa (mucous membrane) 2.73E-02 1.53E-04 - - 

Ovary 3.68E-02 4.75E-04 3.47E-02 6.2% 

Pancreas 3.35E-02 1.44E-04 3.32E-02 0.9% 

RBM 2.94E-02 1.55E-05 2.67E-02 10.3% 

Salivary Glands (head tissue) 2.60E-02 2.60E-05 - - 

Small intestine (wall + contents) 3.31E-02 3.97E-05 3.23E-02 2.5% 

Stomach wall 2.88E-02 9.80E-05 2.89E-02 -0.4% 

Skin 2.11E-02 1.80E-05 2.10E-02 0.5% 

Spleen 3.01E-02 6.63E-05 2.86E-02 5.5% 

Thymus 3.50E-02 1.51E-04 2.92E-02 20.0% 

Thyroid 2.86E-02 3.24E-04 2.78E-02 3.1% 

Urinary bladder wall 8.00E-02 2.32E-04 1.74E-01 -54.1% 

Uterus/cervix 5.64E-02 2.59E-04 4.29E-02 31.4% 

Prostateb 5.64E-02 2.59E-04 - - 

Testes 2.86E-02 5.07E-04 2.96E-02 -3.1% 

Effective Dose (mSv/MBq) 3.92E-02 1.13E-04 4.50E-02 -12.8% 

a - Difference = ((This work value - ICRP value)/ICRP value)*100 
b - Considered to be the same as uterus absorbed dose for effective dose calculation 

 

 

Table 3 shows the absorbed dose per organ and the effective dose per unit of injected activity 

obtained for the "Child" phantom. The highest absorbed doses per unit of injected activity were 

found in the following organs: heart, urinary bladder wall, lungs, uterus and liver. The lowest 

absorbed doses were observed in the skin, breast, muscle, esophagus and endosteum. Among 
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the absorbed doses provided by ICRP-128 [17], interpolated to adjust to the phantom age 

(seven years), the highest values occurred in urinary bladder wall, heart, liver, lungs and brain. 

Also, in according to this publication data, the lowest absorbed doses values took place on: 

skin, breast, red bone marrow, thyroid and endosteum. The differences between the calculated 

values for the voxelized models and the interpolated ICRP 128 data were less than ± 15% for 

most of the organs. The largest deviations were observed for gallbladder wall (61%), urinary 

bladder wall (-54%), lungs (48%), heart (-32%) and uterus (31%). 

 

Considering the phantom masses (4.2 kg - "Baby" and 21.7 kg "Child") and the injected activity 

per unit of mass (6.0 MBq/kg) the effective dose for the Baby model was 4.7 mSv and for the 

Child model, the value was 5.1 mSv. 

 

Tridimensional images absorbed energy distribution were generated for both models. Figure 1 

show coronal slices of “Baby”, “Child” models showing the energy deposition pattern due to 
18F-FDG injection using ICRP 128 residence times [17]. A coronal image of RCP_AM 

voxelized model showing absorbed energy distribution due to 18F-FDG injection was also 

added to Figure 1 for comparison.   

  

 

 
 

 

Figure 1: Coronal slices of “Baby”, “Child” and RCP_AM voxelized models showing 

the energy deposition pattern due to 18F-FDG injection using ICRP 128 residence times. 
 

 

 

3.2. Estimation of Radiation-Induced Cancer Risk 

 

 

Tables 4 and 5 present the lifetime attributable risk (LAR) of incidence of 18F-FDG induced 

cancer in male and female children. The organs absorbed dose values previously calculated for 

the "Child" and "Baby" phantoms were used to estimate the risk, as well as the injected 

activities defined in this work (25 MBq - Baby; 130 MBq - Child). Lung tumors presented the 

highest occurrence probability for both sexes and ages. Among the girls, breast cancer has also 

showed a high incidence. The probability of occurrence of a radiation-induced cancer was 

higher among the girls than among the boys for the two ages studied. The total risk of cancer 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

induction, per imaging procedure, for the seven-year-old child was (0.09% ♂ and 0.15% ♀) 

and for the eight-week old baby was (0.11% ♂ and 0.21% ♀) 

 

 

Table 4: Lifetime attributable risk of cancer incidence calculated for 8 week old and 7 

years old male infants of the Brazilian population, considering a 18F-FDG injected 

activity of 25 MBq for “Baby” and 130 MBq for “Child”. 
 

Organ 

Male "Baby" – 8w old Male "Child" – 7y old 

D [mGy] 
LAR [Cases/100.000 

Exposed persons] 
D [mGy] 

LAR [Cases/100.000 

Exposed persons] 

Stomach 3.1 5 3.8 5 

Colon 3.2 6 4.2 7 

Liver 4.5 3 6.5 3 

Lungs 10.4 26 10.2 20 

Prostate 6.1 5 7.3 5 

Urinary bladder 12.7 16 10.4 11 

Other Solid Cancer 3.2 41 4.2 27 

Thyroid 3.4 4 3.7 2 

All Solid Cancers - 105 - 79 

Leukemia 3.2 6 3.8 5 

All Cancers - 111 - 85 

 

 

Table 5: Lifetime attributable risk of cancer incidence calculated for 8 week old and 7 

years old female infants of the Brazilian population, considering a 18F-FDG injected 

activity of 25 MBq for “Baby” and 130 MBq for “Child”.. 
 

Organ 

Female "Baby" – 8w old Female "Child" – 7y old 

D [mGy] 
LAR [Cases/100.000 

Exposed persons] 
D [mGy] 

LAR [Cases/100.000 

Exposed persons] 

Stomach 3.1 6 3.8 6 

Colon 3.2 4 4.2 5 

Liver 4.5 2 6.5 2 

Lungs 10.4 55 10.2 42 

Breast 3.2 38 3.1 27 

Uterus/cervix 6.1 5 7.3 4 

Ovary 4.8 4 4.8 3 

Urinary bladder 12.7 18 10.4 12 

Other Solid Cancers 3.2 46 4.2 30 

Thyroid 3.4 29 3.7 18 

All Solid Cancers - 205 - 148 

Leukemia 3.2 5 3.8 4 

All Cancers - 210 - 152 
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4. DISCUSSIONS  

 

 

The absorbed dose values calculated for the phantom "Baby" were systematically higher than 

the reference values of ICRP-128 [17], observed in table 2. The extrapolation of the ICRP 

values was performed taking as base the age of the phantom. The weight-versus-age tables 

indicate that for an eight week old baby the expected weight (-1SD / Median / + 1SD) is ♀) 4.4 

/ 5.0 / 5.7 kg and ♂) 4.8 / 5.4 / 6.1 kg [21]. Even for a female baby the phantom mass (4.2 kg) 

is relatively low for this age. This factor may be the main reason for the overestimations 

observed in the calculated values, since usually it can be stated that the lower the mass of the 

model, the higher the dose per unit of injected activity [9]. Extrapolation by weight (and not by 

age) would be more appropriate in this case. In addition, logarithm extrapolation could be 

inadequate for reference data.  

 

A good agreement was found between the data calculated for the “Child” model and the ICRP-

128 reference values [17] interpolated for the age of 7 years, presented in table 3. The total 

mass of this model (21.7 kg) is slightly below average, but within the expected range for that 

age. The World Health Organization [21] establishes the weight of ♀) 20.1 / 23.4 / 27.6 kg and 

♂) 20.9 / 23.9 / 27.7 kg (-1SD / Median / + 1SD) for 7 years and 6 months old children. 

 

Some organs in both models ("Baby" and "Child") show large differences between calculated 

values and reference values based on ICRP-128 data [17]. Such fact has already been reported 

in other studies comparing simulation results using voxelized models with those using stylized 

models [22, 23]. Usually these disparities are related to the diversity of: i) anatomy of the 

models (shape and position of the organs); ii) chemical composition and density of tissues; iii) 

differences in the methodology of the energy transport of particles (photons, electrons and 

positrons). It is possible, for some organs, to identify the main cause of divergences. The 

voxelized models has often underestimated the absorbed dose on the wall of the urinary bladder 

when compared with analytical models [22, 23]. In fact, all organs holding a wall narrower 

than the voxel dimensions may present this type of problem. A partial volume effect can occur, 

as the voxelized models cannot represent an organ wall as thin as the real one. Analytical 

models do not have such a limitation. In the case of the heart, the voxelized "Baby" and "Child" 

models do not have distinguished between heart wall and content (blood). Thus, the emissions 

in this organ were distributed in these two compartments. The ICRP stylized models have this 

distinction. Thus, all the emissions related to heart residence-time occur only in the wall of the 

organ. In addition, the absorbed dose is measured only in the cardiac wall. The absorbed dose 

overestimations for the lungs are already been expected. In this study, the density for this organ 

was 0.382 g.cm-3 [15], higher than the density generally adopted in previous works with 

stylized phantoms: 0.296 g/cm3 [24] and 0.260 g/cm3 [25]. 

 

The analysis of the absorbed dose values per organ for 18F-FDG pediatric patients show some 

intriguing data. For example, the absorbed dose in the brain was lower than the liver absorbed 

dose in all the studied cases, including ICRP reference values [17]. Indeed, according to ICRP-

128 data, brain absorbed dose for a one-year-old child is only greater than the absorbed dose 

in four organs/tissues: muscles, red marrow, breast and skin. Brain fractional activity is higher 

than liver’s, for adults [17, 26], as can be seen on Figure 2.  As the liver has a volume slightly 

larger than brain volume, the activity concentration must higher on the brain. In adults, the 

brain has the third largest absorbed dose, only smaller than the urinary bladder wall and heart 

wall [17]. Based on the assumption that the infant brain should have a higher uptake per unit 
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mass than the liver, as observed for adults, brain low absorbed doses would not be expected for 

infant.  

 

 

 
 

Figure 2: Decay corrected time-activity curves for brain and liver after 18F-FDG 

intravenous injection in adults – adapted from work of Hays et al., 2002 [26].  

 

 

This brain uptake inconsistency can also be observed in “Child” and “Baby” images in Figure 

1. The images of the infant models do not match 18F-FDG literature images (Figure 3) [9, 27]. 

On the other, 18F-FDG image of RCP_AM has good agreement with images found in literature 

[28]. 18F-FDG images show that brain has a higher uptake than the liver, no matter the patient 

age [9, 27, 28]. 

 

 

 
 

Figure 3: Coronal slices of 18F-FDG uptake found in literature for individuals with 

different ages: (A) - 16 week old and 6 kg baby, adapted from Alessio et al., 2009 [9]. (B) 

– 8 years old female, adapted from Freebody et al., 2014 [27]. (C) – 45 years old male, 

adapted from Otsuka et al., 2007 [28]. 
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The ICRP-128 biodistribution data for 18F-FDG should be obtained from adult subjects 

images/experiments. According to ICRP-128 (ICRP, 2015), the adaptation of these data for  

child's models consists only in the reduction of the urinary bladder content residence-times for 

five-years and one-year old children. The proportion between specific organ masses and the 

whole body mass changes considerably with age. The brain, for example, accounts for about 

11% of the whole body mass in newborns. In adults, brain mass is only about 2% of whole 

body weight. The same occurs, in a smaller proportion, for the other source organs: urinary 

bladder (1.1% / 0.3%), heart (1.3% / 0.5%) and liver (3.7% / 2.5%) - (newborn / adult). The 

lung is the only exception. In the newborn, it represents 1.7% of the whole body mass and in 

the adult, 1.6% (ICRP 89). Therefore, using the same residence time for adult and newborn 

organs can generate distortions, such as that reported in the brain. In fact, the application of 

this methodology to 18F-FDG should result in lower absorbed doses for urinary bladder, heart, 

liver and especially the brain. On the other hand, overestimations are expected to the other 

organs of the infants. 

 

The cancer induction risk due to pediatric 18F-FDG/PET was higher for female younger 

children. The absorbed doses in "Baby" and "Child" radiosensitive organs were quite similar, 

as shown in Tables 4 and 5. The higher absorbed dose values per injected-activity of the "Baby" 

phantom were compensated by the lower injected activity. The effective dose for these two 

models was also similar (Baby: 4.7 mSv; Child: 5.1 mSv). These results are in accordance with 

Alessio et al., 2009 work [9]. They found an 18F-FDG effective dose of 5.0 mSv for infants 

with 6.0 to 7.4 kg weight range and 5.3 mSv for 18.5 to 22.4 kg.  Nevertheless, the risk of 

cancer incidence was 30 to 40% higher for the "Baby" model. The risk of cancer induction 

increases considerably as the age of the patient decreases. This explains the higher values for 

the younger model. Lung cancer (and breast cancer, in the case of female children) had the 

highest contribution to the total number of cases of radiation-induced cancer. This is a matter 

of concern since lung cancer can often be associated with low survival rates (~18%) [29]. The 

incidence risk values for “all cancers” obtained in this work were 0.21% (♀)/0.11% (♂) for 

"Baby" and 0.15% (♀)/0.09% (♂) for "Child". Radiation-induced cancer risk from pediatric 
18F-FDF imaging is not negligible; especially if we consider that the risk calculated excludes 

the CT absorbed dose component. In addition, more than one 18F-FDG imaging study is often 

required, as for the treatment response evaluation. The Alessio et al., 2009 study found values 

slightly larger: 0.34% (♀)/0.18% (♂) for the newborn (6.0 to 7.4 kg) and 0.28% (♀)/0.15% (♂) 

for a Child (18.5 to 22.4 kg), but they consider PET and CT absorbed doses in the estimations 

[9].  

 

 

 

5. CONCLUSIONS  

 

 

MCNPx computational dosimetry for pediatric 18F-FDG PET was performed for the "Baby" 

and "Child" phantoms and the radiation-induced cancer risk was calculated based on the 

absorbed dose values obtained for the radiosensitive organs. Lung cancer incidence represented 

the greatest contribution to the total estimated cases.  

 

The whole risk of cancer induction due to pediatric 18F-FDF PET, for the Brazilian population, 

was 0.21% (♀) to 0.11% (♂) for an 8-week-old baby and 0.15% (♀) a 0.09% (♂) for a seven-

year-old child. This value may be considered high since the CT component of the absorbed 
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dose has not been evaluated in this study and more than one imaging procedure may be 

required, depending on the reason for which the image was taken (detection, staging, 

therapeutic monitoring, etc.). The quantification of the benefits of pediatric 18F-FDG PET also 

should be carried out in future studies, allowing better evaluation of the risk/benefit ratio for 

applying this technique. 

 

In addition, the use of the same residence times obtained for adults for 18F-FDG infantile 

dosimetry generates distortions in the calculated absorbed dose values. Residence times 

obtained from children's images would be the ideal option. More accurate residence time data 

will become available with the increasing of pediatric 18F-FDG. At this time, methodologies 

for adapting adult data to children should be developed and applied. 

 

A future study will present a methodology suggested by our group for the adaptation of adult 

biokinetic data to children. 
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