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HOW IMPORTANT IS PRECISON AND 
ACCURACY IN RADIOTHERAPY

onkol.kielce.pl



SERIOUS CONSEQUENCES OF AN OVERDOSE

[IAEA, 2004]



OUTCOME OF RADIOTHERAPY 
– DOSE-EFFECT CURVES
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• TCP – Tumour Control Probability

𝑇𝐶𝑃 = exp[−𝑁0𝑒𝑥𝑝 −𝛼𝐷 − 𝛽𝑑𝐷 ]

• NTCP – Normal Tissue 
Complication Probability
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ACCURACY REQUIREMENTS FOR RADIATION THERAPY 
– based on the steepness of dose-effect curves (NTCP)

Increase in overall uncertainty of the 
absorbed dose of 7% can lead to 

unacceptable risk of complications (∆50/25).

If 7% is considered as two standard 
deviations,

the combined acceptable uncertainty 

in the absorbed dose delivery is 3.5%.

[Mijnheer et al., 1987]



ACCURACY 
ACHIEVABLE 
IN ABSORBED 
DOSE DELIVERY

[Thwaites, 2013]



CLASSES AND FREQUENCIES OF ACCIDENTAL 
EXPOSURE IN RADIOTHERAPY

[ICRP, 2000]

Table. 3



HOW TO IMPROVE THE ACCURACY 

OF THE DELIVERED DOSE 
IN RADIOTHERAPY

onkol.kielce.pl



DOSIMETRY PROTOCOL 
– THE INTERNATIONAL MEASUREMENT SYSTEM

[IAEA, 2000]



DOSIMETRY PROTOCOL 

– IAEA TRS NO. 398
CODE OF PRACTICE FOR HIGH ENERGY PHOTON BEAMS

[IAEA, 2000]



DOSIMETRY PROTOCOL 

– IAEA TRS NO. 398
CODE OF PRACTICE FOR HIGH ENERGY PHOTON BEAMS

[IAEA, 2000]



DOSIMETRY PROTOCOL 

– CALIBRATION IN THE 
USER’S BEAM

𝐷𝑤,𝑄 = 𝑀𝑄 ∙ 𝑘𝑇𝑝 ∙ 𝑘ℎ ∙ 𝑁𝐷,𝑤,𝑄



GUM-Dw3

EXPERIMENTAL GRAPHITE-WALLED CYLINDRICAL CAVITY 

IONIZATION CHAMBER AS A PRIMARY MOBILE

IONOMETRIC STANDARD FOR ABSORBED DOSE TO WATER 

FOR 6 AND 10 MV HIGH-ENERGY PHOTON BEAMS

U = +250 V

V = 0.5050 cm3



I – measured ionization current, corrected for pressure and temperature conditions (kTp),

ma – the mass of air in the cavity (ρa∙V),

Wa/e – the mean energy spent to produce an ion pair in dry air,

sg,a – the mean stopping power ratio of graphite and air,

(µen/ρ)w,g – the ratio of the mean mass-energy absorption coefficient in water and graphite,

ψw,g – the ratio of the photon energy fluence at a point in water to that in graphite,

βw,g – the ratio of absorbed dose at a given point and collision part of kerma,

kcav – correction due to the finite size of the cavity,

kstem – the stem scatter correction factor,

kenv and kwin – corrections for the presence of a chamber envelope and a phantom window,

krec – the correction factor for recombination losses,

krec – the correction factor for polarity effect,

krn – the correction factor for the radial non-uniformity of the beam,

kh – the correction factor for humidity.

THE ABSORBED DOSE TO WATER FROM IONOMETRIC 

MEASUREMENTS

ሶ𝑫𝒘 =
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𝑾𝒂

𝒆
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[Boutillon et al., 1993]



CONVERSION FROM THE IONIZATION MEASUREMENT IN THE 
GRAPHITE CAVITY CHAMBER TO ABSORBED DOSE IN 

HOMOGENEOUS WATER

SOURCE
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[Andreo et al., 2017]



[Szymko et al., 2022]DETERMINATION OF THE CAVITY VOLUME

0.5050 cm3 Free FEM++



MONTE CARLO MODEL OF THE ELEKTA VERSA HD
ACCELERATOR HEAD FOR SIMULATION OF 6 AND 10 MV 
PHOTON BEAMS (FLUKA CODE)



DETERMINATION 
OF PERTURBATION 

CORRECTIONS
– MONTE CARLO

[Szymko et al., 2022]

𝒇 = ത𝒔𝒈,𝒂 ∙ Τഥ𝝁𝒆𝒏 𝝆 𝒘,𝒈 ∙ 𝚿𝒘,𝒈 ∙

∙ 𝜷𝒘,𝒈 ∙ 𝒌𝒄𝒂𝒗 ∙ 𝒌𝒔𝒕𝒆𝒎 ∙ 𝒌𝒆𝒏𝒗 ∙

𝒌𝒘𝒊𝒏 ∙ 𝒌𝒓𝒏



DETERMINATION OF 
CORRECTION FACTORS 
– WATER PHANTOM 
MEASUREMENTS

6 and 10 MV

10 x 10 cm2

SDD = 100 cm

d = 10 g/cm2

𝒌𝒓𝒆𝒄, 𝒌𝒑𝒐𝒍, 𝒌𝑻𝒑, 𝒌𝒉



VALUES AND RELATIVE STANDARD UNCERTAINTIES OF ALL 
FACTORS INCLUDED IN THE ABSORBED DOSE TO WATER

MEASURED WITH GUM-DW3 IONIZATION CHAMBER

Physical
quantity

6 MV
Rel. std. 

uncertainty
(6 MV)

10 MV
Rel. std. 

uncertainty
(10 MV)

V[cm³] 0.5050 0.09 % 0.5050 0.09 %

Qcorr [nC] 16.2600 0.15 % 16.3000 0.10 %

krec 1.0015 0.08 % 1.0017 0.08 %

kpol 0.9985 0.06 % 0.9986 0.06 %

f 1.1031 0.20 % 1.1002 0.20 %

kh 0.9970 0.03 % 0.9970 0.03 %

kTp 1.0334 0.03 % 1.0225 0.03 %

Dw 99.81 0.29 % 99.95 0.26 %



COMPARISON OF THE GUM-DW3 EXPERIMENTAL IONIZATION 
CHAMBER AND A COMMERCIALLY AVAILABLE FARMER TYPE 
IONIZATION CHAMBER

𝜻 𝑫𝑮𝑼𝑴−𝑫𝒘𝟑 −𝑫𝑭𝒂𝒓𝒎𝒆𝒓 =
𝑫𝑮𝑼𝑴−𝑫𝒘𝟑 −𝑫𝑭𝒂𝒓𝒎𝒆𝒓

𝑼𝟐 𝑫𝑮𝑼𝑴−𝑫𝒘𝟑 + 𝑼𝟐 𝑫𝑭𝒂𝒓𝒎𝒆𝒓

≤ 𝟏

Beam

Energy

[MV]

𝑫𝑮𝑼𝑴−𝑫𝒘𝟑

[cGy]
U(𝑫𝑮𝑼𝑴−𝑫𝒘𝟑)

𝑫𝑭𝒂𝒓𝒎𝒆𝒓

[cGy]
U(𝑫𝑭𝒂𝒓𝒎𝒆𝒓)

𝑫𝑮𝑼𝑴−𝑫𝒘𝟑

/𝑫𝑭𝒂𝒓𝒎𝒆𝒓
𝜻

6 99.81 0.57% 99.87 2.92% -0.06% -0.04

10 99.95 0.53% 99.75 2.92% 0.20% 0.14

[Kacker et al., 2010]



CONCLUSIONS

THE GUM-DW3 EXPERIMENTAL CHAMBER CAN BE USED AS 
A PRIMARY STANDARD:

▪FOR THE DOSIMETRY OF THERAPEUTIC PHOTON BEAMS

▪FOR CALIBRATION OF REFERENCE DOSIMETERS IN 
HOSPITAL CONDITIONS



„Podstawy metrologiczne terapii z wykorzystaniem 
promieniowania jonizującego”

„Metrological basis of ionizing radiation therapy”
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