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1. Introduction

Radiotherapy aims to give the prescribed dose to the tumor and to protect as
much as possible to organs at risk and surrounded healthy tissue. The radiothe-
rapy nowadays, together with chemotherapy and surgery, is a way to treat the
patients who have different kind of tumors [1].

Prostate cancer is the leading cancer in men after the age of 50, which is a real

public health problem. According to the data of 2005 cancer registry of the Rabat
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region (RECRAB), prostate cancer is the second most common cancer in men
after lung cancers with standardized incidence to the world population.
Ten-year’s US data from the SEER program show relative survival of 91.7% [2].

Prostate cancer has reported either an increased risk of secondary malignancies
or no relation to estimate the secondary cancers risk after radiotherapy and neg-
ligible risk of secondary malignancies after radiotherapy from other previous re-
view where it is important for both patients and physicians to consider the risk [3].

Radiotherapy has an important role in the treatment of prostate cancer.
Three-dimensional conformal radiation therapy (3D-CRT), intensity modulated
radiation therapy (IMRT) and volumetric modulated arc therapy (VMAT) tech-
niques are all applied for this purpose [4].

The importance of dose escalation for tumor control in the management of
localized prostate cancer after External beam radiotherapy (EBRT) as a definitive
treatment has been shown in numerous trials where by increasing the radiation
dose then the developing complications caused by injury to organs at risk (blad-
der, prostatic urethra and rectum) also increase [5].

Rotation Therapy technique or ARC therapy is the treatment delivery whereas
gantry rotates around the patient, it looks like an infinite extension of the mul-
tiple-field technique. The most useful of this technique is when applied to small,
symmetric, deep-seated tumors and limited to the treatment of centrally located
lesions (Ze., an equal amount of tissue in all directions around the lesion). To
reduce dose to critical normal structures one or more sectors of a 360-degree ro-
tation are skipped then the high-dose region is shifted away from the skipped
region. ARC therapy dose distributions are not very sensitive to the energy of the
photon beam [6].

Intensity-modulated radiotherapy (IMRT) has shown to significantly reduce
acute toxicity rates compared with what has been observed with 3D-CRT [7].

Intensity modulated radiation therapy allows conformity to the tumor while
saving the adjacent normal structures. IMRT generates high gradient doses on
the target, with rapid drop in the latter to the level of normal structures, result of
IMRT technique requires extremely high precision in treatment but with very
minor positioning errors can affect the target cover and increase the dose to or-
gans at risk (OARs] [8].

Is It expect that 220,800 new cases of prostate cancer and around 27,540 deaths
from estimation at 2015. Prostate cancer is the second most common cancer and
the second leading cause of cancer death for men in the United States. External
beam radiation therapy is commonly used to treat prostate cancer. Studies have
shown the benefits of 76 Gy or higher conventionally fractionated treatments, al-
though there is a substantial risk of gastrointestinal toxicity, particularly stemming
from the rectum dose. In these cases, radiation doses better conforming to the

prostate are necessary to reduce possible rectal complications [9].

2. Material and Methods

Fifteen patient in this study suffering from early stage of prostate cancer, Selec-
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tion process based on low staging T1-T2a and PSA < 10 ng/mL and GS 6, Age

range from 51 - 69 and ECOG Performance Score for patients was 0 - 1.

2.1. Acquisition and Simulation

All patients underwent a computed tomography (CT) scan with 2 mm slice thick-
ness. After the patients scanning the CT images has transferred to focal contouring
system to delineate Target volume and organs at risk on the CT images on each

axial slice then CT slices were transferred to treatment planning system.

2.2. Planning Systems and Radiotherapy Machine

Computerized Medical Systems (CMS) Inc.’s (St. Louis, MO) XiO software re-
lease 4.64 that incorporates modern dose calculation algorithms for dose calcu-
lation was used to plan cancer patients using Siemens Artiste linear accelerator,
(was used in this work. It is a multienergy machine) 6 and 15 MV operating up
to 900 MU/min

Selected fifteen patients with early stage of prostate cancer to be planned with
3DCRT, ARC and IMRT. The tolerance level for OARs According to the Radiation
Therapy Oncology Group (RTOG) protocol 0126. The beam arrangement was de-
termined by the size and location of the tumor for 3DCRT, ARC plans and IMRT
plans. Prescription dose and normal-tissue constraints were identical for the
3DCRT, ARC and IMRT plans. The total prescription dose to the PTV was 76 Gy

delivered in 38 fractions at 2 Gy per fraction treating daily, five days per week.

2.3.3D-CRT, ARC and IMRT Technique

For the three techniques we used different beam arrangement, energy and num-
ber of beams depending on the recommendation for each technique to give bet-
ter coverage and spare for organs at risk. 3D-CRT, ARC and IMRT data are dis-
played in Table 1.

2.4. Treatment Planning Evaluation

The new treatment planning systems have many tools for qualitative and quan-
titative evaluation of the treatment plans. The visual slice-by slice review of the
treatment plans using isodose lines distribution can be used as a qualitative
evaluation for the treatment plans. The qualitative evaluation is important to
know the location of the hot and cold areas in the treatment plans. The quantitative
evaluation included the maximum, minimum, mean doses, the dose volume histo-

grams (DVHs) and several indices. Dose Volume Histogram (DVH) was generated

Table 1. To describe 3D-CRT, ARC and IMRT Technique.

Technique 3D-CRT Arc therapy IMRT
Energy 6 and 15 MV 15 MV 6 MV
No of beams 6 fields 2 arcs 7 fields

Beam arrangement 4 oblique and 2 lateral ~ 2 oblique  spread around target with equal space
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to evaluate the dose to the different structures in different treatment plans.

1) Dose Volume Histogram was generated to evaluate the mean dose to OARs
and tolerance dose according to the Radiation Therapy Oncology Group
(RTOG) protocol 0126 dose for rectum, bladder, left and right femoral head.

2) Cancer risk models for Radiation-Induced Cancer, The radiation risk mod-
el developed by ICRP Publication 103 for use in its recommendations. Excess
relative risk (ERR) and Excess absolute risk (EAR) models were developed for

cancer incidence and mortality incidence as a function of age at exposure.

ERR = fsD- exp[;/(e -30)+7n 10g(a/70)}

EAR = BsD-exp| y (e -30)-nlog(a/70) ]

where fsis referred to S male or ffemale which means sex specific estimation of
ERR per Sv. D = mean organ dose (Sv), e = age at exposure (years) and a = at-
tained age (years), The coefficients  male, f female, y, 77, are given in tables
4.2 and 4.3 of ICRP Publication 103 in terms of cancer incidence [10].

It’s a dosimetric study so there is no follow up taken to check difference be-

tween plans.

3. Results and Discussion

Estimation of second cancer risk calculation based on equivalent dose calcula-
tion from mean absorbed dose for fifteen patients with early stage prostate can-
cer with three different plans (3DCRT, Arc and IMRT) for rectum, bladder, left
and right femoral head.

3.1. Absorbed Dose (Gy)

The mean dose in Gy and the SD for 3D-CRT for rectum, bladder, left and right
femoral head for 3D-CRT were (38.08 + 4.6), (44.33 * 5.45), (25.39 *+ 3.73) and
(26.72 + 4.01), respectively, For ARC (39.23 * 4.44), (46.23 + 5.41), (34.39 +
3.78) and (32.55 * 3.98), respectively and For IMRT, the doses were ((31.47 +
3.99), (38.01 + 5.12), (25.1 * 3.62) and (23.64 * 4.5), respectively. Figure 1
shows average absorbed doses in rectum, bladder, right femoral and left femoral
for 3D-CRT, ARC and IMRT technique.

The mean doses of the rectum, bladder were found to be significantly lower in
IMRT plans Than 3DCRT plans and ARC plans with P < 0.0000239 for rectal
mean dose, P < 0.0003229 for bladder mean dose. However, IMRT technique
produced significantly lower mean dose for both the left and right femoral head
than ARC with P < 1.7602E-07 and P < 3.6482E-06 for left and right femoral
mean dose respectively but not significant in 3DCRT technique mean dose with

P < 0.8288 mean dose for left femoral and P < 0.06 for right femoral mean dose.

3.2. Excess Relative Risk (ERR)

Figures 2-5 represent the Excess relative risk for rectum, bladder, left and right
femoral head between 3D-CRT, ARC and IMRT as a function of age at exposure
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Figure 1. Average absorbed doses in rectum, bladder, right femoral and left femoral for
15 prostate patients treated using 3D-CRT, ARC and IMRT technique.
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Figure 2. The excess relative risk with age of exposure for rectum in 3D-CRT, ARC and IMRT.
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Figure 3. The excess relative risk with age of exposure for bladder in3D-CRT, ARC and IMRT.
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Figure 4. The excess relative risk with age of exposure for left femoral in 3D-CRT, ARC and
IMRT.
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Figure 5. The excess relative risk with age of exposure for right femoral in 3D-CRT, ARC and
IMRT.

Table 2. P-value for ERR model for second cancer risk in 3D-CRT, ARC and IMRT.

OAR/P-Value ERR 3D-ARC 3D-IMRT ARC-IMRT 3D-ARC-IMRT
Rectum 0.938422098 0.638841341 0.584693318 0.84180342
Bladder 0.902337661 0.732201958 0.643341806 0.891823405

Left femoral 0.349662023 0.987755437 0.430102543 0.513184744
Right femoral 0.567978178 0.703954285 0.361927763 0.627631072

and by putting attained age 70 years old.

From Figures 2-5 we notice that Excess relative risk for OARs (rectum, blad-
der, left and right femoral head) decrease with increasing age of exposure and
from Table 2 we conclude that there is no significant difference for ERR model
for second cancer risk in 3D-CRT, ARC and IMRT.
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3.3. Excess Absolute Risk (EAR)

Figures 6-9 represent the Excess Absolute Risk (EAR) for rectum, bladder, left
and right femoral head between 3D-CRT, ARC and IMRT as a function of age at
exposure and by putting attained age 70 years old.

From Figures 6-9 we notice that Excess Absolute Risk for OARs (rectum,
bladder, left and right femoral head) decrease with increasing age of exposure
and from Table 3 we conclude that there is no significant difference for EAR
model for second cancer risk in 3D-CRT, ARC and IMRT.

VMAT technique in published dosimetric studies has allowed coverage of
target volumes, acceptable and comparable to that introduced by conventional
IMRT using fixed or stationary fields [2] [11] [12].

In Palma et al study Significant reduction of the dose to OAR by VMAT and
IMRT compared to 3D conformal radiation therapy, where lowest doses with
VMAT [2] [13].
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Figure 6. The excess absolute risk with age of exposure for rectum in 3D-CRT, ARC and IMRT.
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Figure 7. The excess absolute risk with age of exposure for bladder in 3D-CRT, ARC and IMRT.
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Figure 8. The excess absolute risk with age of exposure for left femoral in 3D-CRT, ARC and
IMRT.

Right femoral EAR
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

51 52 54 54 56 58 60 61 63 63 66 66 67 68 69
——3D-CRT ———ARC ——IMRT

Figure 9. The excess absolute risk with age of exposure for right femoral in 3D-CRT, ARC and
IMRT.

Table 3. P-value for EAR model for second cancer risk in 3D-CRT, ARC and IMRT.

OAR/P-Value EAR 3D-ARC 3D-IMRT ARC-IMRT 3D-ARC-IMRT
Rectum 0.700336181 0.740300577 0.700336181 0.91786803
Bladder 0.860662687 0.608703751 0.495337059 0.778172868

Left femoral 0.451481579 0.979601048 0.464576901 0.65188177
Right femoral 0.647153374 0.783297092 0.482737303 0.755544233

Memorial Sloan Kettering Cancer Center comparative study reported a sig-
nificant reduction of the dose to the rectum also the doses to the bladder and the
femoral heads were also reduced but not significantly. Similar results by Hard-
castle et al, that VMAT versus IMRT reduces doses to the rectum and therefore
a lower rectum-NTCP [2] [14] [15] [16].
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Murray et al. [17] investigated that SPC risk from modern EBRT by compar-
ing: 3D-CRT, IMRT, volumetric arc therapy (VMAT), and stereotactic ablative
radiotherapy (SABR), the excess absolute risks have been determined for
out-of-field organs, organ equivalent dose calculations and a linear model was
employed for the estimation of the excess absolute risk. 3D-CRT Compared to
both IMRT and VMAT showed an increased risk in several out-of-field organs,
by up to 26% and 55%, respectively. The absolute risks were low for all irradia-

tion methods, and so were the absolute differences among technique [18].

4. Conclusions

The results showed mean doses of the rectum, bladder with IMRT lower than
3DCRT plans and ARC therapy plans. But for femoral heads mean dose with
IMRT is lower than rotational but not in 3DCRT technique.

The second cancer risk models (ERR and EAR) for OARs decrease with in-
creasing age of exposure for 3D-CRT, ARC and IMRT and there is no significant
difference for ERR and EAR model for developing second cancer risk in
3D-CRT, ARC and IMRT.
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