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Abstract: The purpose of the study is to evaluate the two dimensional dose distribution techniques in pituitary 

adenoma patient treatment in order to provide 2D dose coverage to the target volume while sparing organs at 

risk (OARs). The CT simulator was used to radiograph 300 patients of pituitary adenomas  to conform  2D dose 

distribution planning  inside the tumour bed , and its structures were delineated; including  gross target volume  

(GTV), clinical target volume (CTV), and planning  target volume (PTV)], as well as organs  at risks (OARs) . 

Dose distribution analysis was edited to provide 2D dose coverage to the target while sparing organs at risk. 

The main results of the study were,  2D dose distribution plans increases the unnecessary dose to the critical 

organs according to their geographical location from the pituitary adenoma site, and the present study , 

concludes that when the tumour dose increases from 45 to 55 Gy there is a linear proportional increment  of 

dose to the organs at risks, and when the dose is about 60 Gy in 2D, the increment of unnecessary dose to 

temporal lobe is 0.31 Gy, and to eye is0.34Gy, and to optic chiasm is 0.42 Gy respectively .New techniques, 

which will lessen the unnecessary dose to OARs, needed  to be developed . 

Keywords: 2D dose distribution, pituitary adenoma, organ at risks, clinical target volume, planning target 

volume.  

 

I. Introduction 
The pituitary gland is the maestro gland of the body system and it controls the activities of other glands 

in the body situated in sella turcica, and it is related to the critical organs of the brain such as: optic chiasma, 

temporal lobe, and eye. The pituitary gland has three parts, anterior, posterior, and intermediate lobes.  In 

general pituitary adenoma can be treated with (2D) dose distribution which has a function of two coordination of 

the depth (axis X) and the width along scan direction (axis Y) for each product to be treated in the irradiation 

facility, because2D technique is a method using in radiation therapy for cancer treatment; in which dose 

distributions are spatially represented by a source of radiation; therefore this describes the variation of dose 

within an irradiated target volume
 (1) 

. 

On the other hand, traditional isodose curve is a 2D representation of dose variation with position and 

within a beam along directions of both parallel and perpendicular to the beam‟s direction 
(2)

. However, two 

dimension techniques were associated with an increased risk of locoregional recurrence 
(3)

. But 2D technique is 

also used for post-operative lesions at high risk, recurrences. The delineation of target volume in 2D is critical, 

due to the proximity of organs at risk and a risk of late toxicity 
(4)

. Therefore, a two dimension margin can then 

be added to the resulting outline, so as to account for microscopic tumour spread, organ motion, and setup 

uncertainty 
(5)

. The two dimensional (2D) planning dose distribution calculations are faster and easier and can be 

performed by hand moreover is much less accurate 
(6)

.  

The 2D technique used in head and neck influences early and late complications 
(7).

This study will add a 

valuable method for clinical implementation of 2D techniques in the treatment of pituitary adenoma; and the 

result of this study the radiotherapy centers will look into this technique for clinical implication and open a 

further research in order to seek for a better treatment method for pituitary adenoma patients. The main 

objectives of this study are to evaluate the 2D dose distributions in both tumour bed and surrounding normal 

tissues, because treatment plan attempts dose distribution to be optimized for a clinical goal in a clinical 

situation.  Meanwhile the objective of radiotherapy is to treat patient with the best therapeutic ratio, in order to 

achieve highest local control and lowest toxicity to normal tissues. 

 

II. Materials And Methods 
The irradiation of treatment area control remains a significant problem in management of pituitary 

tumour, but the dose distribution of 2D in pituitary tumour will eventually provide an answer to the problem in 

management of pituitary tumour with the ability to deliver a dose to the target volume.  Therefore, the target 

volume should be covered by the 95% isodose; wherever, required and achievable, the minimum doses to 

critical organs without compromising the PTV coverage of at least 95% dose to 95% of PTV volume 
(8)

. 
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Furthermore, satisfactory CTV dosimetric criteria were selected to be a minimum CTV dose of 95% of the PTV 

dose and at least 95% of the CTV receiving 100% of the PTV dose 
(9)

.The total tumour dose for pituitary 

adenomas is 45and 50 Gy because these doses are below the tolerance of central nervous system neural tissue 
(10)

. The CT scans can provide sufficient discoveries of the pituitary adenoma size 
(11)

. Pituitary microadenomas 

appear lucent on computed tomographic (CT) images 
(12)

.  

 

II.1 Population and Sample 

The study sample represents 300 cases of pituitary adenoma with the mean and standard deviation (35 

± 2.32 respectively). Meanwhile, the samples of the study after the data collection were (female 178, and male 

122).    

Table .1 pituitary adenoma clinical correlation 

AGE 
SEX 

MEAN SD± 
M F 

10 ≤ 19 10 18 33.4 3.7 

20 ≤ 29 29 36 48.2 5.8 

30 ≤ 39 32 54 71 4.9 

40 ≤ 49 31 58 90 4.7 

50 ≤ 59 20 12 107.6 4.4 

TOTAL 122 178   

 

II.2 Instrumentation  

The CT simulator was used to radiograph case of pituitary adenoma; all patients were CT simulated 

after properly positioning and immobilization for2D plans inside the pituitary adenoma, and its structures were 

delineated; including the target volume, gross target volume (GTV), clinical target volume (CTV), and planning 

target volume (PTV), as well as organs at risk. Dose distribution analysis was also edited to provide 2D dose 

coverage to the target while sparing organs at risk. Plans were later evaluated and compare the dose distributions 

between PTV dose coverage to pituitary adenoma and OARs. And finally, the treatment was done with high 

energy Linear Accelerator Clinac 2300 CD Varian having 120 leaf millennium MLC was used for the delivery 

of treatments. 

 

III. Results 
The report of all references that we found to each dose limit in figures and tables , regardless of 

whether each author actually used the dose tolerance limit or not. These findings will deal with 2D dose 

distribution utilities in radiation therapy in which it has variables such as: temporal lobe, eye, optic chiasma. 

Then, the results are represented in a form of tables, and histograms. 

 

 
Figure 3.1(a) (a bar or histogram) shows the frequency distribution of the pituitary adenoma based on dose 

received by temporal lobe in 2D dose distribution. 

 
Figure 3.2(b) (a bar or histogram) shows the frequency distribution of the pituitary adenoma based on dose 

received by eye in 2D dose distribution. 
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Figure 3.3(c) (a bar or histogram) shows the frequency distribution of the pituitary adenoma based on dose 

received by optic chiasma in 2D dose distribution. 

In the Fig.(a, b, and c) mentioned above are plotted to show the distributions of patient‟s dose received 

by temporal lobe, eye, and optic chiasm in 2D dose distribution ;with a normal distribution curve over plotted as 

well as the mean and standard deviation. The results mainly confirm 2D dose distribution exposes the critical 

organs to higher doses of radiation, regardless to the variability of the tumour dose, pituitary size, and tumour 

sizes. Furthermore, two dimension images set accurate target volume delineation to minimize uncertainties that 

may affect the treatment 
(13)

.  

 
Figure 3-4 (d) scatter plot shows a direct linear relationship between the doses received by eye versus tumor 

dose using 2D dose distribution. 

 
Figure 3-5 (e) scatter plot shows a direct linear relationship between the doses received by eye versus tumor 

dose using 2D dose distribution 
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Figure 3-6 (f) scatter plot shows a direct linear relationship between the doses received by optic chiasma versus 

tumor dose using 2D dose distribution. 

 

In the Fig. (d, e, and f) mentioned above portrayed scatter plot between the tumour dose and the 

average dose received by temporal lobe, eye and optic chaisma in case of 2D dose distributions; the trend line 

demonstrate that there is a linear relationship between the tumor dose and the doses received by the critical 

organs, with a strong association judged by the adjustment of R
2
.however , there is a relationship between the 

average tumour sizes, and tumour dose where that shows a direct linear association; which explain the 

variability in tumour dose.  

 

III.1 Temporal Lobe 

The dose received by temporal lobe in average was 0.46±0.04Gy using 2D dose distributions, then , the 

results show that the dose received by temporal lobe was higher when the  2D distribution; this increment was 

obvious in respect to tumor dose where the dose in temporal lobe is linearly increased by 0.0052 Gy per unit of 

a tumor dose starting 0.2Gy as shown in figure 4.4(d) .Therefore this result proves that 2D dose distribution will 

increase the amount of radiation received by temporal lobe substantially, whenever  the total tumour dose 

increases from 45 Gy to 60 Gy; but  in case of 60 Gy the dose for temporal lobe increases to 0.31 Gy for 2D. In 

particular, , 2D dose distribution technique in the radiation therapy treatment induces temporal lobe necrosis 

(TLN) hence becomes a common late damage that adversely affects the quality of life
(14)

. However, the hearing 

loss and facial weakness is a function of cranial nerve damage due to radiation dose escalation to the 

surrounding tissues
(15)

. Nevertheless, temporal lobe contains rich networks of other sensitive structures that are 

at risk after radiotherapy and that may contribute to toxicity afterward.  Therefore, this result dictates the 

following: since the tumour dose ranges from 45 to 60 Gy, 2D technique is not an ideal treatment for pituitary 

adenoma, because it does not prevent unnecessary dose to adjacent tissues. In addition, these findings can be 

used clinically in order to find more suitable and safe for a pituitary adenoma patients treatment while sparing 

surrounding normal tissues with unnecessary radiation
(16)

.  

 

III.2 Eye  

Concerning the dose received by eye in average was 0.3±0.02 Gy using 2D dose distributions, then the 

results show that the dose received by eye was higher in 2D distribution; this increment was obvious in respect 

to tumor dose where the dose in eye is linearly increased by 0.0003Gy per unit of the tumor dose starting from 

0.3Gy as shown in Figure 4.5(e). Therefore, this result also proves that 2D dose distribution will not reduce the 

amount of radiation to the eye substantially, even if the total tumour dose increases from 45 Gy to 60 Gy, but in 

case of 60 Gy the unnecessary dose reaching the eye will be 0.34 Gy for 2D. In  addition, , the risk of central 

nervous system toxicity to doses less than 50 Gy at 2 Gy per fraction is low, with a reported incidence of optic 

neuropathy resulting in visual deficits of 1-5%, and a risk of necrosis of normal brain structures of 0-2%
(17)

. 

However, visual loss is associated with a mass lesion; the cause may interfere with the function of the optic 

apparatus. Generally the dose reaching the eye should be less than 2 Gy. Thus, 2D techniques do not accomplish 

the aim of avoiding the eye with unnecessary radiation. These findings can be used in order to seek for better 

alternative treatment modalities for pituitary adenoma which will avoid the surrounding tissues from 

unnecessary radiation to the eye glob
(18)

. 
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III.3 Optic Chiasma 

The study findings shows that, the dose received by optic chiasma in average was 0.42±0.015Gy when 

using 2D dose distributions, and this results show that the dose received by optic chiasm was higher if 2Ddose 

distribution is used; this increment was obvious in respect to tumor dose when the dose in optic chiasma is 

linearly increased about 0.0002Gy per unit of tumour dose starting from 0.2Gy as shown in 4.6 (f). Therefore, 

this result proves that 2D dose distribution will not reduce the amount of radiation to the optic chiasma 

substantially even if the total tumour dose increases from 45 Gy to 60 Gy, where in case of 60 Gy the dose for 

optic chiasma was 0.4196 Gy for 2D dose distribution.  Therefore, radiation toxicity in the optic chiasm 

attributed to dose received by the optic chiasma where the risk of toxicity is markedly increased at doses less 

than 60 Gy at 1.8 Gy/fraction as well as at less than 12 Gy for single-fraction
(19)

. The evidence is strong that 

radiation tolerance is increased with a reduction in the dose per fraction. While, the maximum radiation dose to 

the optic nerve was 10 Gy range from 0.4 to 16.0 Gy
(20)

. However, the 2D planning dose distribution calculation 

is faster and easier and can be performed by hand moreover is much less accurate. Meanwhile, , radiation 

toxicity of the optic nerves and chiasm to dose and dose-volume measures was markedly increased at doses 

higher than 60 Gy. The strong evidence shows that radiation tolerance increases with a reduction in dose per 

fraction.  These findings can be used in order to seek for better alternative treatment modalities for pituitary 

adenoma which will avoid the surrounding tissues from unnecessary radiation reaching the optic chiasma
 (21).

 

 

IV. Conclusion 
In this study, it is concluded that the current method of pituitary adenoma treatment by means of 2D 

dose distribution plan is not adequate from preventing surrounding tissues to unnecessary dose. New technique 

of dose distribution for 2D that  will cover the pituitary adenoma cases in treatment without reaching radiation 

to organs at risk (OARs) needs to be developed. 
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