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Abstract

The general objective of this study was to evaluate pituitary adenoma treatment with
radiotherapy modalities that will lead to escalate radiation to the surrounding normal
tissues causing complications. The sample of the study consists of 300 patients; with age
ranging from 17 to 57 years old. The CT simulator was used to collect data in order to
delineate pituitary adenoma including growth target volume (GTV) and planning target
volume (PTV 95%) as an isodose surface for treatment in order to obtain dose
distribution in 3D dose coverage to the target while sparing organs at risks. The result of
this study showed that, the pituitary adenoma treatment was a subject of researches
likely many scholars findings show the complications occurred during the treatment with
radiotherapy without mentioning the suitable technique to reduce radiation the
surrounding tissues in accordance to this study findings shows the 3D dose distribution
technique reduces the unnecessary dose to the surrounding tissues (temporal lobe, optic
chiasm, eye) ; 3D dose distribution is safe to the target volume, while the average dose
reaching the organs at risks were as follow: temporal lobe 1.14 Gy, eye 0.86 Gy, and

optic chiasm 0.95 Gy more than a 2D dose distribution during the treatment.
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Chapter One
Introduction

1.1 Anatomy of Pituitary

The pituitary gland is the maestro gland of the body system and it controls the activities
of other glands in the body. Furthermore, is situated anatomically in the center of the
brain over a sella turcica of the sphenoid bone at the base of the skull. It is related to the
critical structures of the brain such as optic chiasm, cavernous sinus, carotid artery, and
cranial nerves. The pituitary gland as a maestro gland it has three anatomical sections, the

anterior lobe, the posterior and intermediate lobe (Amar et al., 2003).

Pituitary adenomas in childhood and adolescence constitute 2-6% of all operated pituitary
adenomas. All patients were older than 10 years of age; 60% were males. In 50% the
initial complaints, according to hormone measurements and immunostaining 50% were
prolactinomas, 20% were pure GH-secreting and 30% were non-functioning adenomas.
In conclusion, pediatric adenomas occur mostly in pubertal age, are prevalently

macroadenomas and clinically functioning (De Menis et al., 2001).



Figure 1.1 Sagittal T1-weighted MRI with high signal in the pituitary adenoma mass,
suggesting pituitary’

The anterior lobe originated from the roof of the mouth; the posterior lobe originated
from the diencephalon to the brain by an infundibular stalk. The stalk contains a fiber
tract of axons from neurons in the paraventricular and supraoptic nuclei. Moreover these
neurons produce oxytocin and vasopressin and transport them to the posterior lobe, where
they are released into the capillary bed (Childs, 2009). The blood supply to the anterior
lobe is from superior hypophyseal arteries, and the one to the posterior lobe is from the
inferior hypophyseal arteries (Tammy et al., 2004a). In addition (Yeung et al.,2006 )

claimed that the lobes of pituitary gland have their hormones.

‘(Elsevier, 1st ed, 2012, Molecular Pathology of Pituitary Adenomas, pp.12).



Therefore, the anterior lobe is responsible for growth, development, homeostasis,

metabolism and reproduction.

1.2 Physiology

The pituitary gland is divided into three sections; the anterior lobe which constitute the
majority of the pituitary mass and is composed primarily of five hormone-producing cell
types (thyrotropes, lactotropes, corticotropes, somatotropes and gonadotropes) each
secreting thyrotropin, prolactin, ACTH, growth hormone and gonadotropins
(FSH and LH) respectively. There is also a sixth cell type in the anterior lobe-the non-
endocrine, a granular, and folliculostellate cells. The intermediate lobe produces
melanocyte-stimulating hormone and endorphins, whereas the posterior lobe secretes
anti-diuretic hormone (vasopressin) and oxytocin (Ooi et al, 2004). Meanwhile, disorders
of the pituitary are predominately those of insufficient hormone release and may have
profound effects on the neonate. The potential causes of and clinical symptomatology
that may accompany pituitary hormone insufficiency in the neonatal period are explored

(Dorton et al, 2000).



1.3 Etiology of Pituitary Tumors

The sellar region is the site of frequent pathology. The pituitary is affected by a large
number of pathologic entities arising from the gland itself and from adjacent anatomical
structures including brain, blood vessels, nerves, and meninges. The surgical pathology
of this area requires the accurate characterization of primary adenohypophysial tumors,
craniopharyngiomas, neurologic neoplasms, germ cell tumors, hematologic malignancies,
and metastases as well as nonneoplastic lesions such as cysts, hyperplasias, and
inflammatory disorders (Sylvia and Asa, 2008a).

Pituitary tumors, often called adenomas, are among the most frequent intracranial tumors
(10-15%) after meningiomas and gliomas (Saeger et al., 2007). However, the true
incidence of pituitary adenoma is difficult to establish with certainty.
(McNicol et al, 2007) confirmed that, the cause of pituitary adenoma is unknown; some
tumors are part of other endocrine disorders and are associated with genetic changes
these can be inherited. Tumors can also be as a result of exposure to radiation. In some
cases the DNA changes may occur for no known reason. However, clinically some are
associated with familial-isolated tumoral syndromes; familial pituitary adenomas are now
thought to account for 5% to 8% of all pituitary tumors. Otherwise,
(Tammy et al, 2004b) points out , the neoplasms cases represent about 10% of all

intracranial tumors although small, asymptomatic adenomas appear in approximately



25% of all pituitary glands. With the increasing quality of diagnostic studies, these

pituitary neoplasms are now estimated to account for 30% of all intracranial tumors.

Pituitary adenomas can be classified as functioning or nonfunctioning, as related to the

hormones they produce.

In other perspective (Appelman et al, 2011) had highlighted that, the prevalence of

hypopituitarism normally occurs in patients after cranial radiotherapy for nonpituitary

tumors. Therefore, all patients treated by cranial radiotherapy should have structured

periodical assessment of pituitary functions. Furthermore,  (McDowell el al, 2011)

reported that , the pituitary adenomas incidence vary widely, suggesting that incidence

rates generally increased with age and were higher in females in early life and higher in

males in later life. In the same reason, (Rostad et al., 2012) emphasized that; pituitary

adenomas are relatively common neoplasms, whose pathogenesis is still poorly

understood.

The frequency of pituitary adenomas varies greatly according to age and sex. The various

adenoma types have their peak occurrence in different age groups and in their female-to-

male ratios. (Mindermann,1994).

The prevalence of pituitary adenomas is aboutl6.5% and the majority of them are

"incidentalomas”, the hormonal evaluation of pituitary adenomas is different from the



type of peripheral endocrine organs. (Mezosi, 2009).In addition, (Caloo et al., 2010),

declared that, some specific genes haves been identified that are rarely predisposed to

pituitary adenoma. Prolactinomas are adenomas associated with increased PRL levels

usually above 100 ng/ml; the serum PRL levels usually correlate with the tumor size

(Colao et al., 2004). PRL-producing tumors show the highest incidence among pituitary

adenomas in childhood and adolescence (Colao et al., 1998). On the other hand,

(Ostrom et al., 2012) justified that; benign brain tumor may have an association with

family history of cancer.

1.4 Diagnosis of Pituitary Tumors

Pituitary adenomas are benign neoplasms that can be effectively managed by a variety of

therapeutic options. Standard diagnostic interventions include MRI, hormonal

assessment, and tissue diagnosis (Buatti, 1997). MRI of the pituitary gland must be

technically optimal; analysis of the images has to be directed by clinical and biological

data (Bonneville et al., 2005)

The diagnosis of pituitary adenomas (Munir, 2011) highlighted that, CT typically shows

an enlarged sella turcica containing a cystic mass, which can be either hypodense or

isodense with brain. MRI is better than CT in determining the extent of the cyst and its



exact relationships to the optic nerves, optic chiasm, and hypothalamus. MRI shows a

round or ovoid mass lesion in the sella, sometimes extending to the suprasellar cistern.

In addition, (Jacques et al., 2003) confirmed that, the evidence of bony metastasis may be

found on skull x-ray; and Magnetic Resonance Imaging cannot be relied on to

differentiate between pituitary adenoma and metastases with any certainty. The

commonest disorder is the pituitary adenoma, a lesion that is increasingly recognized as a

highly prevalent finding. A recent meta-analysis has shown that the postmortem

prevalence of pituitary adenoma is 14.4% and that radiologic studies identify a lesion

consistent with pituitary adenoma in 22.2% of the population, providing an overall

estimated prevalence of 16.9%. Although many of these lesions are considered to be

incidental findings, many have unrecognized impact on fertility, longevity, and quality of

life, and their clinical significance is increasingly gaining attention (Sylvia, 2008Db)

(Mayr et al., 1993) suggested that, the definitive diagnosis depends on the histological

identification of the tumor found at surgery. Pituitary metastasis is an uncommon

diagnosis. It occurs most frequently in the older patient in whom metastatic disease is

most common. Furthermore, half of all pituitary MRI scans performed in a large patient

population yielded no visible lesion. Nonadenomatous pituitary lesions should be



considered in the diagnosis of sellar masses observed on MRI, and a high clinical

suspicion is required to exclude the presence of a nonfunctioning pituitary adenoma.

For this reasons (John et al., 2009) declared that a three dimension model of the patient's

external contour was obtained from planning Computed Tomography data. The computed

tomography (CT) and magnetic resonance imaging (MRI) data of 40 consecutive patients

with pituitary adenoma were used to construct 3D models to be used in

(Prabhakar et al., 2009). Males are diagnosed with larger tumors on average than females.

Diagnosis may be delayed for males, giving tumors a chance to grow larger before

clinical detection.

1.5 Prognosis of Pituitary Tumors

The prognosis of pituitary tumor depends on the type of adenoma and combination of

other factors, indicating the extent of abnormalities , the success of the treatment in

normalizing endocrine activity , the morbidity caused by the treatment , and the

effectiveness of the treatment in preventing a recurrence (Tammy et al, 2004c). Prognosis

IS very poor with approximately 66% mortality in the first year of diagnosis

(Oh et al, 2012).

The pituitary adenomas present with a variety of clinical endocrine manifestations and

arise rarely as part of hereditary genetic syndromes. Molecular analysis of pituitary



adenomas has provided significant insight into pituitary tumorigenesis. Some specific

genes have been identified that are rarely predisposed to pituitary neoplasia. The possible

activities involve abnormalities in signal transduction pathways, cell cycle regulators,

growth factors, chromosome stability and can be evaluated in the clinical significance of

genetic alterations and their implications for patient prognosis (Colao et al, 2010). The

significant prognostic factors are related to recurrence of brain tumors are tumor diameter

and radiation dose (Kobayashi et al, 2012).

1.6 Tools of Treatment

The radiation therapy (treatment with ionizing radiation) has been improved rapidly in

the last decade due to new technologies (imaging, computer technology, software,

organization) and the radiotherapy process regarding the external radiation is considered

as one of the most important tools of cancer treatment (Seegenschmiedt et al., 2012). The

further development of radiotherapy is therefore concerned with improving conformation

of high dose regions to the tumor regions with the highest possible precision and at the

same time reducing the dose of radiation to the surrounding normal tissue. Meanwhile

radiotherapy is the use of high energy x-rays to destroy tumor cells whilst doing as little

harm as possible to surrounding normal cells (Thwaites et al., 1995). Advances in

computer software technology have led to enormous progress that has enabled increasing



levels of complexity to be incorporated into radiotherapy treatment planning systems

(Noda et al., 2009a).

The successful radiation treatment of cancer depends vitally on knowledge of the precise

amount and location of radiation given to a patient and the opportunity for therapists to

exchange this information and the results achieved. As far as radiation measurement is

concerned, the ICRU (Reports, 50 (1993), 62 (2001, 2012)) published several early

reports recommending dosimetry protocols for photon and electron-beam therapy.

However progress in radiation therapy requires the ability to compare clinical results

achieved in different centers using different radiation modalities and protocols. Thus a

common language for reporting fractionation schedules, doses, and techniques is required

for optimum treatment. The ICRU has devoted considerable effort in that direction.

Report 50 (1993) on Prescribing, Recording, and Reporting Photon-Beam Therapy

provides appropriate guidance for defining tumor, target and planning volumes and gives

recommendations for complete reporting of photon treatments. In addition to that

(William, 2005) confirmed that, the external photon beam radiotherapy is usually carried

out with more than one radiation fields in order to achieve a uniform dose distribution

inside the target volume and as low as possible a dose in healthy tissues surrounding the

target. The ICRU report 50 recommends target dose uniformity within +7% and -5% of

the dose delivered to a well-defined prescription point within the target.

10



1.7 Method of Localization for Target Volume

In radiation therapy, the accuracy of dose absorbed to a patient plays an important role
for treatment outcome (Mika, 2011). Treatment with 3-dimensional conformal
radiotherapy is a suitable non-surgical option for patients with pituitary metastases
(Turaka et al., 2012). Based on the practical experience reported here, 3-D conformal
radiotherapy allowed dose escalation without excessive toxicity (Hidetsugu et al., 2010).
In another perspective advances in computer software technology have led to enormous
progress that has enabled increasing levels of complexity to be incorporated into
radiotherapy treatment planning systems. Because of these changes, the delivery of
radiotherapy evolved from therapy designed primarily on plain 2-dimensional X-ray
images and hand calculations to therapy based on 3-dimensional images incorporating
increasingly complex computer algorithms in the planning process (Noda et al., 2009b).
Furthermore, developments in radiation therapy over the past decade have resulted from
increased accuracy of imaging and highly conformal 3- dimensional treatment planning
and delivery of radiation therapy. 3-dimensional conformal radiation therapy (3D CRT)
with higher doses than previously considered tolerable is now standard for many types of

cancer (Cox, 2003).

The 3D technique concentrates the radiation in the treatment area and spares the normal
surrounding tissues. Cure rates are increased due to the fact that higher doses can be

11



applied to the tumor area without a corresponding increase in side effect. However; 3-

dimension conformal radiotherapy (3DCRT) is safe and effective for pituitary adenomas.

The application of two dimension (2D) and three dimension (3D) target volume

localization for pituitary gland and the differences between them and their modes of

dose distribution, can be measured with the accuracy of the conformal radiotherapy of

dose distribution inside the tumor volume and critical organs in controlling of head and

neck tumor ; in order to assess the loco-control tumor region and compare both two and

three dimensions target localization, to the planning treatment volume definition in the

treatment planning for conformal radiotherapy of pituitary tumors. Meanwhile, in

radiotherapy treatment planning the term of two dimensions and three dimensions give

the method of treatment dose distribution in the bed of tumor (Purdy,1998;2008). In

addition, 3D technique for conformal therapy improves the locoregional control rates of

patients compared with the 2D technique (Laurence, 2011).

The conventional radiotherapy improves loco-regional control in head and neck

squamous cell carcinomas (Anderson et al., 1999). A less toxic scheme should, however,

be investigated and documented before using accelerated radiotherapy as a standard

regimen of curative radiotherapy for head and neck cancers. The conventional

radiotherapy of head and neck estimates to extent that the total radiation treatment time

influences early and late complications (Feuvret et al., 2004; 2006). Recent advances in
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software and radiological imaging have opened the way to the development of a new

treatment modality called conformal radiotherapy. This relies upon three dimension (3D)

planning capabilities that offer advantages over conventional methods two dimension

(2D) planning (Prabhakar, 2009). As it is now possible to visualize the part of the body to

be treated in three dimensions (3D), tumors can now be identified with greater precision,

and the technical aspects of treatment planning have been improved (Michalski, 1998).

1.8 Definition of Terms

The evaluation of target volume localization and dose estimation for pituitary gland two

dimensions and three dimensions is the best tools technique for head and neck tumor

treatment; because brain tumor is more complicated due to the nature of its cells

sensitivity. Moreover, especially if the treatment dose is not perfectly directed to the bed

of tumor; as far we are concern with the accuracy in treatment of pituitary tumor in order

to shrink the tumor without reaching the radiation toxicity to the surrounding critical

organs at risk. Nevertheless, that will require the evaluation of target volume as defined

in the ICRU-50 (1993) report “the volume enclosed by an isodose surface, selected and

specified by the radiation oncologist as being appropriate to achieve the purpose of

treatment”. In addition, for these both treatment techniques of two dimensions and three

dimensions there are differences between them; you can notice that in the 2D technique the
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distribution of dose inside the tumor it has a certain criteria which may lead treatment policy

to not spare normal tissues.

In contrary the 3D technique, the treatment dose is focussed on the tumor bed and the

surrounding normal tissues are spared. In these method of treatment techniques, this

research will try to estimate the dose distribution between 2D technique and 3D technique

inside the tumor bed of pituitary adenomas by using head and neck radiographs whether

from CT scanner or MRI scanner, and  analyse the results of estimations for both

techniques 2D and 3D in order to figure out the characteristics of each for the best use of

pituitary tumor treatment achievement in all radiotherapy centres.

1.9 Statement of the Problem

The problem of this study is to determine the control of a significant problem in

management of pituitary tumor treatment, in dose distribution of 2D and 3D conformal

radiotherapy (CRT) in pituitary tumor, which, will eventually provide an answer to the

problem in management of pituitary tumor with the ability to deliver optimized radiation

conformation to the target volume. Moreover ,the CRT is important to define clinical

needs for geometrical tumor control and it may offer an advantages at tumor sites where

an existing local control of tumor is poor , or the dose —response curve is steep for

specific tumors, and the dose is compromised by proximity of organs at risk such as

optic chiasm , temporal lobe , and eye dose in conformity with treatment line point doses
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and given dose by using 2D and 3D techniques to estimate the dose distribution inside
the bed of pituitary tumor. In the retrospective study (Lucie et al., 2012) confirms that
radiotherapy is efficient in treating optic nerve sheath meningioma. Long-term visual
outcome may be compromised by radiation-induced side effects. Mean eye dose has to be

considered as a limiting constraint in treatment planning.

1.10 Research Questions or (Null) Hypotheses

This research will formulate questions or (Null) hypotheses which will be the core of the

study in order to find the answer for them:-

1.11 General Objectives

The general objective of this study was to evaluate the localization of target and dose
estimation for Pituitary adenoma using 2D and 3D in order to study the impact of these

techniques on the surrounding critical organs.

1.11.1 Specific Objective

1. To estimate the dose in the eyes, optic chiasm, and temporal lobe

2. To evaluate the treatment lines in given dose of each of 2D and 3D

3. To estimate the dose distribution in 2D and 3D

4. To evaluate the tumor bed coverage of the 2D and 3D target localization to the

Planning Target Volume definition in the treatment planning
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1.11.2 Significant of the Study

This study is going to add a new innovation for the implementation of conformal
radiotherapy perfectly and in a scientifically way within the different radiotherapy centers
in Africa and particularly at Radio-Isotopes Centers (RICK) in Khartoum, Sudan ; and it
will provide further insights and reveal the potential of this approach for establishing
conformal radiotherapy outcomes in the future. As far as this research is concern it will
open a door and provides so many channels for the application of this new technique in
the continent , which will be considered to be a core for future scientific researches in
both theoretical and practical in the continent , in addition to that, this study will be
considered to be the first specialized topic conducted in order to evaluate between two
treatment techniques 2D and 3D treatment line basing on their dose distribution in the
pituitary tumor bed region with conformal radiotherapy technique. In addition,
(Mellstadt, 2006), confirmed that the coming decades will bring dramatic increases in
morbidity and mortality from cancer in the developing world. The burden of cancer is
increasing globally, with an expected 20 million new cases per year in 2020, half of
which will be in low- and middle-income countries. Despite an already overwhelming
burden of health problems, developing countries must somehow address this cancer

pandemic and their alarming share of cancer illness.
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1.12 Organization of the Study

This study falls into five chapters, with chapter one is an introduction, which included a
brief introduction to radiation therapy, problem and objective of the study as well as the
importance of the study in term of output. While chapter two it is a literature review and
related articles, which includes a comprehensive coverage of the previous study dealing
with problem under the study. Chapter three is a methodological chapter which includes
the material used to collect the data and method (technique) applied in data collection,
where chapter four includes a presentation of the collected data in tables and figures;
finally chapter five includes discussion, conclusion, limitation and recommendation of

the study.
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Chapter Two
Literature Review and Related Articles

2.1 Clinical Significance

The therapeutic dose levels for tumors in the central nervous system and head-and-neck
area are often limited by the radiation tolerance of the optic apparatus. Visual impairment
from radiation-induced optic neuropathy is uncommon. It usually presents with painless
rapid visual loss, vasculature injury is a significant contributor to radiation-induced optic
neuropathy (Charles et al., 2010). Therefore, visual loss is associated with a mass lesion;
the cause may result from either mass effect or interference with the function of the optic
apparatus. Such interference may be the result of abnormalities in the vasculature to the
apparatus as a result of the tumor, or chemical factors secreted by the tumor

(Jonathan, 2013).

On the other hand , the risk of late normal central nervous system toxicity of external
beam Radiotherapy (RT) 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%. Hypopituitarism represents the most
commonly reported late complication of RT, and its frequency increases with longer
follow-up, occurring in up to 60%of irradiated patients 10 years after treatment

(Minniti et al,2011).
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2.2 Organs at Risk

In the external beam radiotherapy (EBRT), normal tissues / critical organs within the
radiation beam and at the inside of the tumor receive a higher amount of radiation dose,
and sometimes may be equal to the tumor dose, which causes normal tissue injury

(Rubin , 1968).

The median volumes of gross target volume (GTV), clinical tumor volume (CTV) and
planning target volume (PTV) covered by the 95% isodose in higher-order statistics
treatment were around 60%. In treatment, the median volume of gross target tumor
(GTV), clinical tumor volume (CTV) and planning target volume (PTV) covered by the
95% isodose were 99, 96 and 72%, respectively. Even though the dose coverage of the
(PTV) in both phases of treatment were unsatisfactory, radiotherapy with the original
higher-order technique had produced good local control; the median volume of the target

covered by the 95% isodose (Hitchen et al, 2112).
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2.3 Normal Tissue Tolerance Doses

Emami et al (1991) have reviewed available clinical data and presented normal tissue

tolerance doses, in terms of TDsss (the normal tissue tolerance dose at 5% within 5 years

after radiotherapy) and TDsos (the normal tissue tolerance dose at 50% within 5 years

after radiotherapy), for 1/3, 2/3 and 3/3 partial volumes of the normal tissue / organ or a

reference volume (length or area) of the normal tissue/organ. The partial volume of a

tissue or/and organ is presented in terms of fraction with reference to the reference

volume. In some cases the reference volume of the organ is considered to be the whole

volume of the organ to be a part of the tissue / organ, the tolerance doses are compiled

for 5, 10 and 20 cm lengths instead of the volume and 20 cm length of the cord is taken

to be the reference length, where volume represents the length.

In some cases the data are limited to only whole volume due to small size of the organs,

such as optic nerve, chiasm, eye lens and retina (Pehlivan, 2012). In the same reason, the

radiation toxicity of the optic nerves and chiasm to dose and dose—volume measures

were reviewed and the risk of toxicity increased markedly at doses less than 60 Gy at 1.8

Gy/fraction and at less than 12 Gy for single-fraction. The evidence is strong that

radiation tolerance is increased with a reduction in the dose per fraction

(Charles et al., 2010).
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2.3.1Temporal Lobes

Small volume of the temporal lobes received a maximum dose of 62.8 Gy. Most of the
brainstem was shielded from the lateral portals but 5% of its volume received a dose
ranging from 25.4 to 50.4Gy. The spinal cord (at C1/C2 level) received a maximum dose
of 40.8 Gy. After modifying higher-order technique by three dimension (3D)
customization of the treatment portals, the maximum dose to the brainstem, the optic
chiasm and the temporal lobes could be reduced by 8%, 12% and 5%, respectively

(Chau et al.,2001).

In the same way, the tumors of the sellar and parasellar region; Previous radiation therapy
was performed in 156 (66%) and 24 (11%) patients, respectively. Then median maximum
radiation dose to the optic nerve was 10 Gy (range 0.4-16.0). Four patients (1.9%)
developed radiation optic neuropathy (RON). The risk of developing a clinically
significant RON was 1.1% for patients receiving 12 Gy or less. Patients receiving EBRT
had a greater risk of developing RON (Stafford et al., 2003). Furthermore, the location of
the gross tumor volume (GTV) and dose distribution in the sagittal plane were
superimposed on each other and GTV is coverage by the 50, 90 and 95% isodose lines

determined for each phase of treatment (Waldron et al., 2003).
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Temporal lobe necrosis (TLN) is the most late-stage complication after radiation therapy.
The bilateral temporal lobes are inevitably encompassed in the radiation field and are
thus prone to radiation induced necrosis. The wide use of 3D conformal radiotherapy in
the treatment of NPC has led to incidence of temporal lobe necrosis (TLN)

(Chenetal., 2011).

Pituitary adenomas represent 10 to 20% of all primary brain tumors. The main
classifications consider their size, micro- and macroadenomas, and their properties,
secreting or non-functioning. Conventional radiotherapy is applied in the post-operative
for lesions at high risk of recurrences. Optimal target volume delineation is critical, to the
proximity of organs at risk and a risk of late toxicity for patients who have normal life

expectancy (Chand et al., 2012).

2.3.2 Temporal bone

The hearing loss and facial weakness is a function of cranial nerve damage. Although this
may be true in some cases, the middle and inner ear contain rich networks of other
sensitive structures that are at risk after radiotherapy and that may contribute to toxicity
afterward (Linskey, 2003). The acceptable level of recurrence when the temporal bone is
used as the anterior border of the clinical target volume; achieves tumor control and
respects optic tolerance (Bokstein et al., 2008).
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The exposure of critical organs to doses of radiation that may exceed organ tolerance; the
temporal bone serves as a barrier to tumor spread when regarded as the anterior margin
for temporal lobe lesions. The toxicity could be reduced without compromising tumor
control. The Clinical Target Volume included the primary lesion, the edema when present
and a 2 cm margin except in the direction of the temporal bone. An acceptable level of
recurrence (e.g. <5% beyond the temporal bone) is seen when the temporal bone, rather
than a 2 cm margin is employed as the anterior border of the CTV. The treatment

planning provides tumor control while respecting optic tolerance (Bokstein et al., 2007).

2.3.3 Optic Chiasm

The tumor-controlling doses of up to 40 Gy appears to be a relatively safe technique in
treating lesions within or near the sensory and motor nerves (I11-VI) of the cavernous
sinus. The dose to the optic apparatus should be limited to less than 8 Gy
(Tishler et al., 1993). In addition, three dimension (3D) treatment planning techniques
were used successfully to provide bilateral sparing of the globe for most patients. It was
more difficult to spare the optic nerves, especially on the ipsilateral side, when
prescription dose exceeded the normal tissue tolerance doses. Normal tissue
complication probability (NTCP) calculations may be useful in assessing complication

risk better than point dose tolerance criteria for the chiasm, optic nerve, and retina. It is
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important to assess the overall risk of blindness for the patient in addition to the risk for

individual visual pathway structures (Martel et al., 1997).

Radiation optic neuropathy (RON) of the dose tolerance permits physicians to be more
aggressive in treating patients with sellar or parasellar tumors, especially those with
hormone-producing pituitary adenomas that appear to require higher doses to achieve
biochemical remission (Stafford et al., 2003). Radiation toxicity of the optic nerves and
chiasm to dose and dose-volume measures were increased markedly at doses higher than
60 Gy. The evidence is strong that radiation tolerance is increased with a reduction in
the dose per fraction (Mayo et al., 2009). The optic apparatus seems to be more tolerant
of irradiation. Careful dose planning is essential, particularly in patients who underwent

prior external beam radiation therapy (Hasegawa et al., 2010).

2.4 Target Volume Definition

The target volume definition is a prerequisite for meaningful 3-D treatment planning and
for accurate dose reporting. ICRU Reports No. 50 and 62 define and describe several
target and critical structure volumes that aid in the treatment planning process and that
provide a basis for comparison of treatment outcomes. The following volumes have been
defined as principal volumes related to 3-D treatment planning: gross tumor volume

(GTV), clinical target volume (CTV), internal target volume (ITV) and planning target
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volume (PTV) (Parker, 2005a). The goal of radiotherapy is to achieve uniform target

coverage while sparing normal tissue (McGowan et al., 2013)

2.4.1 Gross Tumor Volume

The gross tumor volume (GTV) can be defined by the area of contrast enhancement
observed on the CT scan or MRI; the classical concept of GTV plus a safety margin of 2
cm around containing at least all the oedematous area and eventually adjacent brain
structures (Kantor et al., 2001). The Gross Tumor Volume (GTV) is defined as “the gross
palpable or visible/demonstrable extent and location of malignant growth, and the Gross
Tumor Volume may consist of primary tumor, metastatic lymphadenopathy. This volume is
then incorporated into the volume which can be considered at risk (ICRU Report No.50).
The GTV is usually based on information obtained from a combination of imaging

modalities and clinical examination (Parker, 2005b).

2.4.2 Clinical Target Volume

The Clinical Target Volume (CTV) is defined as “a tissue volume that contains a
demonstrable gross tumor volume and/or sub-clinical microscopic malignant disease, which
has to be eliminated". This volume thus has to be treated adequately in order to achieve the
aim of therapy, cure or palliation. The Gross Tumor Volume and Clinical Target Volume

are anatomical and biological concepts (ICRU Report No.50). The Clinical Target Volumes
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can be subdivided into Clinical Target 1 (CTV1) and Clinical Target Volume 2 (CTV2).
Thus CTV1 is the potential sub-clinical disease extensions derived from the known history
of site-specific neoplasms. A second clinical target volume (CTV2) is the microscopic
extension of disease adjacent to Gross Target Volume (GTV). However, current imaging
modalities do not visualise microscopic disease and currently, arbitrary margins around
Gross Tumor Volume (GTV) are used to define CTV2 (Srinivasan et al., 1995). The
determination of optimal clinical target volume (CTV) margins around Gross Tumor
Volume (GTV) for modern radiotherapy techniques, requiring more precise target

definitions, is controversial and complex (Moghaddasi et al., 2012).

2.4.3 Internal Target Volume

The internal target volume (ITV) consists of the clinical target volume (CTV) plus an
internal margin. The internal margin is designed to take into account the variations in the
size and position of the clinical target volume (CTV) relative to the patient’s reference
frame (usually defined by the bony anatomy); that is, variations due to organ motions

(ICRU Report No. 62).

2.4.4 Planning Target Volume

The Planning Target Volume (PTV) is defined as a "geometrical concept, and it is defined

to select appropriate beam sizes and beam arrangements, taking into consideration the net
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effect of all possible geometrical variations, in order to ensure that the prescribed dose is

actually absorbed in the Clinical Target Volume " (ICRU Report No.50). The Planning

Target VVolume includes the Clinical Target Volume plus margins for patient motion, organ

motion, organ shape and variation, and uncertainties in beam placement. It does not include

any margin for any beam characteristics such as penumbra, which must consequently be

accommodated with adequate margins at the time of beam placement (ICRU Report No.62).

// Irradiated Volume \

/ Treated Volume \

PTV

& 4

Figure 2.1International Commission on Radiation Units and Measurements?

’ICRU reports 50 and 62 volumes used in 3D treatment planning. Gross tumor volume
(GTV) is the volume(s) of known tumor. Clinical target volume (CTV) is the volume(s)
of suspected microscopic tumor infiltration. Planning target volume (PTV) is the
volume containing the CTV/GTV with enough margins necessary to account for setup
variations and organ and patient motion. Internal target volume (ITV) represents the
movements of the CTV referenced to the patient coordinate system by internal and
external reference points.
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2.4.5 ICRU Reference Point

The concept of dose specification has been changed to the "ICRU reference point"

instead of to form the isodose encompassing the target volume. Treatment plans have

been analyzed to assess the consequences of this change on dose prescription, treatment

technique, and the size of the irradiated volume. ICRU recommendations on dose

homogeneity may significantly affect treatment technique and field sizes. Small

deviations in dose prescription may be of particular influence on late responding normal

tissues. Detailed comparisons of individual treatment plans with respect to physical,

biological, and clinical data are obviously necessary in order to make sure that the

outcome of a radiation treatment is not deviating too much from the clinical experience

(Hess et al., 1993). The Planning Target Volume (PTV) is defined by ICRU report 50 as

a geometrical concept, used to select appropriate beam sizes and beam arrangements.

Clinically, a plan is normally acceptable if the 95% isodose surface covers the PTV. The

mean dose to the PTV is well estimated by either the ICRU reference dose or the mean

central dose for a variety of treatment techniques for common types of cancer

(Kukotowicz, 1997).

The PTV coverage showed no statistical difference between 2D and 3D radiotherapy in

terms of V95% or V107%. However, there was more conformity in 3D planning rather

than 2D planning. In regarding OARs, 3D planning shows large gain in healthy tissue
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sparing; then there was no statistical difference in mean dose received by each OAR.

Furthermore, for pituitary adenoma, brain-stem mean dose and brain V90% showed

better sparing in 3D planning, brain stem mean dose was 61% in 2D and 51% in 3D and

brain V90% was 17.6 in 2D and 8.6 in 3D. Similarly, there was overall significant

decrease in doses receive by healthy tissues in term of OARs score which was 0.24 in 3D

and 0.40 in 2D planning ( Ahmed et al , 2009). However, Bauduceau et al, (2008), found

that, the ICRU 50 quality criterion that at least 95% of the PTV (PTV (95%)) should

receive at least 95% of the prescribed dose.

2.4.6 Treatment Dose

Treating a patient with radiotherapy, the radiation oncologist normally prescribes doses to

both the malignant disease and to relevant normal tissues. The therapist also records doses

delivered during treatment session within various volumes or at various points in tissues for

the purpose of documentation. Doses will also have to be specified for the purpose of

reporting. So, when delivering radiotherapy treatment, parameters such as the volume and

dose have to be specified for different purposes: prescription, recording and reporting;

according to the ICRU-50 recommendation heterogeneity of dose distribution should be

kept within +7% and -5% of the prescribed dose (ICRU Report No .50).The dose-

evaluation techniques, including isodose line comparisons, displays of the dose difference
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between calculated and measured distributions, and distance-to-agreement comparisons,
are useful for display of differences between two different dose distributions, but are
often of limited value for the assessment of the discrepancies in terms of significance
and/ or cause (Jean et al., 2004). However, the radiotherapy of pituitary adenomas, using
modern treatment planning techniques, is effective and safe. To achieve optimal tumor

control, doses of 45-48 Gy should be applied (Dietmar et al., 1995).

2.5 Treatment Techniques

The aim of pituitary tumor treatment technique (Tammy et al , 2004) declared that is to
normalize pituitary hormonal function or relieve local compressive and/or destructive
effects of the tumor, in the same way (John et al, 2009) reported that, the treatment of
pituitary tumor with radiation depends on different factors such as; size and location of
the tumor. Furthermore, the radiation therapy should be considered in the management of
patients with pituitary adenomas, particularly when medical and surgical options have
been exhausted (Loeffler et al, 2011). Meanwhile, (Hasegawa et al, 2011b) has
highlighted that dose escalation to the target while sparing the organs at risk near the
lesion has been difficult over the last decade. However, recent radiotherapy techniques

can deliver more sophisticated doses to the target.
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2.5.1 Two Dimensional Techniques (2D)

The dose distribution was calculated in a single plane through the patient using two-
dimensional treatment planning. In this two dimension planning technique, the
anatomical part is defined in a single axial slice and only coplanar beams are used for
planning, the inhomogeneity inside the body is not taken into account for dose
calculation. This planning method has its own limitations, as variations in the shape and
density of the anatomical structures throughout the patient are not fully accounted for.
Furthermore; two-dimensional radiotherapy has long been used to control growth in
pituitary tumors. Nevertheless, there is still a controversy, because several potentially
significant side effects including Hypopituitarism may develop (Purdy, 1997). In the
same way , (Anderson et al,1999b) studied that traditional isodose curve in two
dimension representation of how dose varies with point dose ,and within a beam along
direction, because the treatment planning attempts dose distribution optimization for a

given clinical goal in a given clinical situation.

The aspect of conventional two dimension margin methods is still widely used; therefore,
it is important to be aware of the possible deficiencies described. In like manner, beam
apertures for radiotherapy treatment should be designed by adding a two dimension
margin to the gross tumor volume outline in the beam eye view rather than by growing a
two dimension margin in the transaxial plane only, then creating the beam profiles are
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correct; it does not ultimately provide an accurate planning treatment volume against

which the calculated dose distribution can be assessed. Simultaneously, the two

dimension technique was associated with an increased risk of locoregional recurrence

(Zhang, 2000).

Because the two dimension dose distribution in the target volume is represented as a

function of two coordinates of the target depth (axis X) and the target width along scan

direction (axis Y) for each product to be treated in the irradiation facility, there will

usually be a minimum dose limit to obtain the desired effect and a maximum dose limit

that the product can tolerate without degradation in quality (Kaluska et al., 2004b). On

the other hand, (Feuvret et al., 2004b) studied that the objective of radiotherapy is to treat

patient with the best therapeutic ratio, i.e. the highest local control and the lowest toxicity

to normal tissues. The traditional isodose curve is two dimension representation of how

dose varies with position within a beam along direction, because the treatment planning

attempts dose distribution optimization for a given clinical goal in a given clinical

situation (Kara et al., 2005).

In other words (Joshi et al., 2007) pointed out that quality of two dimension image sets

and accurate for target volume delineation are necessary to minimize dosimetric

uncertainties that may affect the treatment . in the same way (Jason, 2008) showed that

production of a two-dimensional treatment plan is assisted by projecting outlines of the
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gross tumor onto a single transverse plane, so that the total extent of the tumor can be
easily visualized. Therefore, a two dimension margin can then be added to the resulting
outline, so as to account for microscopic tumor spread, organ motion, and setup
uncertainty. The margin may be differing according to orientation in setup accuracy in
the anterior, posterior, left and right directions. Therefore, (ICRU report No 62)
recommended that, the two dimensional (2D) planning dose distribution calculation is
faster and easier and can be performed by hand moreover is much less accurate. The
requirement of dose prescription (Purdy, 2008) reported that the dose supposed to
conform as closely as possible to the target volume that will determine the level of the

precision and accuracy generally found in two dimension radiation therapy.

2.5.2 Three Dimensional Techniques (3D)

In Purdy (1997a) summary study the radiation therapy treatment plans and delivery
capabilities have changed dramatically since the introduction of three-dimensional
treatment planning and are continuing to change relatively rapidly in response to the
implementation of new advanced technologies. Three-dimensional conformal radiation
therapy is the standard of practice in clinics around the world. Three-dimensional
conformal radiotherapy provides improved target coverage and lower doses to

surrounding normal tissues. Therefore (Boyer et al, 1997) suggested that the three-
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dimensional radiation exploits the use of fields in which the beam intensity is varied
optimally within the portal boundary, and this approach is capable of generating
extremely conformal dose distributions including concave isodose volumes that provide

specific avoidance of sensitive normal structures within complex treatment geometries.

A margin of 3-10 mm beyond the visible extent of tumor is included in the treatment
planning to allow for patient movement and set-up variation during the treatment. Three-
dimensional (3D) treatment planning provides more accurate visualization of dose
distribution as compared with 2D planning, with the option of giving a more
homogeneous dose within the target and lower dose to the organs at risk of radiation
toxicity. More precise delivery is achieved conforming the radiation beams to the shape
of tumor (conformal radiotherapy) and increasing the number of beams. This results
either in reduction of volume of normal rain receiving high dose of radiation or in a
greater dose differential between the target and normal brain tissue. The total dose of 45-
55 Gy is achieved by daily doses of 1.8-2.0 Gy, with treatment lasting for 5-6 weeks

(Minniti et al., 2011b).

In three dimensional technique Purdy et al (1988b) claimed that three-dimensional
radiation treatment planning systems are rapidly being implemented in clinics around the

world so that to produce a precise shaping of dose distributions , improving the quality of
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radiotherapy, and the efficiency with which radiation therapy can be planned and
delivered. Furthermore, three-dimensional conformal radiation therapy conform the
prescription dose close to the target volume while limiting dose to organ-at-risk.
However, (Gambacorta et al., 2013) highlighted that, the 3D treatment planning was
superior to 2D treatment planning in covering areas at risk the areas with suboptimal
coverage may lead to an increased risk of recurrence and should be correlated with the

patterns of recurrence.

The planned dose distributions exhibit significant potential for sparing closely spaced
normal tissue structures in the treatment regions. Therefore , the three-dimensional uses
beam's eye viewing for volumes delineation , beam directions and beam shapes to
conform to the shape of the projected target and minimize dose to critical normal
structures (Verhey, 1999). Three dimension images is based on treatment planning, and
the isocenter is usually placed inside the tumor and dose is prescribed at the isodose
surface covering the entire three dimension target volume (Uy et al., 2002). Thus, the
three dimensional technique is normally used to reduce dose to the critical organs by

arranging the primary beam in nonaxial plans (Wu et al., 2004).

On the other hand, (Purdy, 2008c) declared that, three dimension treatments planning

more provide details the procedures of a patient's treatment. However, three dimension
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conformal radiotherapy capabilities change the techniques of radiation therapy treatments

that are possible and that changes the process with which treatment planning and

treatment delivery are performed. A 68 year old male patient presented for radiation

therapy for treatment of a benign tumor, a glioma of his left optic nerve. The radiation

oncologist intended to prescribe 52.2 Gy to the planning target volume, while

maintaining a maximum of 54 Gy to the optic nerves and the optic chiasm and a

maximum of 40-45 Gy to the globes in order to minimize the possibility of damaging the

optic system, which is especially important as this is a benign tumor. The dosimetrist

devised a conformal non-coplanar three-dimensional plan with a slightly weighted

forward planning component. This plan was created in approximately 15 minutes after

the critical organs and the targets were delineated and resulted in an extremely conformal

and homogenous plan, treating the target while sparing the nearby critical structures. This

approach can also be extended to other tumors in the brain - benign or malignant

(Millunchick, 2013).
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2.5.3 Conformal Radiotherapy

In addition, (Das et al. 1997) suggested that Three-dimensional conformal radiotherapy
conform the volumetric distribution of the desired dose to the shape of the target. The
basic rationale for using conformal delivery is to spare adjacent normal tissue from
receiving unnecessary radiation. Conformal radiotherapy uses advanced radiotherapy
treatment planning in three dimensions to achieve better conformation of treatment
volume to target volume. This allows reduction in the volume of normal tissue irradiated
around the target. It is possible that the technique might lower doses to the hypothalamus;

tumors (Michalski et al., 1998).

In the same way Becker et al., (2002) claimed that the dose homogeneity was reached in
the conformal plans with high planning target volume priority in the optimization
process. This consequently led to a better probability of tumor control. Better protection
of organs at risk and thereby lower normal tissue, complication probabilities were
achieved with increased weighting of the organs at risk. The main benefit with conformal
radiotherapy is that it is more precise, as it allows doctors to plan in 3D. Conformal
radiotherapy can give a better chance of killing the cancer by delivering a higher dose of
radiation straight to it. Thus, the conformal therapy is a safe and effective treatment to
organ-at-risk and gives a satisfactory long-term tumor control, good functional outcome,
and low treatment morbidity (Metellus et al., 2010). Consequently, conformal therapy
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delivers a tumoricidal dose to target volume without causing a local recurrence within 5

years (Shah et al, 2012).

Based on these previously discussed researches, most of those studies agreed with the

hypothesis of my study, the pituitary gland is maestro gland , it controls the activities of

all endocrine system , and it consists of three parts , the first is anterior lobe ; the second

is posterior lobe ; and the third is intermediate lobe each one of lobes secret their

hormones directly to the system . For the same reason, (Oh et al., 2012b) reported that

pituitary tumor has a very poor. On the other hand, (McDowell et al., 2011) hypothesized

that the incidence of pituitary tumor is generally increased with age and higher in females

in early age and higher in males in later age, and pituitary tumors are benign as declared

by (Buatti et al, 1997).

In the detection, (Munir, 2011) showed that MRI is better than CT in determining the

extent of the cyst and its exact relationships to the organs at risk. MRI shows a round

mass lesion in the sella turcica; sometimes it shows the tumor extending to the suprasellar

cistern. The most researchers (Purdy, (1997) ; Anderson et al, (1999)) agreed with my

research hypothesis mentioning that ; the two-dimensional ( 2D) was used to control

tumor growth in pituitary, but is still an ineffective , because several potentially

significant side effects may develop sometimes . Therefore, two dimension techniques

(2D) are associated with an increased risk of locoregional recurrence. On the other hand,
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there is a conflict between my study hypotheses with (Purdy et al., 1988, Metellus et
al.,2010) study who said that, three-dimension technique (3D) conform the prescribed
dose to the target volume while limiting dose to organ-at-risk. Therefore, the conformal
therapy is a safe and effective treatment to an organ-at-risk and gives a satisfactory long-
term tumor control, good functional outcome. Conformal planning reduced the doses to
the optic nerves and chiasm as well (Brizel et al., 1999). The average dose to critical

organs is diminished whenever the conformal radiotherapy is used (Ulrike et al 2004).
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Chapter Three
Materials and Methods

3.1 Introduction

The irradiation of treatment area control remains a significant problem in management of
pituitary tumor, but the dose distribution of 2D and 3D conformal radiotherapy (CRT) in
pituitary tumor will eventually provide an answer to the problem in management of
pituitary tumor with the ability to deliver a conformed radiation to the target volume.
Moreover ,the CRT is important to define clinical needs for geometrical tumor control
and it may offer an advantages to the tumor sites where an existing local control of
tumor is poor , or the dose —response curve is steep for specific tumors, and the dose is
compromised by proximity of organs at risk such as: optic chiasm , temporal lobe , and
eye dose in conformity with the treatment line as a reference point doses and given dose
by using 2D and 3D techniques to estimate the dose distribution inside the bed of
pituitary adenoma.

The proximity of planning target volume (PTV) to organs at risk (OAR) in the brain
limits the ability of three-dimensional conformal radiotherapy (3-D CRT) plans to deliver
a prescribed dose to PTV while sparing OAR (Jillian et al , 2011). In addition, in
treatment, the median volume of gross target tumor (GTV), clinical tumor volume (CTV)

and planning target volume (PTV) covered by the 95% isodose were 99, 96 and 72%,
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respectively. Even though the dose coverage of the (PTV) in both phases of treatment

were unsatisfactory, radiotherapy with the original higher-order technique had produced

good local control. The median volume of the target is covered by the 95% isodose;

wherever, required and achievable, the constraints were changed to obtain possible

minimum doses to critical organs without compromising the PTV coverage of at least

95% dose to 95% of PTV volume (Hitchen, 2112). 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 (Brent et al, 2002).

The pituitary adenomas incidence vary widely, suggesting that incidence rates generally

increased with age and were higher in females in early life and higher in males in later

life. Males are diagnosed with larger tumors on average than females. Diagnosis may be

delayed for males, giving tumors a chance to grow larger before clinical detection

(McDowell etal, 2011c).

Simultaneously, the two dimension technique was associated with an increased risk of

locoregional recurrence (Zhang et al, 2000). Because the two dimension dose distribution

in the target volume is represented as a function of two coordinates of the target depth

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

in the irradiation facility, there will usually be a minimum dose limit to obtain the desired
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effect and a maximum dose limit that the product can tolerate without degradation in

quality (Kaluska et al, 2004b).

The pituitary gland on coronal post-contrast CT scan in 251 patients demonstrated that

the pituitary gland is somewhat larger in females than in males. In males, glands

measuring greater than 7.7 mm should be considered abnormal; in females, a statistically

significant decline of gland height occurs with increasing age, the upper limit of normal

for female gland height decreasing from 9.2 cm for a 20-year-old to 6.0 cm for a 90-year-

old. Focal low densities greater than 3 mm are rare in males and probably should be

considered abnormal (Peysteret al., 1986).Coronal computed tomographic scans of the

pituitary gland in 27 normal children, adolescents, and young adults (ages, 8-21 years)

and in a comparison group of adults (ages, 24-91 years) were evaluated retrospectively to

test the applicability of published criteria for size and configuration of normal adult

pituitary glands to younger patients. Statistically significant differences were found

between the two groups, indicating that the pituitary gland in adolescents, particularly

girls, is larger than in younger or older patients (Peysteret al., 1983).

The size and frequency of visualization of the normal pituitary stalk on high-resolution

computed tomography (CT). The normal pituitary stalk can be seen on the vast majority

of high-resolution scans obtained with thin sections and intravenous contrast material.
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The upper size limit of the normal pituitary stalk is 4 mm at the level of the dorsum sellae

and 4.5 mm above the dorsum. Stalks larger than this should be viewed with suspicion.

Comparison of the size of the pituitary stalk with that of the nearby basilar artery is

possible on most CT scans, providing a convenient and reliable visual check of the size of

the stalk (Peyster, 1984). Pituitary microadenomas may present with subtle or no mass

effect. They may appear lucent, dense, or heterogeneous on computed tomographic (CT)

images. The normal pituitary gland may also have a nonhomogeneous CT appearance

with intermingled lucent and dense areas. This heterogeneity is related in part to

microscopic variation within the anterior and posterior lobes (Roppolo, 1983).

The height of the pituitary gland in women increased again in the 50- to 59-year-old age

group. The changes in the endocrine milieu may be reflected in pituitary morphology.

The increase in pituitary height during puberty may be related to the hypersecretion of

luteinizing hormone during this period. The greater pituitary height in young subjects,

both male and female, may reflect physiological neuroendocrine differences between

younger and older subjects. The decline in pituitary height with age may also reflect the

endocrinology of aging and a physiological pituitary atrophy. The basal serum

concentrations of gonadotropic hormones (luteinizing hormone, follicle-stimulating

hormone) decline after puberty up to the fifth decade. In women, however, concentrations

of these hormones begin to increase dramatically in the fifth and sixth decades,
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apparently due to an age-related decline in circulating gonadal steroids and an increased
“drive” from gonadotropin-releasing hormones. If it is true that the endocrine milieu is
reflected in a person’s pituitary height, it seems reasonable to assume that women have

greater pituitary height in this period (Tsunoda et al., 1997).

3.2 Population and Sample

The study population was randomly selected from the age groups (youngers, adults, and
olds) starting from 17 up to 57 years old according to the availability as a sample of
pituitary adenoma cases. Meanwhile, the samples of the study after the data collection
they were (female 178, and male 122). Furthermore, 209 of sample of the study were
noticed as married, and the rest 91 were not married. On the other hand , the number of
the sample collected were related to the tumor size that , it was noticed that ( 51% , SD+
0.09 for microadenomas , and 49% , SD+ 0.15 for macroadenomas). As the importance
of research problem the study was conducted from 2010 up to 2013, and the total number
of samples were also randomly collected which lead to these 300 of pituitary adenomas
patients.

The symptoms of a pituitary tumor can range from simple common complaints such as
listlessness or restlessness to more severe symptoms such as: headaches, vomiting or
dizziness. In older children or adolescents, other signs may be seen including problems

with normal growth and development. For instance, sometimes young girls or boys,
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under age 9, experience a very early puberty, referred to as precocious puberty; this is

caused by tumors that secrete luteinizing hormone (LH). Girls may develop breasts, have

pubic hair, and begin menstruation. Boys may find their genitals enlarging and facial and

pubic hair beginning to grow. Tumors that secrete follicle stimulating hormone (FSH), in

contrast, can retard sexual development in both sexes and stunt growth (Related Articled,

2013). However, pituitary adenomas may occur in children and that these tumors when

present in the pubertal period may be more likely to exhibit extrasellar extension or

invasiveness (Lee et al., 1988).

3.3 Instrumentation

The CT simulator was used to radiograph patients ; in accordance all patients were CT

simulated after properly positioning and immobilization for2D and 3D 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. Conformal beams were designed with the aid of beam’s eye

view. Dose distribution analysis was edited to provide 3D dose coverage to the target

while sparing organs at risk. Plans were evaluated by comparison of dose distributions for

the PTV and OARs. The size of tumors was evaluated under the CT Simulator planning

on each step the data were recorded on the data recorded sheet for analysis. Then , the CT

radiographs has been taken to physics department for dose distribution and evaluate their
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distribution in normal tissues as well as organs at risks in both techniques 2D, and 3 D.
and finally, high energy Linear Accelerator Clinac 2300 CD (Varian Ag, KSA) having

120 leaf millennium MLC was used for the delivery of treatments.

3.4 Treatment Techniques

The dose distribution was calculated in a single plane through the patient using 2D
treatment planning. In this 2D planning technique, the anatomical part is defined in a
single axial slice and only coplanar beams are used for planning, the inhomogeneity
inside the body is not taken into account for dose calculation. This planning method has
its own limitations, as variations in the shape and density of the anatomical structures
throughout the patient are not fully accounted for. Furthermore; 2D radiotherapy has long
been used to control growth in pituitary tumors. Nevertheless, there is still a controversy,
because several potentially significant side effects including Hypopituitarism may
develop (Purdy, 1997c). In the same way, (Anderson et al, 1999b) studied that, traditional
isodose curve in 2D representation of how dose varies with point dose, and within a beam
along direction, because the treatment planning attempts dose distribution optimization

for a given clinical goal in a given clinical situation.

The aspect of conventional 2D margin methods is still widely used; therefore, it is
important to be aware of the possible deficiencies described. In this manner, beam

apertures for radiotherapy treatment should be designed by adding a two dimension (2D)
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margin to the gross tumor volume outline in the beam eye view rather than by growing a

2D margin in the transaxial plane only, then creating the beam profiles are correct; it does

not ultimately provide an accurate planning treatment volume against which the

calculated dose distribution can be assessed. Simultaneously, the 2D technique was

associated with an increased risk of locoregional recurrence (Zhang et al, 2000b). In 3D

technique Purdy et al., (1988c) claimed that 3D radiation treatment planning systems are

rapidly being implemented in clinics around the world so that to produce a precise

shaping of dose distributions , improving the quality of radiotherapy, and the efficiency

with which radiation therapy can be planned and delivered. Furthermore, 3D conformal

radiation therapy conform the prescription dose close to the target volume while limiting

dose to organ-at-risk. However, CT images with  three dimensional (3D) planning

software help in displaying the 3D-dose distribution at different levels in the PTV

(Murthy et al., 2010).
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3.5 Data Collection

The sample has being collected by formulating the data collection form from the

continuous and perseverance of my supervisor and co-supervisor at end we got the

mentioned below which include the basic requirement for data collections such as:

(gender, age, marital status, tumor size in cm, pituitary size in cm, given dose in Gy,

treatment line in 3D versus in 2D, PTV95%, PTV107%, and vital organs including optic

chiasm, temporal lobe, and eye). On the other hand, the data were collected and filled the

form and processed in order to be understood statistically. Furthermore, CT radiograph of

300 pituitary adenoma patients (179 female, 121 male) were randomly collected from

different imaging sections, and then to the treatment planning section room in order to

evaluate them in both conventional 2D and 3D dose distribution inside the tumor bed as

well as organs at risks (optic chiasm, temporal lobe, and eye) from the isodose curve

presentation within the Planning Target VVolume (PTV).
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3.6 Procedures

1. The CT simulator radiographs were collected after observing the position of organ

2. Record the following (gender, age, and marital status) of patient in the data collection
form

3. Record the tumor size from the CT simulator radiograph of the lesion relative to
actual size of pituitary gland

4. Record the total tumor dose so that to differentiate between (45, 55, and 60 Gy) in
Pituitary adenoma

5. Record a required and achievable treatment line; the constraints were changed to
obtain possible minimum doses to critical organs without compromising the PTV
coverage of at least 95% dose to 95% of PTV volume by using both techniques 2D
and 3D dose distribution.

6. Record the isodose line of dose distribution in both 2D and 3D to evaluate more dose

exposure to organ at risks (optic chiasma, temporal lobe, and eye).
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Figure.3.2 dose distribution inside the pituitary adenoma in relation with the
treatment line in the adjacent healthy and normal tissue

50



Figure 3.3 planning target volume in the pituitary adenoma in relation with the
given dose confined in the bed of tumor sparing the organ at risk.

Figure 3.4 the discrepancies of dose distribution in the pituitary adenoma according
to treatment line with the two opposing fields.

51



3.8 Data Analysis

Using statistical program, numerical data were summarized using means, standard
deviations, and ranges. Comparisons between 2D and 3D plans were performed using the
Wilcoxon Signed Ranks test, a nonparametric test equivalent to the paired test to be used
for small sample size. All p-values are two-sided. P-values<0.05 were considered

significant.
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Chapter Four

Results

The results of this study displayed using tables and figures. The tables show the mean and
standard deviation of PTV95%, dose received by temporal lobe, eye and optic chiasma
using 3D and 2D dose distributions, as well as significant test results between 3D and 2D.
The figures consist of histogram and scatter-plots; the histogram shows the distribution of
the variable included in this study is 300 patients. The scatter plot depicted the
association between the tumor doses and the dose received by the critical organs; as well

as the effects of tumor size on tumor dose.
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Table 01 shows the distribution of mean for PTV 95% and dose received by critical

organs for 2D and 3D dose distribution.

3D 2D
Variable
MeanzSD MeanzSD
PTV95% 94.2 0£0.75 91.28+0.69
Temporal lobe 0.23+0.01 0.46+0.04
Eye 0.22+0.01 0.33+£0.02
Optic chiasma 0.20+0.02 0.42+0.02

Table4. 2 a paired t-test between the 2D and 3D dose distribution with t and p-value

Paired t-test t sig (2 tailed)p
PTV95% 49.7 .000
Temporal lobe 95.3 .000
Eye 87.9 .000
Optic chiasma 121.6 .000

The tables above show that there are differences between variables when using 3D and
2D as shown in Table 4-1. These differences were significant at p = 0.05 between the
dose distribution using 3D and 2D in favor of 3D using paired t-test concerning the
PTV95%, temporal lobe, eye and optic chiasma received dose, with t = 49.664, 95.322,

87.961 and 121.581 respectively and p<0.0001.
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Figure.4.1 (a bar chart or histogram) shows the frequency distribution of age; with
a normal curve over-plotted as well as the mean and standard deviations.

55



10071

Mean =0.47
Std. Dev.=0.213
N =300
80
> 601
[ =
[«}]
=2
o
o
LL
40

0 T T T T T
0.10 0.23 0.36 0.49 0.62 0.75 0.88 1.01

Tumor size (cm)

Figure4.2 (a bar chart or histogram) shows the frequency distribution of the tumor
size; with a normal curve over-plotted as well as the mean and standard deviations.
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Figure 4.3 (a bar chart or histogram) shows the frequency distribution of the
pituitary size in cm; with a normal curve distribution over-plotted as well as the
mean and standard deviations.
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Figure 4.4 (a bar or histogram) shows the frequency distribution of the pituitary
adenoma tumor dose in Gray.
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Figure 4.5 (a bar or histogram) shows the frequency distribution of the
pituitary adenoma based on PTV 95% in 3D.
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Figure 4.6 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on PTV 95% in 2D.
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Figure 07 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on dose received by temporal lobe in 3D dose distribution.
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Figure .4-8 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on dose received by temporal lobe in 2D dose distribution.
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Figure4.9 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on dose received by eye in 3D dose distribution.

63



807

Mean =0.33
Std. Dev. =0.020
N =300
60
g
g
S 407
(18
51
20
s

| I I I I I I
0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36

Dose received by the eye in 2D dose distributions (Gy)

Figure 4.10 (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 4.11 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on dose received by optic chiasma in 3D dose distribution.
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Figure 4.12 (a bar or histogram) shows the frequency distribution of the

pituitary adenoma based on dose received by optic chiasma in 2D dose distribution.

In these histograms plot show the distributions of patient’s age, tumor size, pituitary size,
tumor dose, PTV95%, in the figure 4.3, we observe that (3.3% , 76% , 12.3% ) of
patients’ tumor size represent ( 1.12 cm; 1.28 cm, and 1.44 cm respectively ) , and
7.3% patients’ tumor size was about 1.6 cm while 1% patients’ tumor size is 0.6 cm .
However, the tumor size (1.28 cm) represents about 76% of study sample. While , figure
4.4 shows tumor doses were (44 %- 45 Gy, and 45.6%- 50 Gy respectively), but 6.3% of

patients were treated with 55 Gy, and 3.3% patients tumor dose is 60Gy . On the other
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hand , figure 4.5 presents PTV95% of patients receiving isodose line that fluctuating

among (93 %, 94%, and 95% respectively) in using 3D technique, while 1.6 % of patients

received the isodose line at the level of 96%; and 3.3% of patients received at the level of

92% . In contrast, figure 4.6 describes the PTV95% when 2D technique is used we

observe isodose line distribution in tumor bed are (90%, 91%, and 92% respectively)

against patients percentages (13.6%, 44.6%, and 41.6% respectively).

In this case , figure 4.7 shows the usage of 3D technique (79 %) patients of temporal

lobe will receive the average of escalating doses to surrounding healthy tissues is about

(0.47Gy). But, when 2D technique is used, as shown in figure 4.8, (41.3%) of patients

will receive unnecessary dose(1.62 Gy) during the treatment session. The critical organs

in figure4.9, 3Dtechnique dose distribution technique (57.3 %) of patients have average

doses receiving the eye is (0.22 Gy). Comparing 2D technique dose distribution as in

figure 4.10, (58.3%) of patients will receive (1.62 Gy) from prescribed dose as

unnecessary dose during treatment. Meanwhile, in figure 4.11, when 3D dose distribution

technique is used (37.3 %) patients of optic chiasma receives average doses of (0.2 Gy),

while in figure 4.12, the 2D dose distribution technique, | noticed the unnecessary dose

reaching the optic chiasma is (0.825 Gy) from the prescribed dose.
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In generally speaking, 3D and 2D dose distribution as well as the distribution of the dose
received by critical organs (temporal lobe, eye and optic chiasma) in 3D and 2D dose
distributions; the results mainly confirm that 3D dose distribution enhance the results of
treatment; by delivering a lower dose to the critical organs regardless the variability of

the tumor dose and tumor sizes.
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Figure 4.13 scatter plot shows a direct linear relationship between the dose received by

eye versus tumor dose (a) using 3D dose distribution and (b) using 2D dose distribution.
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Figure 4.14 scatter plots shows a direct linear relationship between the dose received
by eye versus tumor dose (a) using 3D dose distribution and (b) using 2D dose
distribution.
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Figure 4.15 scatter plot shows a direct linear relationship between the dose received
by optic chiasma versus tumor dose (a) using 3D dose distribution and (b) using 2D
dose distribution.
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Figure 4.16 scatter plot show the relationship between the tumor size and the tumor
dose where the tumor dose increase linearly with the increase of the tumor size.
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In these figures portrayed scatter plot between the tumor dose and the average dose

received by temporal lobe, eye and optic chaisma, | observed in the figure 4.13 the

temporal lobe received dose in a linearly manner with (0.0005 Gy ,in 3D, and 0.00052

Gy in 2D ) according to their total tumor dose . However, in figure 4.14, the

unnecessary dose reaching the eye s linearly increased by (0.0009 Gy in 3D, and

0.0002 Gy in 2D). Moreover, in figure 4.15 the optic chiasma the linearly increment of its

dose during treatment is (0.0014 Gy in 3D, and 0.00043 Gy in 2D). In generally

speaking, 3D and 2D dose distribution as well as the distribution of the dose received by

critical organs (temporal lobe, eye and optic chiasma) in both 3D and 2D dose

distributions; the results mainly confirm that 3D dose distribution enhance the results of

treatment; by delivering a lower dose to the critical organs regardless the variability of

the tumor dose and tumor sizes.
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Chapter Five

Discussions

The data of this study were collected from 300 patients suffering from pituitary adenomas
treated by external radiation therapy using 2D dose distributions and hence 3D dose
distributions were assimilated by the researchers for comparative purpose as the objective
of the study implies. The mean age of the patients contributed in this study was 36.1+11.4
years ranged from 13 to 56 years as shown in Figure (4-1). The patient in this study
suffers from a tumor of variables sizes that range from 0.1 to 1 cm with a mean tumor
size 0of 0.47+0.21 cm (Figure 4.2), where the pituitary size ranged from 0.6 to 1.6 cm with
average size of 1.3£0.1 cm (Figure 4.3). The pituitary tumor received a variable tumor
doses range from 40 to 60 Grays (Figure 4.4), which resulted in a variable PTV95%,
which ranged from 92% to 96% for 3D dose distributions (Figure 4-5) versus 90% to
92% for 2D dose distributions (Figure 4.6). These differences in tumor doses, PTV95%,
pituitary sizes and tumor lead to a variable doses that received by the critical organs

(temporal lobe, eyes and optic Chiasma) in 2D and 3D dose distributions.
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5.1 Temporal Lobe

The dose received by temporal lobe in average was 0.47+£0.03 Gy using 2D dose
distributions and it was 0.24+0.01 Gy when using 3D dose distributions. The results
showed that the dose received by temporal lobe was higher in 2D distribution relative to
3D; 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 0.2 Gy in 2D as
shown in figure 4.13 (b) versus the 3D dose distribution where the dose received by
temporal lobe increase by 0.0005 Gy per each Gray of tumor dose starting at 0.2 Gy as
presented in Figure 4.13 (a). Therefore this result prove that 3D dose distribution will
reduce the amount of radiation received by temporal lobe substantially even if the total
tumor dose increases from 45 Gy to 60 Gy; where in case of 60 Gy the dose for temporal
lobe increased to 0.31 Gy for 2D versus 0.03 Gy for 3D. In particular, the findings
relating to this study were illuminated in previous research by Chau et al. (2001)
qualified that, 3D customization of the treatment portals reduced the maximum dose to
the temporal lobes by 12 %. Temporal lobe necrosis is the most late-stage complication
after radiation therapy. However, Chen et al. (2011) go beyond that; mentioning hearing
loss and facial weakness is a function of cranial nerve damage due to radiation dose
escalation to the surrounding tissues. Nevertheless Linskey, (2003b) agreed that temporal

lobe contain rich networks of other sensitive structures that are at risk after radiotherapy
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and that may contribute to toxicity afterward. Therefore, this result dictates the
following: since the tumor dose ranges from 45 to 60 Gy, 3D technique is the suitable
treatment for pituitary adenoma which will provide safe and healthy environment without
escalating —unnecessary- dose to adjacent tissues. In addition, these findings can be used
clinically in order to avoid dose escalation to the healthy and normal tissue surrounding
the bed of tumor, and confined the dose of the treatment line and total given dose to the

bed of pituitary adenoma.

5.2 Eye

Concerning the dose received by eye in average was 0.34+0.002 Gy using 2Ddose
distributions and it was 0.22+0.006Gywhen using 3D dose distributions. The results show
that the dose received by eye was higher in 2D distribution relative to 3D; this increment
was obvious in respect to tumor dose where the dose in eye is linearly increased by
0.0002 Gy per unit of the tumor dose starting from 0.2 Gy in 2D as shown in Figure
4.14(b) versus the 3D dose distribution when the dose is received by eye it increases
by0.0009 Gy per unit of tumor dose starting from 0.2 Gy in 3D as shown in Figure 4.14
(a). Therefore, this result also proves that 3D dose distribution will reduce the amount of
radiation to the eye substantially even when the total tumor dose increases from 45 Gy to

60 Gy, where in case of 60 Gy the unnecessary dose reaching the eye will be 0.34 Gy for
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2D versus 0.23 Gy for 3D. In the scholarly studies; Minniti et al. (2011) stated that risk of
late normal 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%. However, Jonathan,(2013b)
qualified that visual loss is associated with a mass lesion; the cause may interfere with the
function of the optic apparatus. Such interference may be the result of abnormalities in
the vasculature to the apparatus as a result of the tumor. Generally the dose reaching the
eye should be less than 2 Gy. Thus, 3D techniques accomplish the aim of avoiding
irradiating the eye by unnecessary radiation. These findings can be used in treatment of
pituitary adenoma as a new method of treatment because it avoids the surrounding tissues

from unnecessary radiation.
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5.3 Optic Chiasma

The statement of study findings shows that, the dose received by optic chiasma in
average was 0.42+0.002Gywhen using 2Ddose distributions and it was
0.21+0.01Gywhen using 3D dose distributions. The results shows that the dose received
by optic chiasma was higher in 2D distribution in comparison with 3D; this increment
was obvious in respect to tumor dose when the dose in optic chiasm is linearly increased
by 0.0014 Gy per unit of the tumor dose starting from 0.2 Gy in 3D as shown in Figure
4.5 (a) versus the 2D dose distribution when the dose is received by eye increases by
0.0004 Gy per unit of tumor dose starting from 0.4 Gy in 2D as shown in 4.15 (b).
Therefore, this result proves that 3D dose distribution will reduce the amount of radiation
to the optic chiasma substantially even if the total tumor dose increases from 45 Gy to 60
Gy, where in case of 60 Gy the dose for optic chiasma was 0.4196Gy for 2D versus
0.23Gy for 3D.Recent research on this processed by Charles et al., (2010)have clearly
demonstrated that; 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 Gyl/fraction as well as at less than 12 Gy for single-fraction. 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

(Stafford et al. 2003b), the 2D dose distribution was associated with an increased risk of
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locoregional recurrence (Zhang, 2000).Therefore, (ICRU report No 62) the 2D planning
dose distribution calculation is faster and easier and can be performed by hand moreover
is much less accurate. Interestingly, 3D planning provides more accurate visualization of
dose distribution as compared with 2D planning, with the option of giving a more
homogeneous dose within the target and lower dose to the organs at risk of radiation
toxicity. This result in a greater dose differential between the target and normal brain
tissue and the total dose of 45-55 Gy is achieved by daily doses of 1.8-2.0 Gy (Minniti et
al., 2011b).Furthermore, radiation toxicity of the optic nerves and chiasm to dose and
dose-volume measures were markedly increased at doses higher than 60 Gy. The strong
evidence shows that radiation tolerance increases with a reduction in dose per fraction

(Mayo et al., 2009).

In summary, using 3D will reduce the dose to the critical organs and peripheral tissues
substantially as well as the result of this study shows that, differences between the dose
distribution using 3D and 2D was significant at p = 0.05 in favor for 3D using paired t-
test concerning the PTV95%, temporal lobe, eye and optic chiasma with t= 49.7, 95.3,

87.9 and 121.6 respectively with p<0.0001.
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Conclusions

The main objectives of this study is to evaluate the target volume and estimate the dose
received by critical organs in an external irradiation of pituitary adenoma using 2D and
3D radiation dose distribution , in order to quantify the difference between the two
techniques as well as to evaluate their impact on the temporal lobe , optic chiasm , and

eye .

The three-dimensional technique is the standard of practice in clinics around the world.
Because three-dimensional dose distribution provides target coverage with a full given
dose and lower doses to surrounding normal tissues such as: temporal lobe, eye, and
optic chiasm. The 3D dose distribution inside the pituitary adenoma reduces the linearly
increment of unnecessary dose receiving by optic chiasm, eye, and temporal lobe with
each unit of tumor dose starting from 0.2 Gy; the suitable tumor dose for pituitary
adenoma is 50 Gy as a protocol due to its reasonability of its dose increment in the

surrounding organs at risk with each unit of tumor dose.

The studies sample consists of 300 of pituitary adenoma with the evaluation of tumor size
ranging from 0.10 up to 1.01 cm (51%, SD+ 0.09 for microadenomas, and 49%, SD+
0.15 for macroadenomas). The three-dimension technique (3D) conforms the treatment
dose to the target volume while limiting unnecessary dose to organ-at-risk. Therefore,
the 3D technique is safe and effective treatment to an organ-at-risk and gives a
satisfactory long-term tumor control, and good functional outcome

This study concluded that the assessment of the local-control and compare it between 2D

and 3D dose distribution in target localization to the PTV definition in the treatment
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planning for CRT of pituitary adenoma case. The results shows that, 3D dose distribution
enhances the results of treatment; by lowering dose to the critical organs regardless the

fluctuation between tumor dose and tumor sizes.
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Appendix

Data Collection Form

No

Gender

Age

Marital

Status

Tumor
Size cm

Pituitary

Size

cm

Given
Dose

Treatment Line

Vital Organs Doses

3D

2D

3D

2D

PTV 95-
<107%

Adj.NT%

PTV 95-
<107%

Adj.NT%

Temporal
Lobe

Eye

Optic
Chiasma

Temporal
Lobe

Eye

Optic
Chiasma
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Appendix
Master Data Collection Sheet

Number age tumor pit size 3D.tu(r)nor GD PTV95 | PTV95 | Temporal Eye Optic Temporal Eye Optic

size size% 3D 2D lobe 3D 3D 3D lobe 2D 2D 2D
1 17 0.2 14 51 50 92 92 0.24 0.23 0.18 0.43 0.31 0.43
2 20 0.3 1.6 50 45 94 91 0.23 0.22 0.21 0.43 0.3.2 0.41
3 23 0.7 1.2 51 50 92 91 0.24 0.23 0.22 0.51 0.35 0.41
4 24 0.9 0.6 49 45 95 90 0.25 0.22 0.19 0.51 0.2.9 0.39
S 18 0.6 14 51 50 92 92 0.22 0.23 0.21 0.42 0.35 0.41
6 14 0.8 1.5 51 50 92 91 0.24 0.23 0.22 0.51 0.35 0.41
7 20 0.5 14 50 45 94 92 0.22 0.23 0.21 0.45 0.35 0.41
8 18 0.3 1.5 52 45 93 92 0,23 0.22 0.22 0.44 0.32 0.42
9 18 0.1 14 51 50 92 92 0.25 0.22 0.17 0.52 0.36 0.44
10 18 0.25 1.5 52 50 92 92 0.23 0.22 0.21 0.39 0.34 0.41
11 13 0.75 14 51 45 93 92 0.23 0.23 0.17 0.51 0.35 0.43
12 20 0.3 1.3 50 45 94 91 0.24 0.21 0.22 0.39 0.34 0.41
13 23 0.5 14 50 50 92 91 0,23 0.22 0.22 0.43 0.3.2 0.42
14 25 0.4 14 51 45 94 92 0.24 0.21 0.22 0.43 0.3.2 0.38
15 27 0.5 1.3 50 50 93 92 0.24 0.23 0.22 0.42 0.35 0.41
16 29 0.6 1.3 51 45 96 92 0.23 0.22 0.21 0.51 0.2.9 0.41
17 32 0.6 1.3 49 50 93 92 0.20 0.21 0.22 0.49 0.34 0.42
18 34 0.4 1.3 51 45 94 91 0.25 0.22 0.19 0.49 0.34 0.39
19 36 0.3 1.3 51 50 93 90 0.22 0.23 0.21 0.47 0.31 0.41
20 39 1 1.3 50 50 93 91 0.24 0.21 0.22 0.44 0.32 0.41
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21 33 0.7 1.3 52 45 95 91 0.22 0.23 0.21 0.43 0.31 0.41
22 34 0.4 1.3 51 45 95 91 0.23 0.22 0.22 0.52 0.36 0.42
23 31 0.5 1.3 52 50 93 91 0.23 0.2 0.21 0.48 0.33 0.42
24 38 0.6 1.3 51 50 93 91 0.25 0.22 0.19 0.52 0.36 0.39
25 40 1 1.3 50 45 94 90 0.23 0.23 0.17 0.42 0.35 0.43
26 42 0.3 13 50 45 94 90 0.24 0.21 0.22 0.43 0.3.2 0.41
27 44 0.4 1.3 51 50 93 90 0.22 0.21 0.21 0.47 0.31 0.42
28 45 0.5 1.3 50 45 94 92 0.24 0.21 0.22 0.51 0.2.9 0.38
29 47 0.2 1.3 51 50 93 91 0.24 0.23 0.18 0.48 0.33 0.43
30 46 0.3 1.3 49 45 94 92 0.23 0.22 0.21 0.49 0.34 0.41
31 34 0.1 1.3 51 50 93 91 0.24 0.23 0.22 0.45 0.35 0.41
32 23 0.2 1.3 51 45 94 92 0.25 0.22 0.19 0.44 0.32 0.39
33 28 0.3 1.3 50 50 93 90 0.22 0.21 0.21 0.47 0.31 0.42
34 34 0.3 1.3 52 50 93 91 0.24 0.23 0.18 0.48 0.33 0.43
35 36 0.8 1.3 51 45 95 91 0.22 0.23 0.21 0.51 0.35 0.41
36 55 1 1.3 52 45 95 92 0,23 0.22 0.22 0.39 0.34 0.42
37 51 1 1.25 51 50 93 90 0.24 0.21 0.22 0.52 0.36 0.38
38 50 0.4 1.25 50 50 94 91 0.24 0.23 0.18 0.48 0.33 0.43
39 48 0.5 1.3 50 45 94 91 0.23 0.23 0.17 0.47 0.31 0.43
40 47 0.6 1.3 51 45 94 91 0.24 0.21 0.22 0.51 0.2.9 0.41
41 46 0.3 1.3 50 50 94 92 0.23 0.23 0.17 0.45 0.35 0.43
42 39 0.2 1.3 51 45 95 91 0.24 0.21 0.22 0.49 0.34 0.38
43 37 0.3 1.3 49 50 94 90 0.22 0.21 0.21 0.43 0.31 0.42
44 24 0.3 1.4 51 50 94 92 0.23 0.23 0.17 0.45 0.35 0.43
45 23 0.2 1.3 51 45 95 92 0.22 0.21 0.21 0.43 0.31 0.42
46 28 0.3 1.3 50 45 95 91 0.25 0.22 0.19 0.52 0.36 0.39
47 56 0.4 1.25 52 50 94 92 0.22 0.21 0.21 0.45 0.35 0.42
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48 54 0.3 1.26 51 50 94 91 0.24 0.23 0.18 0.43 0.31 0.43
49 46 0.4 1.27 52 45 94 91 0.22 0.23 0.21 0.42 0.35 0.41
50 48 0.5 1.25 51 45 94 92 0,23 0.22 0.22 0.43 0.3.2 0.42
5l 49 0.3 1.25 50 50 94 92 0.24 0.23 0.22 0.51 0.35 0.41
52 43 0.1 1.25 50 45 95 92 0.25 0.22 0.17 0.51 0.2.9 0.44
53 45 0.6 1.25 51 50 94 92 0.22 0.23 0.21 0.45 0.35 0.41
o4 47 0.5 1.25 50 50 94 92 0.22 0.21 0.21 0.45 0.35 0.42
95 34 0.5 1.3 51 45 94 92 0.23 0.20 0.21 0.45 0.35 0.42
56 33 0.9 1.3 49 45 95 91 0.24 0.21 0.22 0.44 0.32 0.38
S7 32 0.4 1.3 51 50 94 90 0,23 0.22 0.22 0.44 0.32 0.42
58 35 0.3 1.3 51 50 94 92 0.24 0.23 0.22 0.48 0.33 0.41
59 37 0.4 1.3 50 45 94 91 0.22 0.21 0.21 0.51 0.35 0.42
60 39 0.3 1.3 52 45 94 92 0.25 0.22 0.19 0.39 0.34 0.39
61 40 0.6 1.3 51 50 94 90 0.22 0.23 0.21 0.45 0.35 0.41
62 43 0.8 1.3 52 45 94 91 0.20 0.21 0.22 0.43 0.3.2 0.42
63 17 0.6 1.4 51 50 94 91 0.23 0.2 0.21 0.43 0.31 0.42
64 20 0.1 1.4 50 45 94 91 0,23 0.22 0.22 0.51 0.2.9 0.42
65 23 0.3 1.5 50 50 94 91 0.23 0.22 0.21 0.43 0.3.2 0.41
66 24 0.3 1.4 51 45 95 91 0.25 0.22 0.17 0.49 0.34 0.44
67 18 0.4 1.4 50 50 94 91 0.22 0.21 0.21 0.51 0.35 0.42
68 14 0.6 1.5 51 50 94 91 0.20 0.21 0.22 0.44 0.32 0.42
69 20 0.7 1.4 49 45 94 90 0.23 0.20 0.21 0.43 0.31 0.42
70 18 0.6 1.4 51 45 93 90 0.24 0.21 0.22 0.52 0.36 0.38
71 18 0.4 1.5 51 50 94 90 0.24 0.23 0.18 0.51 0.35 0.43
72 18 0.5 1.5 50 50 94 92 0.24 0.21 0.22 0.52 0.36 0.41
73 13 0.4 1.6 52 45 93 92 0.22 0.21 0.21 0.42 0.35 0.42
74 20 0.3 1.3 51 45 94 92 0.25 0.22 0.19 0.43 0.3.2 0.39
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75 23 0.8 1.3 52 50 94 91 0.23 0.23 0.17 0.42 0.35 0.43
76 25 0.5 1.3 51 45 94 92 0.20 0.21 0.22 0.51 0.2.9 0.42
77 27 0.4 1.3 50 50 94 91 0.25 0.22 0.19 0.39 0.34 0.39
78 29 0.2 1.3 50 45 96 91 0,23 0.22 0.22 0.49 0.34 0.42
79 32 0.6 1.3 51 50 94 91 0.22 0.21 0.21 0.47 0.31 0.42
80 34 0.8 1.3 50 45 94 92 0.25 0.22 0.17 0.44 0.32 0.44
81 36 0.9 1.3 51 50 94 91 0.24 0.23 0.18 0.42 0.35 0.43
82 39 0.2 1.3 49 50 94 91 0.23 0.23 0.17 0.47 0.31 0.43
83 33 0.3 1.3 51 45 95 91 0.23 0.20 0.21 0.51 0.35 0.42
84 34 0.5 1.3 51 45 95 91 0.24 0.21 0.22 0.39 0.34 0.38
85 31 0.3 1.3 50 50 94 92 0.22 0.21 0.21 0.48 0.33 0.42
86 38 0.4 1.3 52 50 94 91 0.24 0.21 0.22 0.52 0.2.9 0.38
87 40 0.7 1.3 51 45 94 91 0.22 0.21 0.21 0.47 0.31 0.42
88 42 0.3 1.3 52 45 94 91 0.25 0.22 0.19 0.51 0.2.9 0.39
89 44 0.5 1.3 51 50 94 90 0.2 0.21 0.22 0.39 0.34 0.42
90 45 0.5 1.3 50 45 94 91 0.2 0.21 0.22 0.49 0.34 0.42
91 47 0.7 1.3 50 50 94 91 0.24 0.21 0.22 0.43 0.3.2 0.41
92 46 0.9 1.3 51 45 94 90 0,23 0.22 0.22 0.44 0.32 0.42
93 34 0.5 1.3 50 50 94 91 0.25 0.22 0.19 0.51 0.2.9 0.39
94 23 0.6 1.3 51 45 94 92 0.25 0.22 0.17 0.52 0.36 0.44
95 28 0.5 1.3 49 50 94 91 0.23 0.23 0.17 0.47 0.31 0.43
96 34 0.6 1.3 51 50 94 90 0.2 0.21 0.22 0.39 0.34 0.42
97 36 0.8 1.3 51 45 95 92 0.23 0.2 0.21 0.42 0.35 0.42
98 55 0.4 1.25 50 45 95 92 0.24 0.21 0.22 0.43 0.3.2 0.38
99 51 0.4 1.26 52 50 94 92 0.25 0.22 0.17 0.43 0.3.2 0.44
100 50 0.1 1.27 51 50 94 91 0.23 0.22 0.21 0.51 0.2.9 0.41
101 48 0.2 1.25 52 45 94 91 0.22 0.21 0.21 0.48 0.33 0.42
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102 47 0.3 1.25 51 45 94 92 0.25 0.22 0.19 0.49 0.34 0.39
103 46 0.7 1.25 50 50 94 92 0,23 0.22 0.22 0.49 0.34 0.42
104 39 0.9 1.25 50 45 95 92 0.2 0.21 0.22 0.44 0.32 0.42
105 37 0.6 1.25 51 50 94 92 0.25 0.22 0.17 0.43 0.3.2 0.44
106 24 0.8 1.3 50 50 94 91 0.22 0.23 0.21 0.42 0.35 0.41
107 23 0.5 1.3 51 45 95 90 0.24 0.23 0.18 0.51 0.35 0.43
108 28 0.3 1.3 49 45 95 91 0.25 0.22 0.17 0.39 0.34 0.44
109 56 0.1 1.25 51 50 94 90 0.24 0.23 0.18 0.45 0.35 0.43
110 54 0.25 1.26 51 50 94 91 0.23 0.23 0.17 0.43 0.31 0.43
111 46 0.75 1.27 50 45 94 92 0.23 0.2 0.21 0.47 0.31 0.42
112 48 0.3 1.25 52 45 94 91 0.24 0.21 0.22 0.51 0.2.9 0.38
113 49 0.5 1.25 51 50 94 92 0.22 0.21 0.21 0.51 0.35 0.42
114 43 0.4 1.25 52 45 95 90 0.23 0.22 0.21 0.49 0.34 0.41
115 45 0.5 1.25 51 50 94 90 0.24 0.23 0.18 0.45 0.35 0.43
116 47 0.6 1.25 50 50 94 91 0.25 0.22 0.17 0.39 0.34 0.44
117 34 0.6 1.2 50 45 94 92 0.24 0.23 0.18 0.43 0.31 0.43
118 33 0.4 1.2 51 45 95 92 0.2 0.21 0.22 0.52 0.36 0.42
119 32 0.3 1.3 50 50 94 92 0.24 0.23 0.18 0.43 0.31 0.43
120 35 1 1.3 51 50 94 91 0.23 0.22 0.21 0.43 0.3.2 0.41
121 37 0.7 1.3 49 45 94 92 0.24 0.23 0.18 0.42 0.35 0.43
122 39 0.4 1.3 51 45 94 91 0.25 0.22 0.17 0.43 0.3.2 0.44
123 40 0.5 1.3 51 50 94 92 0.23 0.23 0.17 0.51 0.35 0.43
124 43 0.6 1.3 50 45 94 92 0.24 0.21 0.22 0.51 0.2.9 0.41
125 17 0.7 1.4 52 50 94 92 0,23 0.22 0.22 0.51 0.2.9 0.42
126 20 0.3 1.6 51 45 94 92 0.24 0.21 0.22 0.49 0.34 0.38
127 23 0.4 1.2 52 50 94 90 0.22 0.21 0.21 0.42 0.35 0.42
128 24 0.5 0.6 51 45 95 91 0.23 0.22 0.21 0.44 0.32 0.41
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129 18 0.2 1.4 50 50 94 91 0.25 0.22 0.17 0.39 0.34 0.44
130 14 0.3 1.5 50 50 94 92 0.23 0.23 0.17 0.51 0.35 0.43
131 20 0.1 1.4 51 45 94 91 0.24 0.23 0.18 0.51 0.35 0.43
132 18 0.2 1.5 50 45 93 91 0.2 0.21 0.22 0.39 0.34 0.42
133 18 0.3 1.4 51 50 94 92 0.24 0.21 0.22 0.49 0.34 0.41
134 18 0.3 1.5 49 50 94 92 0.25 0.22 0.19 0.44 0.32 0.39
135 13 0.8 1.4 51 45 93 90 0.24 0.23 0.18 0.47 0.31 0.43
136 20 0.6 1.3 51 45 94 90 0.25 0.22 0.17 0.51 0.2.9 0.44
137 23 0.5 1.4 50 50 94 91 0.25 0.22 0.17 0.52 0.36 0.44
138 25 0.4 1.4 52 45 94 92 0.24 0.21 0.22 0.49 0.34 0.41
139 27 0.5 1.3 51 50 94 91 0.22 0.23 0.21 0.43 0.31 0.41
140 29 0.6 1.3 52 45 96 92 0.24 0.21 0.22 0.44 0.32 0.38
141 32 0.3 1.3 51 50 94 92 0.23 0.22 0.21 0.44 0.35 0.41
142 34 0.2 1.3 50 45 94 92 0.23 0.22 0.21 0.52 0.36 0.41
143 36 0.3 1.3 50 50 94 92 0.24 0.23 0.18 0.51 0.35 0.43
144 39 0.3 1.3 51 50 94 90 0.24 0.23 0.22 0.42 0.35 0.41
145 33 0.2 1.3 50 45 95 91 0.24 0.23 0.18 0.42 0.35 0.43
146 34 0.3 1.3 51 45 95 92 0.2 0.21 0.22 0.43 0.3.2 0.42
147 31 0.4 1.3 49 50 94 91 0.22 0.23 0.21 0.47 0.31 0.41
148 38 0.3 1.3 51 50 94 92 0.24 0.23 0.18 0.51 0.35 0.43
149 40 0.4 1.3 51 45 94 91 0.24 0.23 0.18 0.48 0.33 0.43
150 42 0.5 1.3 50 45 94 91 0.25 0.22 0.17 0.49 0.34 0.44
151 44 0.3 1.3 52 50 94 90 0.24 0.23 0.22 0.42 0.35 0.41
152 45 0.1 1.3 51 45 94 91 0.24 0.21 0.22 0.44 0.32 0.41
153 47 0.6 1.3 52 50 94 92 0.23 0.22 0.21 0.52 0.36 0.41
154 46 0.5 1.3 51 45 94 91 0.24 0.21 0.22 0.52 0.36 0.38
155 34 0.5 1.3 50 50 94 92 0,23 0.22 0.22 0.39 0.34 0.42
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156 23 0.9 1.3 50 45 94 91 0.23 0.22 0.21 0.39 0.34 0.41
157 28 0.4 1.3 51 50 94 92 0.24 0.21 0.22 0.43 0.3.2 0.38
158 34 0.3 1.3 50 50 94 91 0.23 0.23 0.17 0.45 0.35 0.43
159 36 0.4 1.3 51 45 95 91 0.24 0.23 0.18 0.47 0.31 0.43
160 55 0.3 1.3 49 45 95 92 0.2 0.21 0.22 0.51 0.2.9 0.42
161 51 0.6 1.25 51 50 94 91 0.25 0.22 0.19 0.51 0.2.9 0.39
162 50 0.8 1.25 51 50 94 91 0.23 0.2 0.21 0.47 0.31 0.42
163 48 0.6 1.3 50 45 94 92 0.24 0.23 0.18 0.45 0.35 0.43
164 47 0.1 1.3 52 45 94 92 0.25 0.22 0.17 0.44 0.32 0.44
165 46 0.3 1.3 51 50 94 92 0.24 0.23 0.18 0.48 0.33 0.43
166 39 0.3 1.3 52 45 95 91 0.24 0.21 0.22 0.52 0.36 0.41
167 37 0.4 1.3 51 50 94 90 0.23 0.23 0.17 0.45 0.35 0.43
168 24 0.6 1.4 50 50 94 91 0.23 0.2 0.21 0.47 0.31 0.42
169 23 0.7 1.3 50 45 95 91 0.24 0.23 0.22 0.42 0.35 0.41
170 28 0.6 1.3 51 45 95 92 0.23 0.22 0.21 0.43 0.3.2 0.41
171 56 0.4 1.25 50 50 94 92 0.24 0.23 0.18 0.48 0.33 0.43
172 54 0.5 1.26 51 50 94 92 0.24 0.21 0.22 0.51 0.2.9 0.38
173 46 0.4 1.27 49 45 94 90 0.24 0.23 0.18 0.48 0.33 0.43
174 48 0.3 1.25 51 45 94 91 0.2 0.21 0.22 0.49 0.34 0.42
175 49 0.8 1.25 51 50 94 90 0.23 0.20 0.21 0.48 0.33 0.42
176 43 0.5 1.25 50 45 95 91 0,23 0.22 0.22 0.44 0.32 0.42
177 45 0.4 1.25 52 50 94 91 0.24 0.23 0.18 0.45 0.35 0.43
178 47 0.2 1.25 51 50 94 92 0.23 0.23 0.17 0.43 0.31 0.43
179 34 0.6 1.3 52 45 94 90 0.23 0.23 0.17 0.51 0.35 0.43
180 33 0.8 1.3 51 45 95 90 0.24 0.21 0.22 0.39 0.34 0.41
181 32 0.9 1.3 50 50 95 92 0.23 0.23 0.17 0.48 0.33 0.43
182 35 0.2 1.3 50 50 95 91 0.22 0.21 0.21 0.45 0.35 0.42
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183 37 0.3 1.3 51 45 94 92 0.24 0.23 0.22 0.47 0.31 0.41
184 39 0.5 1.3 50 45 94 92 0.23 0.22 0.21 0.51 0.2.9 0.41
185 40 0.3 1.3 51 50 95 92 0.24 0.23 0.18 0.43 0.31 0.43
186 43 0.4 1.3 49 45 94 92 0.25 0.22 0.19 0.49 0.34 0.39
187 47 0.7 1.4 51 45 95 92 0.24 0.23 0.18 0.45 0.35 0.43
188 46 0.3 1.4 51 50 95 91 0.2 0.21 0.22 0.44 0.32 0.42
189 39 0.5 1.5 50 50 95 91 0.24 0.23 0.22 0.39 0.34 0.41
190 37 0.5 1.4 52 45 94 92 0.23 0.22 0.22 0.52 0.36 0.42
191 24 0.7 1.4 51 45 95 91 0.24 0.23 0.18 0.51 0.35 0.43
192 23 0.9 1.5 52 50 95 92 0.23 0.23 0.17 0.48 0.33 0.43
193 28 0.5 1.4 51 50 95 92 0.24 0.23 0.18 0.47 0.31 0.43
194 56 0.6 1.4 50 45 94 91 0.24 0.21 0.22 0.44 0.3.2 0.41
195 54 0.5 1.5 50 45 94 90 0.23 0.20 0.21 0.43 0.31 0.42
196 46 0.6 1.5 51 50 95 90 0.24 0.23 0.22 0.48 0.33 0.41
197 48 0.8 1.6 50 45 94 91 0.24 0.21 0.22 0.51 0.33 0.38
198 49 0.4 1.3 51 50 95 91 0.22 0.23 0.21 0.45 0.35 0.41
199 54 0.4 1.3 51 50 95 91 0.20 0.21 0.22 0.52 0.36 0.42
200 46 0.1 1.3 51 45 94 91 0.22 0.21 0.21 0.43 0.32 0.42
201 17 0.2 1.4 52 55 93 92 0.24 0.23 0.22 0.42 0.35 0.41
202 20 0.3 1.6 51 50 95 92 0.24 0.21 0.22 0.39 0.34 0.41
203 23 0.7 1.2 50 50 95 90 0.25 0.22 0.19 0.43 0.3.2 0.39
204 24 0.9 0.6 50 60 95 90 0.25 0.22 0.19 0.51 0.2.9 0.39
205 18 0.6 1.4 51 60 94 91 0.24 0.23 0.18 0.48 0.33 0.43
206 14 0.8 1.5 50 55 93 92 0.20 0.21 0.22 0.49 0.34 0.42
207 20 0.5 1.4 51 50 95 91 0.20 0.21 0.22 0.52 0.36 0.42
208 18 0.3 1.5 49 45 93 92 0,23 0.22 0.22 0.44 0.32 0.42
209 18 0.1 1.4 51 45 92 92 0.24 0.23 0.18 0.43 0.31 0.43
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210 18 0.25 1.5 51 55 92 92 0.25 0.22 0.17 0.52 0.36 0.44
211 13 0.75 1.4 50 55 93 92 0.23 0.23 0.17 0.51 0.35 0.43
212 20 0.3 1.3 52 45 94 91 0.24 0.21 0.22 0.39 0.34 0.41
213 23 0.5 1.4 51 50 95 91 0.24 0.21 0.22 0.49 0.34 0.38
214 25 0.4 1.4 52 45 94 92 0.24 0.21 0.22 0.43 0.3.2 0.38
215 27 0.5 1.3 51 55 95 91 0.24 0.23 0.22 0.47 0.31 0.41
216 29 0.6 1.3 50 45 96 92 0.23 0.22 0.21 0.51 0.2.9 0.41
217 32 0.6 1.3 50 45 95 91 0.22 0.21 0.21 0.48 0.33 0.42
218 34 0.4 1.3 51 55 94 91 0.25 0.22 0.19 0.49 0.34 0.39
219 36 0.3 1.3 50 50 95 92 0.24 0.21 0.22 0.39 0.34 0.41
220 39 1 1.3 51 45 94 91 0.20 0.21 0.22 0.44 0.32 0.42
221 33 0.7 1.3 49 50 95 91 0.23 0.20 0.21 0.42 0.35 0.42
222 34 0.4 1.3 51 45 95 91 0.23 0.22 0.22 0.52 0.36 0.42
223 31 0.5 1.3 51 50 95 91 0.24 0.23 0.22 0.45 0.35 0.41
224 38 0.6 1.3 50 50 95 92 0.24 0.23 0.18 0.47 0.31 0.43
225 40 0.7 1.3 52 45 94 90 0.23 0.23 0.17 0.42 0.35 0.43
226 42 0.3 1.3 51 45 94 90 0.24 0.21 0.22 0.43 0.3.2 0.41
227 44 0.4 1.3 52 50 95 91 0.22 0.23 0.21 0.43 0.31 0.41
228 45 0.5 1.3 51 50 95 91 0.23 0.23 0.17 0.48 0.33 0.43
229 47 0.2 1.3 50 45 94 92 0.24 0.23 0.22 0.48 0.33 0.41
230 46 0.3 1.3 50 45 94 92 0.23 0.22 0.21 0.49 0.34 0.41
231 34 0.1 1.3 51 50 95 91 0.23 0.2 0.21 0.51 0.35 0.42
232 23 0.2 1.3 50 45 94 92 0.25 0.22 0.19 0.44 0.32 0.39
233 28 0.3 1.3 51 45 94 92 0.24 0.23 0.18 0.43 0.31 0.43
234 34 0.3 1.3 49 50 95 91 0.23 0.20 0.21 0.42 0.35 0.42
235 36 0.8 1.3 51 50 95 92 0.24 0.23 0.18 0.47 0.31 0.43
236 55 0.6 1.25 51 45 95 92 0,23 0.22 0.22 0.39 0.34 0.42
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237 51 0.5 1.25 50 45 95 91 0.24 0.23 0.18 0.42 0.35 0.43
238 50 0.4 1.25 52 50 95 91 0.22 0.23 0.21 0.51 0.35 0.41
239 48 0.5 1.25 51 50 95 91 0.25 0.22 0.17 0.49 0.34 0.44
240 47 0.6 1.25 52 45 94 91 0.24 0.21 0.22 0.51 0.2.9 0.41
241 46 0.3 1.2 51 45 94 90 0.23 0.20 0.21 0.48 0.33 0.42
242 39 0.2 1.2 50 50 95 91 0.24 0.23 0.22 0.47 0.31 0.41
243 37 0.3 1.3 50 45 95 91 0.24 0.23 0.22 0.45 0.35 0.41
244 24 0.3 1.3 51 50 95 91 0.23 0.22 0.21 0.44 0.32 0.41
245 23 0.2 1.3 50 50 95 92 0.22 0.23 0.21 0.48 0.33 0.41
246 28 0.3 1.3 51 45 95 91 0.25 0.22 0.19 0.52 0.36 0.39
247 56 0.4 1.3 49 55 94 90 0.24 0.23 0.18 0.51 0.35 0.43
248 54 0.3 1.3 51 50 95 91 0,23 0.22 0.22 0.52 0.36 0.42
249 46 0.4 1.3 51 50 95 92 0.23 0.2 0.21 0.45 0.35 0.42
250 48 0.5 1.3 50 60 94 92 0,23 0.22 0.22 0.43 0.3.2 0.42
251 49 0.3 1.3 52 60 95 92 0.24 0.23 0.18 0.47 0.31 0.43
252 43 0.1 1.3 51 55 95 92 0.25 0.22 0.17 0.51 0.2.9 0.44
253 45 0.6 1.3 52 50 95 92 0.24 0.21 0.22 0.39 0.34 0.38
254 47 0.5 1.3 51 45 94 92 0.24 0.21 0.22 0.49 0.34 0.41
255 34 0.5 1.3 50 45 94 92 0.23 0.20 0.21 0.45 0.35 0.42
256 33 0.9 1.3 50 55 95 91 0.24 0.21 0.22 0.44 0.32 0.38
257 32 0.4 1.3 51 55 95 91 0.24 0.23 0.22 0.43 0.31 0.41
258 35 0.3 1.3 50 45 94 92 0.23 0.22 0.21 0.52 0.36 0.41
259 37 0.4 1.3 51 50 95 91 0.23 0.22 0.21 0.44 0.32 0.41
260 39 0.3 1.25 51 45 94 92 0.25 0.22 0.19 0.39 0.34 0.39
261 40 0.6 1.25 51 55 94 91 0.24 0.23 0.18 0.42 0.35 0.43
262 43 0.8 1.25 52 45 94 91 0.20 0.21 0.22 0.43 0.3.2 0.42
263 47 0.6 1.25 51 45 93 90 0.22 0.23 0.21 0.47 0.31 0.41
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264 46 0.1 1.25 50 55 94 91 0,23 0.22 0.22 0.51 0.2.9 0.42
265 39 0.3 1.2 50 50 95 91 0.24 0.23 0.18 0.42 0.35 0.43
266 37 0.3 1.2 51 50 95 92 0.24 0.23 0.22 0.47 0.31 0.41
267 24 0.4 1.3 50 50 95 92 0.22 0.23 0.21 0.48 0.33 0.41
268 23 0.6 1.3 51 45 93 91 0.24 0.21 0.22 0.44 0.32 0.41
269 28 0.7 1.3 49 55 94 90 0.23 0.20 0.21 0.43 0.31 0.42
270 56 0.6 1.3 51 50 95 92 0.22 0.21 0.21 0.43 0.31 0.42
271 54 0.4 1.3 51 50 95 92 0.24 0.23 0.22 0.47 0.31 0.41
272 46 0.5 1.3 50 60 92 92 0.23 0.22 0.21 0.39 0.34 0.41
273 48 0.4 1.3 52 60 93 92 0.22 0.21 0.21 0.42 0.35 0.42
274 49 0.3 1.3 51 55 94 92 0.25 0.22 0.19 0.43 0.3.2 0.39
275 54 0.8 1.3 52 50 95 91 0.22 0.21 0.21 0.48 0.33 0.42
276 46 0.5 1.3 51 45 94 92 0.20 0.21 0.22 0.51 0.2.9 0.42
277 32 0.4 1.3 50 45 95 92 0.22 0.23 0.21 0.48 0.33 0.41
278 35 0.2 1.3 50 55 96 91 0,23 0.22 0.22 0.49 0.34 0.42
279 37 0.6 1.3 51 55 95 91 0.24 0.23 0.18 0.45 0.35 0.43
280 39 0.8 1.3 50 45 94 92 0.25 0.22 0.17 0.44 0.32 0.44
281 40 0.9 1.3 51 45 94 91 0.23 0.23 0.17 0.43 0.31 0.43
282 43 0.2 1.3 49 55 94 92 0.24 0.21 0.22 0.52 0.36 0.41
283 47 0.3 1.3 51 50 95 91 0.24 0.23 0.18 0.45 0.35 0.43
284 46 0.5 1.25 51 50 95 92 0.24 0.23 0.22 0.43 0.31 0.41
285 39 0.3 1.3 50 50 95 91 0.24 0.21 0.22 0.39 0.34 0.38
286 37 0.4 1.3 52 45 94 91 0.23 0.22 0.21 0.43 0.3.2 0.41
287 24 0.7 1.3 51 55 94 91 0.22 0.21 0.21 0.47 0.31 0.42
288 23 0.3 1.4 52 50 95 91 0.22 0.23 0.21 0.43 0.31 0.41
289 28 0.5 1.4 51 50 95 91 0.23 0.20 0.21 0.51 0.35 0.42
290 56 0.5 1.2 50 60 94 91 0.2 0.21 0.22 0.49 0.34 0.42
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291 54 0.7 1.3 50 60 94 90 0.22 0.23 0.21 0.45 0.35 0.41
292 46 0.9 1.3 51 50 95 91 0.24 0.23 0.22 0.43 0.31 0.41
293 48 0.5 1.3 50 45 94 91 0.24 0.23 0.18 0.43 0.31 0.43
294 49 0.6 1.3 51 55 94 92 0.25 0.22 0.17 0.52 0.36 0.44
295 54 0.5 1.3 49 50 95 92 0.22 0.23 0.21 0.51 0.35 0.41
296 46 0.6 1.3 51 50 95 91 0.23 0.2 0.21 0.42 0.35 0.42
297 46 0.8 1.3 51 60 95 92 0.23 0.2 0.21 0.42 0.35 0.42
298 48 0.4 1.3 50 60 95 92 0.24 0.21 0.22 0.43 0.3.2 0.38
299 49 0.4 1.3 52 50 95 92 0.25 0.22 0.17 0.39 0.34 0.44
300 54 0.1 1.25 51 45 94 91 0.23 0.22 0.21 0.51 0.2.9 0.41
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