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1. ABBREVIATIONS  

 

o LINAC – Linear Accelerator 

o SRS - Stereotactic Radiosurgery 

o SRT - Stereotactic Radiotherapy 

o DCA – Dynamic Conformal Arc 

o MRI -Magnetic Resonance Imaging 

o CT - Computed tomography 

o PTV - Planning target volume 

o NT – Normal tissue 

o GTV - Gross tumour volume 

o OAR - Organs at Risk 

o CI - Conformity Index 

o HI - Homogeneity Index 

o PIV - Prescribed Isodose volume 

o TV - Target Volume  

o TC - Tumour Coverage 

o PIV - Prescription Isodose Volume 

o ISD - isodose surface  

o PI - prescribed Isodose 

o Dmax - Maximum dose 

o Dmin - Minimum dose 
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o Dp - Dose Prescription 

o VS - Vestibular Schwannoma 

o OMC - Ocular Motor Apraxia 

o PAs - Pituitary adenoma 

o MLC – MultiLeaf Collimator 

o FFF - Flattening filter Free 

o MV - Megavoltage 
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2. ABSTRACT  

 

Introduction: In 1969 Leksell introduced a non-invasive treatment method Gamma 

Knife stereotactic RS (Elekta AB, Stockholm, Sweden) [1]. Since the development of 

linear accelerators (LINAC) especially adapted for stereotactic irradiation, LINAC 

based Stereotactic Radiosurgery (SRS) and Stereotactic Radiotherapy (SRT) have 

become an alternative to gamma knife radiosurgery for the treatment of 

intracranial lesions. Various institutions reports similar tumour control rates to 

surgical resection with low rates of treatment related toxicity [2], [3]. 

 

There is currently much interest in the literature to define parameters that will 

allow one to quantitatively assess the quality of a plan for both radiotherapy and 

radiosurgery. A conformity index and homogeneity index are useful tools for 

scoring a given plan or for evaluating competing treatment plans for the same 

patient, either two or more plans using the same method or comparing different 

modalities. 

 

Objective: To compare different parameters used to quantify the quality of a 

treatment plan and to evaluate the dose conformity and coverage clinically 

achieved using stereotactic radiosurgery and radiotherapy. The aim of the present 

study was to find a correlation between the conformity, homogeneity index and 

tumour volume and evaluate how these correlate with toxicity and efficacy, this is 

high tumour control and low normal tissue complications. The tumours under 

investigation were meningiomas, neuromas, adenomas and metastasis. Treatment 

related toxicity and conformity were investigated for both radiosurgery and 

stereotactic radiotherapy. The results were compared with previous reports in the 

literature. 
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Material and methods: The patients’ demographics were recorded. The planning 

parameters included were: prescription dose, prescription isodose, number of 

fractions, maximum, minimum and mean dose to the Planning Target Volume 

(PTV), maximum, minimum and mean dose to the organs at risk, the conformity 

and homogeneity index. The different planning techniques were:  single and 

fractionated stereotactic, dynamic conformal arcs or static conformal fields and 

number of fields or arcs. 

 

The patient symptoms prior to, and after, treatment were also recorded: hearing 

status, tinnitus, the effect on balance, facial, trigeminal nerve functions and any 

other neuropathy. The follow up period should be specified and must be at least 6 

months in order to be included in the study 

 

Conclusions: Excellent tumour control rates (60%-100%) were demonstrated with 

minimal related toxicity on patients treated with either SRS or SRT. A correlation 

between conformity and homogeneity index and target volume was found. 

Tumour volume and target doses are associated with tumour control. High Paddick 

conformity index revealed higher rate of local recurrence, however no statistical 

significance was found for the homogeneity index and target volume. Parameters 

associated with increased risk of toxicity were found which included: maximum 

dose to the target volume, the mean dose to the optic chiasm, and dose received 

by 1% of the normal tissue volume.  
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3. RESUMEN (Castellano) 

 

Introducción: En1969 Leksell introdujo una nueva técnica de tratamiento: 

Radiocirugía Estereotáctica Gamma knife (Elekta AB, Stockholm, Sweden) [1]. 

Desde el desarrollo de los aceleradores lineales (LINAC), especialmente aquellos 

adaptados para radiocirugía estereotáctica (SRS) y radioterapia estereotáctica 

(SRT), estos se han convertido en una alternativa a la radiocirugía con gamma knife 

para el tratamiento de lesiones intracraneales. Diferentes instituciones han 

publicado similar control tumoral con bajas tasas de toxicidad [3] [2]. 

 

Actualmente hay mucho interés en la literatura para definir parámetros que 

permitan evaluar cuantitativamente la calidad del plan tanto para radiocirugía 

como radioterapia estereotáctica. El índice de conformidad y homogeneidad son 

herramientas útiles para evaluar un determinado tratamiento/plan, comparar 

diferentes tratamientos para el mismo paciente usando la misma técnica o incluso 

diferentes modalidades. 

 

Objetivo: Comparar diferentes parámetros usados para cuantificar la calidad del 

plan y evaluar la conformidad y homogeneidad del tratamiento obtenido con 

radiocirugía y  radioterapia estereotáctica. El objetivo del presente estudio era 

encontrar la correlación entre los índices de conformidad y homogeneidad y 

evaluar como estos se correlacionan con la toxicidad y la efectividad. Los tumores 

que se incluyeron en la investigación fueron meningiomas, neurinomas, metástasis 

cerebrales y adenomas de la hipófisis. Los resultados se compararon con 

resultados de estudios previos.   

 

Material y métodos: Las variables demográficas de los pacientes fueron incluidas 

en el estudio. Los variables del plan que se recogieron fueron: índices de 

conformidad, dosis de prescripción, número de fracciones, máxima, mínima y dosis 
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media al volumen del blanco (PTV) y a los órganos de riesgo. Las diferentes 

técnicas de planificación fueron radiocirugía de sesión única o fraccionada, arcos 

dinámicos o campos estáticos.  

 

Finalmente también se incluyeron los síntomas del paciente antes y después del 

tratamiento: estado de la audición, vértigo, tínnitus, estado del nervio trigémino o 

facial y cualquier otra neuropatía asociada. El periodo de seguimiento tenía que 

ser al menos de seis meses para ser incluido en el estudio, a no ser que el paciente 

falleciese por causas asociadas al tratamiento u enfermedad.  

 

Conclusiones: Se han encontrado excelentes controles tumorales (60%-100%) con 

una mínima toxicidad asociada al tratamiento tanto para radiocirugía como 

radioterapia estereotáctica.  Hemos podido demostrar nuestra hipótesis que existe 

una correlación entre los índices de conformidad y las dosis al tumor. El volumen 

del tumor y las dosis a la lesión están asociadas con el control tumoral. Hemos 

observado un bajo índice de conformidad de Paddick cuando aumenta la 

recurrencia local, pero no hemos encontrado diferencias significativas. En el grupo 

de pacientes diagnosticados con neurinomas hemos encontrado que el índice de 

homogeneidad está positivamente correlacionado con la toxicidad. En el grupo de 

pacientes tratados de adenomas hipofisarios la toxicidad está asociada con la dosis 

media al quiasma óptico y la dosis al tejido sano.  
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4. INTRODUCTION  

 

4.1 Stereotactic Radiosurgery 

 

Stereotactic radiosurgery (SRS) is a very precise form of radiation therapy originally 

developed to treat small, deep seated brain tumours. Now it is also used to treat 

other functional abnormalities of the brain and body tumours  with a technique 

known as stereotactic body radiotherapy (SBRT).  The key principle of cranial 

stereotactic radiosurgery is the radiation delivery accuracy to within one to two 

millimetres [4]. 

 

Stereotactic radiosurgery is a non-surgical procedure because there's no incision; 

instead it delivers precisely-targeted radiation at much higher doses, in only a 

single or few treatments, as compared to traditional radiation therapy.  

 

This type of procedure is possible due to the development of advanced 

technologies that permit high doses of radiation to the lesion while minimizing the 

dose to surrounding healthy tissue and organs at risk. The aim is to deliver doses 

that will eradicate the tumour and achieve permanent local control. Stereotactic 

radiosurgery relies on several developed technologies [4]: 

 

 High resolution imaging and localisation techniques that allow determining 

the coordinates of the target within the body 

 Highly focused x-ray beams that converge at the target, 

 Image-guided radiation therapy (IGRT) which makes use of medical 

imaging to verify the location of a tumour before treatment, and in certain 

http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=218
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
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cases, during the delivery of radiation. IGRT allows delivering a precise and 

accurate treatment.   

 Systems to immobilise and carefully position the patient and maintain a 

reproducible patient position during treatment. 

 

The fusion of different three-dimensional imaging modalities, such as CT, MRI, and 

PET are used to locate the target within the body and  determine its exact size and 

shape (view Figure 1). These images are also used during the treatment planning 

stage where beams of gamma rays are planned to converge on the target area 

from different angles. 

 

Figure 1: Registration of CT and MR images of a patient presenting a brain tumour 
(arrow, left). The MR-based tumour region was transferred to the CT scan to 
design the treatment (image on the right). 

 

 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=22
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=8
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
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Although stereotactic radiosurgery generally refers to a one-day treatment, in 

certain occasions physicians may recommend multiple treatment fractions. This is 

particularly important for larger tumours to avoid over-irradiating surrounding 

normal tissue, the volume of healthy tissue irradiated increases proportionally to 

the tumour size. Delivering the treatment in a few fractions as opposed to one, can 

allow the normal tissue to repair in between sessions. Thereby, fractionated 

treatments deliver high doses within the target, maintaining an acceptable safe 

therapy. This procedure is usually known as fractionated stereotactic radiotherapy 

(SRT). 

 

Stereotactic radiotherapy is an important alternative to invasive surgery, especially 

for patients who are unable to undergo surgery and for tumours and abnormalities 

that are hard to reach, located close to vital organs/anatomic regions, and/or 

subject to movement within the body 

 

Stereotactic radiosurgery is used to treat many types of brain tumours including: 

 

 benign and malignant 

 primary and metastatic 

 single and multiple 

 residual tumour cells following surgery 

 intracranial, orbital and base-of-skull tumours 

 arteriovenous malformations (AVMs), a tangle of blood vessels connecting 

arteries and veins in the brain that interrupts normal blood flow in the brain 

and on some occasions bleeds.  

 other neurological conditions such as trigeminal neuralgia, tremor, etc. 

 

http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=147
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=52
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=165
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=466
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=463
http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=337
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Like other forms of radiation, stereotactic radiosurgery does not actually remove 

the tumour; rather it damages the DNA of the targeted cells. The affected cells 

then lose the ability to reproduce, which causes tumours to shrink. Following 

treatment,  benign tumours usually shrink after the first year of treatment  [5], [6]. 

Malignant and metastases usually shrink over a period of 18 months to two years 

[7]. Many tumours will remain stable and inactive without any change. Since the 

aim is to prevent tumour growth, this is considered a success. In some tumours, 

such as acoustic neuromas, a temporary enlargement may be observed following 

therapy due to an inflammatory response within the tumour tissue that over time 

either stabilises, or a subsequent tumour regression is observed called 

pseudoprogression [8]. 

 

4.1.1 Equipment used 

 

There are three main types of equipment, each of which uses different technology 

and sources of radiation:  

 

 The Gamma Knife, which highly focuses 192 or 201 gamma ray beams to 

the target. The Gamma Knife is advised to treat small to medium size 

intracranial tumours. 

 Linear accelerator (LINAC) machines, the most common type of machine 

throughout the world, deliver gamma rays, also known as photons. The 

linear accelerator can perform stereotactic radiosurgery to a range of 

tumours in a single session or during multiple treatments. A variety of 

manufacturers make this type of equipment, including Elekta AB (Publ) and 

Varian medical systems. 

http://www.radiologyinfo.org/en/info.cfm?pg=stereotactic
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 Proton beam or heavy-charged-particle radiosurgery has limited availability 

worldwide, though the number of centres offering proton therapy has 

increased rapidly over the past years. 

 

4.1.2 Procedure 

 

The procedure is very similar for the three available techniques: gamma knife, 

LINAC therapy and proton therapy, although there are some differences. 

Radiosurgery using LINAC based technology is described in detail, as this is the 

equipment used in the present study.  

 

Linear accelerator treatments consist of four phases:  head frame placement (see 

Figure 2), imaging, computerized dose planning and radiation delivery.  

 

The MRI and CT scans are performed before treatment; a CT scan with the frame in 

place is acquired. SRT is similar to SRS but without an invasive head frame and a 

plastic head mask is used to avoid patient motion during treatment, which also 

improves patient comfort. The development of frameless SRS has become 

available due to the development of image-guidance during treatment delivery. 

Most LINACs with SRS capability are moving towards frameless SRS.  

 

 

 

 

 

 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=156
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Figure 2: The stereotactic mask immobilization system (A) head-ring Brainlab 

frame (B) the BrainLAB localiser from the BrainLAB hardware manual. 

 

 

 

 

 

 

 

 

The physician contours the tumour and organs at risk (OAR) in the different 

imaging modalities available.  During the next phase, the radiotherapy physicist 

and/or planning dosimetrist optimise a treatment plan using specialised computer 

software to irradiate the tumour and minimize dose to surrounding normal tissues. 

 

The last stage is the radiation delivery, where the patient lies on the couch in the 

same position as during CT imaging using the head frame. During treatment part of 

the LINAC, the gantry, rotates around the patient delivering the radiation from 

different angles, in many cases the couch also moves allowing a more conformal 

dose distribution around the tumour (non-coplanar treatment).  

 

Radiation may cause early side effects during or soon after treatment, which are 

generally gone within a few weeks. Late side effects may develop months or years 

later. Common early radiation side effects of intracranial radiation therapy include 

skin problems, hair loss in the treatment region, headaches, soreness and swelling 

in the treatment area. 

 

 

http://www.radiologyinfo.org/en/glossary/glossary1.cfm?gid=126
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Late side effects are rare and are often permanent. Some of these include brain 

changes and secondary cancer. Following radiation treatment for cancer, the 

patient is checked on a regular basis by the radiation oncologist for recurring 

and/or new cancers. Stereotactic radiosurgery aims to achieve tumour control 

while limiting its effect on normal tissue to minimise the side effects of the 

treatment.  

 

In radiotherapy, the objective has always been to deliver maximum dose to the 

target volume, while avoiding dose to the healthy surrounding structures. The 

progress made in the last few years in imaging technology and dosimetric software 

has facilitated achieving this goal by visualising the dose distribution within the 

target structures. As a result of this progress, several treatment plans can now be 

easily generated for the same patient. The spatial dose distribution in these plans 

can then be visualized using dose-volume histograms (DVHs) and isodose lines 

(IDs), defining parameters such as maximum dose (Dmax), minimum dose (Dmin) 

and mean dose (Dmean) delivered to each structure. Unfortunately, the large 

volume of information within these histograms, isodose lines and curves may 

complicate the problem rather than simplifying it. It is therefore desirable to 

define a tool that can integrate these data in a simpler way to quantitatively assess 

the quality of the treatment plan available. Ideally this tool should help make a 

decision in favour of a plan which provides maximum tumour coverage 

homogeneously and minimise dose to healthy tissues at the same time. The 

homogeneity index (HI) and the conformity index (CI) are tools for treatment plan 

analysis in conformal radiotherapy. 
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4.1.3 Treatment modality 

 

Four techniques have primarily been applied in linear accelerator-based, single-

fraction stereotactic radiosurgery and fractionated stereotactic radiotherapy for 

brain tumours: conventional arc therapy, dynamic conformal arcs (DCA), static 

fields (refer to Figure 3) and intensity modulated radiotherapy (IMRT). Several 

studies have compared the dosimetric difference between conventional arc 

therapy and 3D-conformal radiotherapy (3D-CRT) [9] [10]. These studies have 

concluded that 3D-CRT with a micro-multileaf collimator demonstrated an 

enhanced ability to conform the dose distribution to an irregularly shaped target.  

 

Figure 3: Intracranial lesión plan with: A) nine static fields; B) four dynamic 
conformal arcs. 

 

The technique of DCA, which can include intensity-modulated arc therapy, has 

been applied to intracranial tumour treatment within the previous decade. 

Dynamic conformal arc therapy can offer highly conformal dose distributions for 

different sites, and the planning is sometimes faster than for 3D-CRT. However, 

most commercial planning systems for DCA use forward planning methods, 

obliging the planner to compare different plans visually and then adjust the 

parameters. The use of IMRT, with an inverse planning strategy, starting with a 
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description of a desired dose distribution and then deriving the beam intensity 

profile, has been widely implemented for treatment of various extracranial 

tumours. IMRT can allow steep dose gradients between a target and a nearby 

dose-limiting structure. 

 

4.2 Conformity and Homogeneity index 

 

Conformal radiotherapy aims to achieve the best adaptation of the shape of the 

prescription isodose envelope to the shape of the target in order to reduce the 

dose to critical structures. Conformal radiotherapy significantly decreases the 

incidence of late adverse effects and probably improves the patient's quality of life 

by reducing the volume of healthy tissue irradiated. 

 

The development of medical imaging technology and dosimetric software has 

allowed achieving the visualisation of the spatial dose distribution within the 

desired structures. Therefore various treatment plans can now be easily created 

for the same patient. The dose distribution from the generated plans can then be 

visualised in the form of dose volume histograms and isodose lines, where 

different parameters can be defined, e.g. maximum dose, minimum dose and 

mean dose delivered to each structure. 

 

The large number of data contained in these dose volume histograms, isodose 

lines and 3D-planes may complicate the problem rather than simplifying it. An 

additional tool is required for integrating all this information to quantitatively 

assess the quality of the treatment plan options. The ideal solution would be a 

system that integrates all data to present it in a simpler way, for example a score 

that provides the relationship between treated tumour tissue and non-irradiated 

healthy tissues. These tools should allow one to easily compare different plans, 
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and hence choose the plan that provides maximum tumour coverage homogeneity 

whilst minimising the dose to healthy tissues at the same time. The homogeneity 

index (HI) and the conformity index (CI) are tools for treatment plan evaluation in 

radiotherapy. 

 

The conformity index was first introduced in 1993 by the Radiation Therapy 

Oncology Group (RTOG) and described in Report 62 of the International 

Commission on Radiation Units and Measurements (ICRU); however, it has not 

become part of routine practice. With the increasing development of conformal 

radiotherapy, the conformity index could well play an important role in the future 

[11]. 

 

4.3 Neuromas 

 

An acoustic neuroma is a benign slow growing tumour and constitutes about 6% of 

all primary intracranial tumours. Vestibular Schwannoma (VS) results from an 

overproduction of Schwann cells, cells that normally wrap around nerve fibres and 

help support the nerves. VS arise primarily from the vestibular portion of the VIII 

cranial nerve and is in the cerebellopontine angle, see Figure 2. The abnormal 

growth may compress the hearing and balance nerves resulting in gradual hearing 

loss, tinnitus or ringing in the ears, and dizziness. Large tumour can interfere with 

the facial nerve causing partial paralysis, and eventually press against nearby brain 

structures. Early diagnosis of an acoustic neuroma is crucial to prevent its serious 

consequences 
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Figure 4: Acoustic neuroma in the inner ear [12]. 

 

 

Acoustic neuroma was first described in the Netherlands in 1777. However, an 

accurate clinical description was presented in 1830. The first successful operation 

occurred in London in 1884, the mortality following excision was at least 80%. 

Surgery was the only available option; the results improved gradually but were still 

far from satisfactory the early 1960s. Introduction of microsurgical resection and 

localisation using computerized tomography and magnetic resonance imaging 

modalities, further reduced the intraoperative death rates to 0.8-5% [13]. 

 

There are two types of acoustic neuroma: unilateral acoustic neuromas affect only 

one ear, symptoms usually develop between the ages of 30 and 60 years. Bilateral 

acoustic affect both ears, are hereditary, this tumour results from a genetic 

disorder known as neurofibromatosis-2 (NF2), symptoms usually occur in their 

teens or early adulthood. Surgery is complicated because patients usually have 

multiple tumours; further research is required to evaluate the best treatment 

approach in these circumstances. NF2 patients may develop tumours on other 

cranial nerves that can alter swallowing, speech, eye and facial movement, and 

facial sensation. 
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Treatment options 

 

Early diagnosis of an acoustic neuroma is essential to prevent its serious 

consequences. MRI is the technique of choice for the diagnosis of acoustic 

neuroma, see Figure 5. There are three treatment options available: surgical 

removal, radiation, and watchful waiting. Typically, the tumour is surgically 

removed. The type of operation will depend on the size of the tumour and the 

level of hearing remaining. 

 

Figure 5: Frontal, axial and horizontal view of an acoustic neuroma of the eight 
cranial nerve in the internal auditory canal.  

 

 

For very small tumours, hearing function may be preserved and symptoms may 

improve after surgical removal. For larger tumours excision becomes more 

complicated because the tumour may have already damaged the facial, hearing, 

and balance nerves. In these cases the nerves themselves may also need to be 

partially removed, worsening the symptoms. 

 

As an alternative to conventional surgical techniques stereotactic radiosurgery 

reduces the size or limits the growth of the tumour. Radiation therapy is 

sometimes the preferred option for elderly patients with poor health, patients 
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with bilateral acoustic neuroma or patients whose tumour is affecting their only 

hearing ear. In elderly or patients with poor heath the preferred option may be to 

"watch" the tumour with repeated MRIs to monitor the tumour for any growth. 

 

4.4 Meningiomas 

 

Meningiomas arise from the meninges, this is layers of tissue that surround and 

protect the brain and spinal cord. These types of lesions are generally benign slow 

growing although a small percentage is malignant. Atypical grade II meningiomas 

are found in 5 to 7% of all cases, incidence of malignant grade III meningiomas 

affects 0.17 out of 100,000 people per year [14]. Some meningiomas are 

asymptomatic and if discovered may only require periodic observation. The first 

successful surgeries date back in the beginning of the 1800s. 

 

There is a female predominance and are most common in people between the 

ages of 40 and 70. Their most common clinical presentations include headache, 

seizures, and focal neurological deficits specific to the lesion's location.  The most 

common locations are the parasagittal area, and the cavernous sinus [15]. 

 

Figure 6: Common location (types) of meningiomas [16]. 
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Surgery and radiotherapy are the main two treatments available and some 

patients may have both. Most meningiomas have good long-term prognosis. 

Previous studies have reported a five year relative survival following diagnosis 

exceeding 80% [17]. The large majority of lesions may be cured by surgery [18]. 

The primary aim of surgery is complete removal of the target. SRS and SRT can be 

used for partially resected meningiomas, as well as the primary treatment for 

inoperable tumours in close vicinity to organs at risk [19] [20]. 

 

Figure 7: Details of a typical meningioma treatment plan. 

 

 

4.5 Adenomas 

 

The pituitary gland is of extreme importance, it regulates the function of many 

other glands and organs of the body. It lies behind and between the eyes at the 

base of the brain, just beneath the hypothalamus to which it is connected by a thin 

stalk, see Figure 8. 

 

The pituitary gland is divided into two parts: the anterior (adenohypophysis) and 

the posterior pituitary (neurohypophysis). Two-thirds of all pituitary tumours occur 

in the anterior portion of the gland. 
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The pituitary gland is controlled by substances sent by the hypothalamus. Then, 

the pituitary gland has different type of cells that secrete a range of hormones into 

the bloodstream. Hormones regulate different body functions, such as bone and 

muscle growth, sexual development and the ability to fight disease. Pituitary 

tumours originate from one of these cells and are named after the hormone they 

secrete.  

 

Figure 8: Pituitary tumour [21]. 

 

 

Incidence and type 

Pituitary adenomas are relatively common; the estimated prevalence rate in the 

general population is approximately 17% [22]. Most of them are benign slow 

growing lesions that never grow or cause symptoms. Often, the patient is 

undergoing a magnetic resonance imaging scan of the brain for a different reason, 

and the doctor finds a pituitary adenoma (PA). 

 

https://en.wikipedia.org/wiki/Prevalence
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Pituitary adenomas are classified depending upon their properties: 

 Size: A microadenoma is smaller than one centimetre in size; a 

macroadenoma is one centimetre or greater in size. 

 Aggressiveness: Most pituitary adenomas are benign and slow growing. 

Pituitary carcinomas spread to other parts of the body, and are 

extremely rare. 

 Hormone secretion: adenomas that secrete an active hormone called 

functional tumours. If they do not release a hormone, they are called 

clinically non-functioning adenomas. 

 

Symptoms 

The symptoms depend on the type of the pituitary adenoma, whether the tumours 

are hormone-producing or non-functioning. 

 Functioning adenomas release an active hormone in excess into the 

bloodstream. Patients generally suffer symptoms related to the hormone 

action on the body. 

 Non-functioning pituitary adenomas typically cause problems related to the 

size of the tumour, which compresses surrounding brain structures, a mass 

effect.  

 Large pituitary tumours can compress the optic chiasm, the optic 

nerves, leading to vision loss.  

 Large pituitary tumours can also press against the normal gland and cause 

pituitary failure. 

 

Symptoms related to functioning adenomas 

These tumours are named after the hormone they secrete. The pituitary gland 

secretes the following hormones: 

 

http://pituitary.ucla.edu/body.cfm?id=55
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 Prolactin (PRL) - PRL tumours are the most common pituitary tumours. In 

women, PRL adenomas stimulate breast milk production and regulates 

menstrual cycles. In men, high prolactin levels leads to impotence and 

infertility. This pituitary tumour occurs more frequently in women. 

 Growth Hormone (GH) - They are more common in men than women. In 

children, excess production of growth hormones leads to gigantism. In 

adults, it leads to enlargement of extremities and jaws. In addition, these 

patients may present symptoms such as hypertension, diabetes mellitus, 

heart disease and arthritis. 

 Adrenocorticotropic Hormone (ACTH) – Excess ACTH production causes the 

Cusing's syndrome. Resulting in excessive fat build up in various areas of the 

body, including the face, neck and abdomen. Other symptoms include easy 

bruising, hypertension, diabetes and excessive hair growth. Depression is 

common. ACTH tumours are more common in women than men.  

 Thyroid Stimulating Hormone (TSH) - These tumours are rare. Excess 

production leads to hyperthyroidism, which causes hypertension, weight 

loss, irritability and intolerance to heat. 

 

Symptoms related to non-functioning adenomas 

Non-functioning tumours are characteristically slow-growing. If they are not 

compressing the visual nerves, such tumours are often not diagnosed.  However, 

some tumours may damage the normal gland, resulting in a reduction in 

production of one or more hormones, or press against visual nerves.  

Most commonly the first sign is loss of peripheral vision. Other visual problems can 

include blurry vision or colours not perceived as bright as usual. Symptoms of 

pituitary insufficiency are usually associated to lack of thyroid hormone, cortisol 

and sex steroid hormone production; resulting in a variety of symptoms; such as 
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decreased energy, hair loss, low blood pressure, impotence, weight gain and 

menstrual irregularity. 

 

Treatment 

The management of pituitary adenoma depends on several factors, including: 

 Hormone production by the tumour 

 Tumour size 

 The extent that the tumour compresses surrounding structures 

 Age and general health 

 

Microsurgery is generally used to treat a non-functioning tumour. Afterward, if the 

residual tumour is small and the nerves are not compressed, observation may be 

sufficient. However, if there is still compression of the nerves or if there is 

recurrence, radiosurgery may be recommended. 

 

Patients with functioning adenomas generally require immediate relief of their 

symptoms; microsurgery is usually used as the primary treatment. Prolactin 

secreting tumours can often be treated with medication only. Radiosurgery is the 

preferred option for recurrent tumours. Radiosurgery is not recommended for 

tumours pressing against the visual nerves because of the risk of injury to these 

nerves. 

 

Although radiosurgery can be utilized as the primary treatment for pituitary 

tumours, it is generally reserved as secondary therapy after residual or tumour 

recurrence. 
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4.6 Brain metastases 

 

Brain metastases are cancerous cells that have spread from another part of the 

body to the brain. The most common primary tumours are lung cancer, breast 

cancer and melanoma. However, almost any cancer can spread to the brain. 

Cancer treatments and diagnostic imaging technology have increasingly developed 

in recent years, allowing patients to live longer with the disease. Unfortunately, 

brain metastases can occur sometimes months or even years after their primary 

cancer treatment. There are several treatment options available for patients with 

brain metastases. 

 

Metastases most often appear at the junction of the grey matter and white 

matter. This area is rich with blood vessels of very narrow diameter, and 

metastatic cells often lodge there. Grey matter is responsible for computational 

thinking, and white matter is where communication between different areas of the 

brain occurs. 

 

Most brain tumours appear in the cerebral cortex, the two large hemispheres of 

the brain where most high-level functions occur (such as consciousness, language, 

memory and sensory perception). Fifteen percent of brain metastases develop in 

the cerebellum, which regulates complex voluntary muscle movements. Five 

percent of metastatic tumours develop in the brain stem, responsible for the 

direction of functions such as visual coordination, balance and swallowing. 

 

In a small number of cases, brain metastases may appear before the original 

cancer is diagnosed. This is called a metastasis of unknown origin. 
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Figure 9: Functions of the lobe of the brain [23]. 

 

 

Symptoms 

The symptoms are quite varied and depend on the size and location of the tumour 

or tumours.  Sometimes there are no obvious symptoms and the spread may only 

be detected after a routine follow-up visit. Some common symptoms can include 

headaches, dizziness, nausea, impaired vision, memory loss, personality changes, 

or speech changes. Sometimes changes in nerve function may cause numbness or 

weakness in part of the body; problems with balance can also occur. 

 

Treatment 

Treatment for brain metastases is primarily palliative, with the aim to improve 

quality of life and control symptoms. In some cases treatment can also prolong life. 
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Radiation Therapy 

Radiotherapy is effective for treating some brain metastases. There are different 

treatment modalities such as fractionated radiotherapy and radiosurgery. For 

decades, whole brain irradiation has been used to treat patients with multiple 

lesions and/or a life expectancy of less than three months. However, it may have 

severe side effects, including radiation necrosis, dementia, hair loss, nausea, 

headaches and otitis media 

 

Surgery 

Surgery can help manage symptoms such as relieving pressure in the brain. 

Surgery is often considered for single brain metastases, controlled systemic 

disease, a life expectancy of at least 3 months and good performance status. 

Surgery is often followed by radiosurgery or whole brain radiotherapy to improve 

the outcomes [24]. 

 

Chemotherapy 

Chemotherapy has a limited role in treating brain metastases due to the blood-

brain barrier, which restricts agents penetrating into the brain. However, newer 

drugs may be able to pass through the blood brain barrier to help control the 

metastatic tumour. 

 

Stereotactic Radiosurgery 

Stereotactic radiosurgery is being increasingly used for the treatment of a limited 

number of brain metastases. Stereotactic radiosurgery alone or combined with 

whole brain radiation therapy has been shown to achieve excellent local tumour 

control and improve functional status of patients [25]. 

https://en.wikipedia.org/wiki/Necrosis
https://en.wikipedia.org/wiki/Dementia
https://en.wikipedia.org/wiki/Otitis_media
https://en.wikipedia.org/wiki/Stereotactic_radiosurgery


                                                                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
34 

 

 

 

 

JUSTIFICATION FOR THE RESEARCH 



 

Justification for the research                                                                                     35 

 

 

5. JUSTIFICATION FOR THE RESEARCH  

 

The goal of stereotactic radiosurgery (SRS) and radiotherapy (SRT) is to achieve 

optimal dose conformity (i.e., to limit the prescription dose to the target volume), 

thus excluding normal tissue from the high dose region. It has been shown that 

complications from SRS/SRT are related to the volume of normal tissue (NT) 

receiving a minimal dose [26] [27]. Conversely, it is important to maintain a high 

degree of coverage of the target volume by the prescription dose, because a 

reduction in dose to spare normal structures has been shown to lead to an 

unacceptable rate of tumour recurrence [28] [29].  

 

Attempts have been made to describe in a single parameter the degree of 

conformity of the prescription isodose to the target volume, which has given rise 

to a number of different conformity parameters [11] [30]. Similarly, a variety of 

parameters, such as target coverage [31] [32] or target underdosage volume [32] 

are used to quantify how well the target volume is covered by the prescription 

isodose. A conformity index is a useful tool for scoring a given plan or for 

evaluating competing treatment plans for the same patient.  

 

A series of 116 of actual treatment plans for treating both malignant and benign 

brain lesions with SRS and SRT between 2007 and 2013 were analysed using 

various conformity indices and doses to the target. The aim of this study was to 

find the correlation between CI/HI, doses to the PTV, tumour volume and the 

treatment outcomes. In addition, we have investigated the correlation between 

the CI/HI for a range of isodoses. Although the same treatment can be prescribed 

to various isodoses, conformity depends on the IDs selected. 
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6. JUSTIFICACIÓN DEL ESTUDIO (Castellano) 

 

El objetivo de la radiocirugía estereotáctica es conseguir una conformidad óptima 

de la dosis (esto es, limitar la dosis de prescripción únicamente al volumen del 

blanco), excluyendo altas dosis de radiación en el tejido sano. Se ha demostrado 

que las complicaciones debidas a la radiocirugía estereotáctica están relacionadas 

con el volumen de tejido sano radiado [26] [27]. Al mismo tiempo es importante 

mantener una alta cobertura de la dosis de prescripción al tumor, porque se ha 

demostrado que una reducción de la dosis para proteger a estructuras sanas 

puede resultar en una tasa de control tumoral inaceptable [28] [29].  

 

Previamente se ha intentado describir un solo parámetro que cuantifique el grado 

de conformidad de la prescripción en el volumen, lo que ha resultado en varios y 

diversos índices de conformidad [11] [30]. De forma similar, una variedad de 

parámetros, como cobertura [31] [32] del tumor por la isodosis de prescripción, se 

usan para cuantificar la dosis al tumor. El índice de conformidad (CI) es una 

herramienta útil para determinar la calidad de un plan o comparar diferentes 

planes de tratamiento. 

 

En el presente estudio se han incluido 116 planes de tratamiento para tratar 

lesiones tanto malignas como benignas con radiocirugía y radioterapia 

estereotáctica, los pacientes fueron tratados entre el 2007 y 2013. Donde dos 

índices de conformidad y dosis al tumor han sido analizados. El objetico del 

presente estudio era encontrar una correlación entre los índices de conformidad, 

homogeneidad (HI) y las dosis al tumor y los resultados del tratamiento. 

Finalmente también se ha investigado la correlación entre el CI/HI y dosis al tumor 

para diversas isodosis. Ya que diferentes centros prescriben a diferentes isodosis, y 

los CI/HI dependen de la dosis de prescripción. 
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7. HYPOTHESIS and OBJECTIVES 

HYPOTHESIS 

 

The conformity index is negatively correlated with the efficacy and positively 

correlated with the toxicity of the treatment. The homogeneity index is correlated 

with the efficacy and toxicity. In addition, it is expected to find a correlation 

between the doses to the target volume and conformity and homogeneity index. 

 

OBJECTIVES  

 

In order to confirm the hypothesis the objectives were the following: 

 

A. Investigate the dosimetric differences among static fields and dynamic 

conformal arcs for a broad range of tumour volumes in an effort to 

determine whether a preferred method can be identified on the basis of 

pre-treatment characteristics. 

 

B. Evaluate prognostic factors for local control rate and survival rate for 

patients treated with stereotactic radiosurgery (SRS) and radiotherapy (SRT) 

for new, progressive, or recurrent brain metastases with or without prior 

surgery/radiotherapy. Determine the long-term risk of tumour recurrence in 

patients having single and fractionated stereotactic radiosurgery for 

intracranial metastases. 

 

C. Investigate the outcomes of patients with. Determine differences in 

treatment outcomes between stereotactic radiosurgery and radiotherapy at 

the same institution. Determine prognosis factors for tumour control and 
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toxicity. Analyse the correlation between the radiosurgical treatment 

parameters and the tumour volume.  

 

D. Investigate the efficacy and toxicity of the treatment by assessing the extent 

of tumour control for pituitary adenomas. Determine if there is a change in 

tumour size after treatment. 

 

E. Evaluate the efficacy of LINAC based stereotactic radiosurgery and 

radiotherapy in the management of meningiomas and to report our 

experience using this technique. 

 

F. Find a correlation between conformity, homogeneity indexes and doses to 

the target volume for a range of isodose. Finally, determine a correlation 

between these parameters and the efficacy and toxicity of the treatment.  
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8. HIPÓTESIS y OBJETIVOS (Castellano) 

 

HIPÓTESIS DE TRABAJO 

 

El índice de conformidad de Paddick está negativamente correlacionado con la 

eficacia y positivamente con la toxicidad. El índice de homogeneidad está 

correlacionado con la efectividad y la toxicidad del tratamiento. A su vez 

esperamos encontrar una correlación entre los índices de conformidad, 

homogeneidad y dosis al tumor.  

 

OBJETIVOS 

 

Para conocer esta hipótesis se han establecido los siguientes objetivos 

 

A. Investigar si existen diferencias dosimétricas entre diferentes técnicas de 

tratamiento, estas son: campos estáticos y arcos dinámicos. 

 

B. Determinar factores pronóstico para el control tumoral y la tasa de 

supervivencia para pacientes tratados con radiocirugía y radioterapia 

estereotáctica para el tratamiento de nuevas o recurrentes metástasis. 

Estudiar la probabilidad de recurrencia después del tratamiento para 

metástasis intracraneales. 

 

C. Determinar los resultados de pacientes tratados de neurinomas del 

acústico, investigar si existen diferencias entre pacientes tratados con 

radiocirugía o radioterapia estereotáctica. Encontrar factores pronóstico 

para el control tumoral y la toxicidad. Finalmente, analizar la correlación 

entre los parámetros del plan y el volumen del tumor.  
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D. Investigar la eficacia y la toxicidad del tratamiento del control tumoral de 

pacientes tratados de adenomas de la hipófisis. Determinar si existe cambio 

en el tamaño del tumor después del tratamiento.  

 

E. Investigar la eficacia y efectividad de pacientes tratado con radiocirugía y 

radioterapia estereotáctica diagnosticados con meningiomas.  

 

F. Encontrar una correlación entre los índices de conformidad, homogeneidad, 

dosis al tumor para un rango de isodosis de prescripción y volumen del 

tumor; y a su vez asociar estos con la efectividad y toxicidad del 

tratamiento.  
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9. PATIENTS AND METHODS 

9.1 Study Design 

 

Three different studies were carried out in patients with intracranial tumours: 

 

1) Firstly, a prospective cohort study was designed where plans were 

generated for 10 targets of varying volumes and shapes using a range of 

planning techniques to determine differences between planning 

techniques.  

2) Secondly, a retrospective study was investigated where the correlation 

between the CI/HI and doses to the target for a range of isodoses was 

studied, in total 26 patients were included in the analysis.  

3) Finally, a retrospective cohort study including 94 patients diagnosed with 

intracranial tumours and treated with stereotactic radiotherapy was 

conducted. 

 

Prospective study: Assessing differences between planning techniques 

The study was conducted at the Royal Surrey County Hospital NHS Foundation 

Trust, Guildford, UK. The planning study was performed both on an 

anthropomorphic phantom (STEEV, Computerised Imaging Reference Systems, 

USA) and on a patient scan. 

 

STEEV planning study 

The STEEV phantom was kindly borrowed from the National Physics Laboratory 

(NPL) in Teddington, England. STEEV is a CIRS anthropomorphic phantom, refer to 

Figure 10. The exterior allows the use of multiple positioning and fixation devises 
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as used in clinical application. The interior of the phantom is formed with cortical 

and trabecular bone, brain, spinal cord and teeth.  The Phantom contains average 

brain, bone, spinal cord and soft tissues mimicked within 1% accuracy. STEEV can 

accommodate a range of interchangeable tissue equivalent inserts; in the present 

study an insert with two irregular shaped targets was used.  

 

Figure 10: CIRS STEEV anthropomorphic phantom [33]. 

 

 

Plans were generated for 7 targets (spheres of varying volumes: 1.4cc, 3.1cc, 6.5cc, 

10.5cc, 17.5cc; and 2 irregular shaped targets (8cc and 17.4 cc, refer to Figure 1)) 

using a range of planning techniques, to determine differences between treatment 

modalities. The irregular shaped target were both concave and convex to mimic 

irregular tumour.  

 

Figure 11: Irregular targets on STEEV anthropomorphic phantom. 
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Patient planning study 

Plans were generated for four different type of lesions of varying size (4.1cc, 6.3cc, 

3.6 cc and 12cc), shape (spherical, concave and convex) and location using static 

fields and dynamic conformal arc, finally the doses to the PTV and normal tissue 

doses were compared. 

 

Retrospective study: Assessing correlation between planning parameters for a 

range of isodoses 

The study was carried out with patients treated at the University Hospital of 

Albacete. The correlation between the CI/HI and doses to the target was 

determined for a range of isodoses, in total 26 patients were included in the 

analysis. The CI, HI, minimum, mean and maximum dose to the PTV were recorded 

for the 80%, 90%, 95% and 100% isodoses. The lesions included were: neuromas, 

meningiomas and metastasis. Out of the 26 patient, 20 patients had 1 lesion, 3 had 

2 lesions, and 3 patients had 3 lesions. In total 33 tumours were included, from 

which 24 were treated with SRS and 11 with SRT. 

 

Retrospective study: Clinical study 

The study was conducted with patients treated at the University Hospital of 

Albacete. The patients included in the study were diagnosed with meningioma, 

neuroma, adenoma and brain metastases. All the patients were treated in the 

University Hospital of Albacete between 2007 and 2013. The patient demographic, 

planning parameters and patient symptoms before and after treatment were 

recorded. 
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9.2 Three-dimensional treatment planning 

 

 Retrospective study 

 

The SRS and SRT treatments were delivered with the linear accelerator (Varian 

Clinac 600 C/D). A Brainlab m3 multileaf collimator was used with a leaf thickness 

of 3 mm. SRT patients were immobilized with an individually formed mask, and SRS 

patients were immobilized in a stereotactic frame (head rings Brainlab).  All 

Patients underwent CT (computed tomography) and MRI (magnetic resonance 

imaging) T1-weighted acquisitions with and without gadolinium and T2-weighted 

MRI, the slice thickness was 0.8 mm. Fusion of MR and CT imaging was performed 

to allow planning of the planned target volume (PTV) and critical structures 

(brainstem, optic chiasm, optic nerves, eyes and lenses). GTV was defined as the 

area of contrast enhancement on T1-weighted MRI. The PTV was defined as the 

GTV plus a 1 to 2mm safety margin. The planning technique was dynamic 

conformal arc and static fields depending on the tumour size and location. 

 

 Prospective study 

 

The STEEV phantom was CT scanned with 1.25 mm slice thickness. Plans were 

generated for 7 targets (spheres of varying volumes: 1.4cc, 3.1cc, 6.5cc, 10.5cc, 

17.5cc; and 2 irregular shaped targets (8cc and 17.4 cc)) using a range of planning 

techniques, which included the following: 

 

 DCA: 3,4 and 5 arcs 

 Static fields: 7 and 9 static fields 

 PTV to multi leaf collimator (MLC) margin (from the outer edge of the MLC): 

1-3 mm for 4DCA  

 table angle spread : varying table angle between  90-120 degrees with 4DCA 
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 Gantry spread angle : varying gantry angle between  120 and 140 degrees 

with 4DCA 

 Energy: 6Megavoltage (MV),  10MV (Flattening Filter Freer)FFF & 6MV FFF 

using 4DCA 

 

To ensure a fair comparison between techniques, all parameters were fixed except 

for the element to be tested; there was no manual adjustment of MLCs, margins, 

normalisation, etc.  

 

On the real patient scan 3 different plans were generated for lesions in different 

locations using both static fields and dynamic conformal arcs. In addition, the 

irregular lesion within STEEV was also planned with the same techniques. PTV, 

normal tissue doses and CI/HI were then compared.  

 

The aim was to achieve the best clinical plan, to do so there were different 

planning options available: 

 Manual MLC adjustment 

 Creation of pseudo structures from the PTV 

 Modification of field weightings 

 Normalisation adjustment 

 

9.3 Patients included in the retrospective study  

9.3.1 Inclusion Criteria 

 Patients diagnosed with neuroma, meningioma, adenoma and metastasis 

 Intracranial tumours 
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9.3.2 Exclusion Criteria 

 Patients that have not completed the stereotactic radiotherapy treatment 

will not be included in the study. 

 Patients with a follow up less than 6 months, unless the patient died of 

causes related to the lesions or treatment. 

 

9.4 Sample Size 

The main objective of the study was to find the efficacy of stereotactic 

radiotherapy in patients diagnosed with meningiomas, neuromas, adenomas and 

brain metastases.  According to previous reports the 5-year disease free survival in 

this type of treatment varies between 50%-100% [34] depending on the type of 

tumour. Selecting a confidence interval of 95% and a power of 95% the sample size 

required to compare two proportions was at least 16 patients per group (Argimón 

Pallás, 2004) p.24 [34]. Four types of diseases were investigated, therefore at least 

64 patients were required 

 

Retrospective study:  After the selection process 94 patients were selected for the 

longitudinal study to find a correlation between planning parameters and efficacy 

and toxicity of the treatment 

 

Retrospective study:  In total 26 patients were included in the analysis to 

investigate the correlation between the CI/HI and doses to the target for a range of 

isodoses,  

 

Prospective study: In total 11 lesions were planned with a variety of techniques. 
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9.5 Variables of the Study 

The following variables were selected to characterise the patients, which were 

organised into four different groups: 

 

A. Affiliation information: 

 

 Patient departmental number 

 Date of birth 

 Sex: male/female 

 

B. Tumour information relevant for the investigation 

 

 Type of tumour: neuroma, meningioma, adenoma and metastases. 

 Number of tumours 

 Description of the first symptoms: Descriptions of the symptoms prior to 

treatment. 

 Previous treatments: Whole brain radiotherapy and/or surgery. 

 

C. Radiotherapy planning data information 

 

 Treatment start date 

 End of treatment date 

 Type of treatment: Stereotactic radiosurgery or stereotactic fractionated 

radiotherapy 

 Type of technique: static conformal fields or dynamic conformal arcs. 

 Dose Prescription: Total dose prescribed to the tumour 

 Number of fractions: Number of sessions in which the tumour was 

irradiated.  
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 Gross tumour volume (GTV): Gross palpable or visible/demonstrable extent 

and location of malignant growth, as defined by the International 

Commission of Radiation Units and Measurements ICRU 62 [35] 

 Minimum, maximum and mean dose to the GTV: This is the minimum, 

maximum and mean dose that the GTV received during treatment. 

 Planning target volume (PTV) defined by ICRU 62 [35]: Includes the GTV and 

an added margin. The margin is added to compensate for the effects of 

organ and patient movement, and inaccuracies in beam and patient setup.   

 Minimum, maximum and mean dose to the PTV: This is the minimum, 

maximum and mean dose that the PTV received during treatment. 

 Normal tissue mean doses – Outer contour (Normal tissue) without 

including the PTV and OARs.  

 Mean and maximum dose to the organs at risk (OAR): Mean and maximum 

dose received by the OAR during treatment. The OAR evaluated were: 

corpus callosum, eyes, lenses, optic nerve, optic tract, optic chiasm.  

 Conformity index defined by the treatment planning system iPlan: 

 

                        
PTV

HT

V

V
CI  1  Equation 9-1 

 

Where VHT is the volume of the healthy tissue receiving the prescription dose and 

VPTV is the volume of the PTV receiving the prescription dose. The value ranges 

between 1-∞, the ideal value is 1. The CI describes the relation between the 

volume of tissue receiving the indicated dose and the volume of the PTV receiving 

the same dose.  

 

 The conformity index, CIPaddick , suggested by Paddick [30], is another 

commonly utilized radiosurgery conformity measure. It is defined as: 
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PIVTV

TV
CIpaddick PIV




2

   
Equation  9-2 

  
 

    
Where the target volume (TV) is the PTV, the PIV is the prescription isodose 

volume, the TVPIV is the target volume covered by the prescribed isodose (PI). A 

perfect plan would have TVPI=TV=PI and yield a CIPaddick of 1.0, refer to Figure 12. 

The values are expressed as percentage. 

 

Figure 12: Cross-section of five different three dimensional treatment plans. The 

area shaded in grey is the target. The dashed line is the prescription isodose 

volume. 

 

 The homogeneity index (HI) was defined for stereotactic radiotherapy as: 

 

escribed

Max

D

D
DpDDHI

Pr

max/max 

   
Equation  9-3 

  
 

 The coverage defined in 1993 by RTOG radiosurgery guidelines [11] as the 

ratio of doses: 

 

escribed

MIN

D

D
DpDD

Pr

min/min 

   
Equation  9-4 

 The mean dose to the target volume: 
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escribed

Mean

D

D
DpDmeanDmean

Pr

/   Equation  9-5 

 

The minimum, mean and maximum dose to the PTV and CI and HI for the 100% 

isodose were recorded for the entire cohort. The doses to the PTV, CI and HI for a 

range of isodoses (80%, 90%, 95%, 100%) was only recorded for 33 patient. 

 

D. Follow up information data 

 Last patient date appointment: This is the date of the last appointment or 

the date of the patient’s death.  

 Recurrence: Tumour relapsed or progression free survival was recorded. 

Local tumour control was defined as clinically stable neurological status 

and/or tumour stabilisation or regression. 

 New lesions different from the ones treated with stereotactic radiotherapy.  

 Type of treatment for the recurrent lesions. 

 Follow up symptoms: The acoustic, facial, trigeminal nerve functions and 

any other neuropathology was evaluated. Complications were considered 

long-term if these occurred 3 months post treatment. Any new or 

worsening cranial nerve complication was scored as a complication 

 Tumour size: At each follow up an MRI scan was carried out. Tumour 

volumes were measured on 2-mm thick follow-up T1-weighted enhanced 

images. The tumour volume was classified as: regression (at least 2 mm 

shrinkage in diameter), no change and a 2 mm enlargement as progression.  

 Patient condition at the last appointment: 

o Alive with tumour progression 

o Alive without tumour progression 

o Deceased with tumour progression 

o Deceased without tumour progression 
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 Time of death: Variable included for the mortality study, the values are yes 

or no. 

 

9.6 Data Collection 

 

In order to determine the number of patients to be included the data base from 

the Radiotherapy department of the University Hospital of Albacete was checked. 

In total 100 patients were treated with stereotactic radiotherapy, following the 

inclusion criteria 94 were included in the retrospective study.  

 

All patients underwent weekly reviews during treatment.  Patients were seen in 

clinic 6 weeks after radiotherapy to ensure acute toxicities had resolved. They 

were then seen 6 months and one year post treatment, at each follow up an MRI 

scan was carried out. The acoustic, facial, trigeminal nerve functions and any other 

neuropathology were also evaluated. Assuming that the imaging and symptoms 

were stable, thereafter clinic visits and MRI scans were conducted annually.  

 

All the data was collected from the patient’s notes and the electronic clinical 

records using Mambrino, software that integrates together patient appointments 

and medical history. In some cases the patients were contacted, when they were 

followed up by their general practitioner. The cut-off date of the last followed up 

visit was April 2015. 

 

All the data was entered in electronic format into a data base (SPSS version 15.0) 

specially designed for the study. The data base enclosed the patient diagnosis, 

tumour characteristics, treatment parameters and followed up symptoms. 
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9.7 Statistical Analysis 

 

Statistical analysis was performed with commercially available statistical software 

(SPSS version 15.0). 

 

9.7.1 Descriptive analysis 

Frequency distributions were calculated for qualitative variables. For the 

quantitative variable we reported the mean or median, standard deviation and 

range (maximum and minimum). 

 

9.7.2 Exploring relationships 

In order to explore the difference between two categorical variables chi square 

was calculated. The correlation between continuous variables was assessed using 

the Pearson product-moment or Spearman’s Rank Order Correlation (rho) for non-

parametric variable. The Pearson product-moment or Spearman’s rho value can 

only take on values between -1 to +1. The sign indicates whether there is a positive 

correlation (as one variable increases, so too does the other) or a negative 

correlation (as one variable increases, the other decreases). The interpretation of 

these results vary between authors. However, Cohen [36] recommended: 

 

Small: r-= 0.10 to 0.29 

Medium: r=0.30 to 0.49 

Large: r=0.50 to 1.0 

 

The relationship between the doses to the PTV and GTV, homogeneity, conformity 

indexes and the target volumes were explored. 
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9.7.3 Analysis of continuous variables 

Analysis of continuous parametric variables was calculated using the t-student 

test. Analysis of non-parametric variables was performed with the Mann-Whitney 

U test and Kruskal Wallis [37] (for studies with more than two variables); the 

results were considered significant for p values <0.05.  

 

9.7.4 Regression analysis 

Regression analysis was conducted to explore the relationship between categorical 

and continuous variables and a number of independent variables or predictors. 

Multiple regression is based on correlation, but allows a more sophisticated 

exploration of the interrelationship among a set of variables.  The following values 

were determined: 

 R square: tells you how much of the variance in the dependent variable is 

explained by the model.  

 Anova: To assess the statistical significance of the results (p<0.05) 

 Beta value standardised: gives an indication of the contribution of each 

variable to the prediction of the dependent variable.  

 Beta value unstandardized: the value allows constructing a regression 

equation. The standard error of each beta value was also reported. 

 Significance of Beta: indicates whether each variable is making a significant 

unique contribution (p<0.05) to the prediction of the independent variables. 

 

Linear regression was conducted. We explored the correlation between the 

homogeneity and conformity indexes, toxicity and efficacy of the treatment and 

volume of the PTV. 

 



 

    Patients and methods                                                                                            58 
  

9.7.5 Survival curves 

All survival-based outcomes were assessed using the Kaplan-Meier method. 

Following the next steps: 

 

1. Survival curve’s events: death, local tumour control failure, toxicity related 

to the stereotactic radiotherapy treatment. 

 

2. In order to determine risk factors the survival curves were compared using 

two univariate analysis methods (the Wilcoxon test and the log–rank test), 

the hazard ratio (HR) and the confidence interval of 95% were calculated 

 

 

3. Multivariate analysis method using the Cox proportional hazards model was 

calculated on variables that showed significance in the previous sections. 

Variables with significant p values (p < 0.05) on all three actuarial analysis 

methods were considered risk factor. A risk factor is a variable associated 

with a significantly higher incidence or earlier onset of a given complication. 

 

9.8 Ethics  

 

Ethics and research approval was obtained from the ethics committee and from 

the research department from the University Hospital of Albacete. Please refer to 

Appendix 1 and 2. The database created during the study was not attached to the 

patient notes. The data base was stored in a safe encrypted usb stick and a 

password protected computer. Only the members of the investigation team had 

access to the data. The database was codified so that the patient could not be 

identified. All the patient information relevant for the study was part of the 

database; however no data that could identify the patient was listed. 
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The patients were routinely reviewed by specialised doctors in clinics according to 

departmental protocols; no extra measurements that could cause an 

inconvenience to the patient or family were required for the study. Therefore we 

did not obtain informed consent from the patients.  

 

All the participants in the investigation followed the strictest confidentiality 

practices in order to ensure the patient and family privacy. Furthermore all the 

appropriate measures were taken to avoid non-authorized members access to the 

project data. The project was carried out following international recommendations 

on studies involving human beings and complying with the current legislation: 

 

 Constitutional Law 15/1999 of the 13th December concerning Protection of 

Personal [38].  

 The Convention for the Protection of Human Rights and Dignity of the 

Human Being with regard to the Application of Biology and Medicine signed 

in 1997 [39]. 

 Law 41/2002, of 14th November, a basic regulatory law that governs the 

patient’s autonomy and embraces rights and obligations concerning clinical 

information and documentation [40]. 
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10.RESULTS  

10.1 Prospective study: Planning study 

The aim was to determine the best technique to plan intracranial tumours. The 

planning study was performed both on the STEEV phantom and on a real patient 

scan, 1.25mm slice thickness.  

 

10.1.1 STEEV planning study 

Plans were generated for 7 targets (spheres of varying volumes: 1.4cc, 3.1cc, 6.5cc, 

10.5cc, 17.5cc; and 2 irregular shape target (8cc and 17.4 cc)) using a range of 

planning techniques. The doses to the planned target volume (PTV), brain and 

conformity/homogeneity were compared depending on: 

 

 DCA: 3,4 and 5 arcs (6MV, 2mm PTV to MLC margin, 100° table spread, 

120° arc spread) 

 Static fields: 7 and 9 static fields (6MV, 2mm PTV to MLC margin, 100° 

table spread, 120° arc spread) 

 PTV to MLC margin: 1-3 mm for 4DCA (6MV, 100° table spread, 120° 

arc spread) 

 Table angle spread : varying table angle between  90-120 degrees with 

4DCA (6MV, 2mm PTV to MLC margin, 120° arc spread) 

 Gantry angle spread : varying gantry spread between 120 and 140 

degrees with 4DCA (6MV, 2mm PTV to MLC margin, 100° table spread) 

 Energy: 6MV, 10MV FFF & 6MV FFF using 4DCA (2mm PTV to  MLC 

margin, 100° table spread, 120° arc spread) 

 

To ensure a fair comparison between techniques, all parameters were fixed except 

for the element to be tested; there was no manual adjustment of MLCs, margins, 

normalisation, etc.  
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Different plans were generated for 7 different targets, the parameters recorded 

were:  

 doses to the PTV (min., mean, max.), refer to Figure 13, Figure 15 and Figure 

17. 

 mean dose to the normal tissue, refer to Figure 19. 

 conformity indexes, refer to Figure 21 and Figure 22. 

 

The doses to the PTV, normal tissue and conformity index were recorded for each 

plan, and the average value for all plans was calculated.  The average values were 

plotted as a function of the technique (DCA or static fields), number of fields/arcs 

(3/4/5 DCA and 7/9 static fields) and planning parameters (1-3 MLC margin, 90-120 

table angle spread, energy, gantry angle spread), an overview of the results can be 

found on Figure 13 - Figure 20. Statistical analysis was not performed in this 

analysis due to the small sample size. 

 

Figure 13: Average maximum dose to the PTV (%) for a range of techniques and 
number of fields, 7 plans for 7 different targets were included in the analysis. 
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Figure 14:  Average maximum dose to the PTV (%) for a range of planning 
parameters, 77 plans for 7 different targets were included in the analysis. 

 

 

Dynamic arcs show up to 2% higher maximum average doses than static fields (up 

to 1-2% difference for all situations), refer to Figure 13. 6MV shows the maximum 

average dose to the PTV followed by 6MV FFF and 10MV FFF (up to 3% difference 

for all situations.). Maximum doses to the PTV increase with: 

 

 Decreasing the number of fields (up to 1% difference) 

 Increasing number of arcs (up to 1% difference) 

 Increasing the PTV to MLC margin (1-3% difference depending on shape). 

The more irregular the target the greater the difference.  

 Decreasing the table spread (up to 1% difference) 

 Decreasing the arc length (up to 0.5% difference) 
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Figure 15: Mean dose to the PTV (%) for a range of techniques and number of 
fields; 7 plans for 7 different targets were included in the analysis. 

 

Figure 16: Average mean dose to the PTV (%) for a range of planning 
parameters, 7 plans for 7 different targets were included in the analysis. 

 

 

The mean dose seems to be independent of number of fields/arcs or static/DCA 

(max. variation 1%) and the table or gantry spread angle. 6MV shows the 

maximum mean dose to the PTV followed by 6MV FFF and 10MV FFF, up to 3% 

difference. Mean doses to the PTV increase with increasing the PTV to MLC margin 

(up to 3% difference). 
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Figure 17: Average minimum dose to the PTV (%) for a range of techniques and 
number of fields, 7 plans for 7 different targets were included in the analysis. 

 

Figure 18: Average minimum doses to the PTV (%) for a range of planning 
parameters, 7 plans for 7 different targets were included in the analysis. 
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 Decreasing the table spread for irregular shaped targets (up to 1% 

difference) 

 

Figure 19: Average normal tissue mean doses (%) for a range of techniques and 
number of fields, 7 plans for 7 different targets were included in the analysis. 

 

Figure 20: Average normal tissue mean doses (%) for a range of planning 
parameters, 7 plans for 7 different targets were included in the analysis. 
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gantry arc length.  Mean doses to the PTV increase with increasing the PTV to MLC 

margin (less than 2% difference). 

Figure 21: CI vs HI for a range of techniques, number of fields and planning 
parameters. 

 

 

 

The CIp (Paddick Conformity index) and CI are negatively correlated and the 
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figures.  
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Figure 22: CIp for the prescription isodose (80%) for a range of techniques, number 
of fields and planning parameters. 7 plans for 7 different targets were included in 
the analysis. 
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10.1.2 Patient planning study 

 

Plans were generated for 4 type of lesions of varying location, using  3-4 dynamic 

conformal arcs and 9 static fields. The doses to the PTV, normal tissue doses and CI 

were compared. The aim was to achieve the best clinical plan, to do so there were 

different planning options available: 

 

 Manual MLC adjustment 

 Pseudo creation from the PTV 

 Modification of field weightings 

 Normalisation adjustment 

 

Similar results were obtained with all the techniques, the average total values 

were calculates for all plans the results can be seen in the following table and 

figure. 

 

Table 10-1: Average total MU, CI, normal tissue mean doses (%) for 3-4 
dynamic conformal arcs and 9 static fields. 

  MU CI 

Normal tissue 

mean doses (%) 

3 DCA 3144 1.4 2.3 

4 DCA 3166 1.3 2.1 

9 Static fields 3121 1.3 2.2 
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10.2 Retrospective study: CI and doses to the PTV correlations for different 

isodose levels 

 

The correlation between the CIp and CI for a range of isodoses was investigated, in 

total 26 patients were included in the analysis. The CIp, CI, minimum, mean and 

maximum dose to the PTV were recorded for the 80%, 90%, 95% and 100% 

isodoses. Included in the present study were 5 patients diagnosed with neuromas, 

12 diagnosed with meningiomas, 2 with adenomas and 16 diagnosed with 

metastasis. Out of the 26 patient, 20 patients had 1 lesion, 3 had 2 lesions, and 3 

patients had 3 lesions. In total 33 tumours were included, from which 24 were 

treated with SRS and 11 with SRT. In Error! Reference source not found. are 

lotted the CIp100% vs. the CI of the 80%, 90% and 95% isodoses, a large significant 

correlation can be observed.  The Spearman’s rho correlation values are displayed 

in Figure 25. 
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Figure 23: Doses to the PTV (Gy) for 3-4 dynamic conformal arcs and 9 
static fields. 4 plans for four different targets were included in the 
analysis. 
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Table 10-2: Spearman’s rho correlation between the CI, CIp and the dose to the PTV for a 
range of isodoses. 
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A large significant negative correlation was found between the CI and the CIp for 

all the isodoses investigated: 80%, 90%, 95% and 100%. The scatterplot can be 

seen in Table 10-9. For all the isodoses except for the CIp100%, a large significant  

negative correlation was found between the CIp and the minimum dose to the 

PTV, and positive correlation between the CI and the minimum dose to the PTV. 

However no correlation was found between the CIp/CI and the mean and 

maximum dose to the PTV. The CI100% showed a medium positive correlation with 

the mean dose to the PTV.  

Figure 24: Scatterplot of the CI100% vs.: A) CI80% and B) CI95%. 

 

 

Figure 25: Scatterplot of the CIp(%) vs. CI for the isodoses: A) 100% and B) 80%. 
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10.2.1 Lineal Regression analysis 

10.2.1.1 CIp and CI correlations between a range of isodoses. 

Lineal multiple regression was used to assess the ability of the CI, for a 

range of isodoses, to predict CI100%. Preliminary analyses were 

conducted to ensure no violation of the assumption of normality, 

linearity, multicollinearity and homoscedasticity. In order to be able to 

perform the analysis the most extreme cases (outliers) had to be 

removed; this is cases where HI was greater than 4.8. The correlation 

parameter can be found in Table 10-3. A similar study was conducted 

for the CIp, the results are included in  

Table 10-4. 

 

Table 10-3: Table of correlations. Parameters calculated to determine how well the 
CI100% can be determined from CI95%, CI90% and CI80%. 

CI100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.919 

0.475 0.084 ---  0.000 
0.000 

CI95% 0.499 0.029 0.959 0.000 

CI100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.856 

0.682 0.100  --- 0.000 
0.000 

HI90% 0.323 0.026 0.925 0.000 

CI100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.797 

0.832 0.110  --- 0.000 
0.000 

CI80% 0.201 0.020 0.893 0.000 
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Table 10-4: Table of correlations. Parameters calculated to determine how well the 
CI100% can be determined from CI95%, CI90% and CI80%. 

CIp100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.794 

9.044 3.831  ---- 0.000 
0.000 

CIp95%    0.978 0.089 0.891 0.000 

CIp100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.748 

15.304 3.766 ---  0.000 
0.000 

CI90% 1.033 0.108 0.865 0.000 

CIp100% R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B Std. Error Beta 

Constant 
0.781 

14.775 3.492  --- 0.000 
0.000 

CIp80% 1.370 0.130 0.884 0.000 

 

10.3 Retrospective Clinical study: Descriptive Analysis 

 

All the patients were referred from different departments from the University 

Hospital of Albacete or from different Hospitals (Cuenca, Toledo and Ciudad Real).  

10.3.1 Number of patients and lesions 

 

The total number of patients included in the study was 94. The number of patients 

per group were: 23 neuromas, 17 meningiomas, 16 adenomas and 38 metastases, 

see Figure 26 
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Figure 26: Patients’ cancer site distribution. 

 

 

In total 116 lesions were treated, 77 (81.9 %) patients had only one lesion, 13 

(13.8%) patients had 2 lesions, 3 (3.2%) patients had 3 and finally 1 (1.1%) patient 

had 4 lesions, refer to Figure 27 and Figure 28. 

 

Figure 27: Distribution of the total number of lesions per patient. 
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Figure 28: Total number of lesions per patient grouped by type of tumour. 

 

 

10.3.2 Age 

 

The mean age of the patients at the time of treatment was 56 years, range 13-82 

years (minimum-maximum) and median (55 years), see Figure 30.  A statistical 

significant difference in age was found between neuromas and adenomas 

(p=0.008). No statistical significant differences were found between the rest of the 

groups. 

Figure 29: A) Patient’s age distribution histogram B) Mean age scores for the four 
groups. 
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Figure 30: A) Patient’s age distribution histogram B) Mean age scores for the four 
groups. 

 

 

The age profile subdivided into the four main groups was: 

 Neuromas: mean age was 52 years , range 23-78 years and median 53 

 Meningiomas: mean age was 54 years , range 13-75  years and median 53 

 Adenomas: mean age was 65 years , range 38-82 years and median 65 

 Metastases: mean age was 57 years , range 41-75 years and median 55 

 

10.3.3 Gender 

 

From the entire cohort of patients 52.3% were male and 47.3% were female, refer 

to Figure 31. We found no significant difference in the proportion of females and 

males in the current sample (p>0.536) for the entire cohort. We found statistical 

differences in the proportion of males and females in the patients diagnosed with 

meningiomas and metastases (p=0.029 and p=0.023 respectively) 

 



 

 Results                                                                                                                      78 
  

Figure 31: Patient’s gender distribution. 

 

 

The four main groups’ gender was, see Figure 32: 

 Neuromas: 11 were male and 12 female. 

 Meningiomas: 4 were male and 13 female. 

 Adenomas: 8 were male and 7 female. 

 Metastases: 26 were male and 12 female. 

 

Figure 32: Patients’ gender distribution subdivided into four groups. 
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10.3.4 Follow up  

The follow-up period ranged from 1 to 7 years (mean 2.5 years, range 1-7 years). 

The number of patients that were followed up for 1, 2, 3, 4 and 5 years can be 

found in Figure 33. 

 

Figure 33: Patients’ follow up distribution in years. 

 

 

The follow up period profile subdivided into the four main groups was:  

 Neuromas:  ranged from 1 to 7 years (mean 3.5 years, median 3 years). 

 Meningiomas: ranged from 1 to 7 years (mean 3.3 years, median 2 years). 

 Metastases: ranged from 1 to 7 years (mean 3.4 years, median 3 years). 

 Adenomas: ranged from less than a year to 5.5 years (mean 1.6 years, 

median 1 year). 

 

10.3.5 Type of technique and prescription 

10.3.5.1 SRS/SRT  

All patients were treated with 6MV photons. Patients were assigned SRS or SRT 

depending on the tumour size and tumour location. SRS was selected for patients 

with a tumour maximum diameter smaller than 3cm and the distance between the 

tumour and the organs at risk (OAR) (optic chiasm and optic nerve) should be 

0 10 20 30 40 50

1

2

3

4

5

>5

Number of patients

Fo
llo

w
 u

p
 (

ye
ar

s)



 

 Results                                                                                                                      80 
  

approximately less than 4-5mm. Most adenoma tumours were treated with SRT 

because of its proximity to the optic chiasm. Unless the patient had previous 

surgery and the treated area was only the cavernous sinus, sometimes it was 

necessary to treat a larger area because it was a functioning adenoma. Most of the 

metastases lesions were treated with SRS because these were located away from 

OAR, refer to Figure 34. Most SRS patients were treated with a DCA technique 

except for one patient that was treated with a non-coplanar static conformal field 

technique. Most SRT patients were treated with a non-coplanar static conformal 

field technique. Few patients were treated with IMRT if the lesion was irregular 

and close to OAR. The mean number of fields/arcs employed was 5.5 for SRS and 

8.7 for SRT.  

 

Figure 34: Type of irradiation technique. 

 

 

10.3.5.2 Fractionation scheme 

For SRT, the mean prescribed dose was 47Gy and median 50.4Gy. PTV was 

encompassed by at least 90% of the prescribed dose in all cases. For SRS, mean 

prescribed dose was 15.4Gy and median 15Gy (min-max, 12-20Gy) with the 

tumour encompassing at least the 90% isodose in all cases. The fractionation 

schemes can be found in Table 10-5 and dose distribution in Figure 35. 
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Table 10-5: Type of fractionation scheme. 

  SRS SRT 

Metastases 
Mean dose 

(Gy) 
N° fractions Mean dose (Gy) N° fractions 

  16.9 1 32.N7 10 

Adenomas 
Mean dose 

(Gy) 
N° fractions Mean dose (Gy) N° fractions 

  16 1 50.5 27 

Meningiomas 
Mean dose 

(Gy) 
N° fractions Mean dose (Gy) N° fractions 

  12.5 1 52.2 27 

Neuromas 
Mean dose 

(Gy) 
N° fractions Mean dose (Gy) N° fractions 

  12.5 1 52.5 27 

 

Figure 35: Type of fractionation scheme distribution for SRS (figure A) and SRT 
(figure B). 
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10.3.6 Location and type of tumour 

 

The location of the tumour depended on the type of lesion: 

Neuromas:  14 (60.9%) were on the right and 9 (39.1%) on the left. 

 

Meningiomas: The most common location was the cavernous sinus (6 lesions), 

secondly the cerebellopontine angle tumours (3 lesions), sphenoidal (3 lesions), 

parasagittal (2 lesions), petroclival (2 lesions), and finally frontal region and 

intrasellar (1 lesion each), see Figure 36. Only 2 (11.8%) patients were diagnosed 

with atypical meningiomas and the 16 (88.2%) remaining were benign. 

 

Figure 36: Meningiomas’ location. 

 

 

Adenomas: 4 patients were diagnosed with functioning adenoma and 12 non-

functioning adenoma.  

 

Metastases: The most common primary tumour location was lung followed by 

breast, melanoma, renal, rectum, ovary, colon and bladder, refer to Figure 37. 

From the entire cohort the primary tumour was unknown for two patients. The 

type of the primary can be found in Figure 38. 
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Figure 37: Metastases’ primary tumour locations. 

 

 

Figure 38: Metastases’ primary tumour type.  

 

 



 

 Results                                                                                                                      84 
  

10.3.7 Prior treatment 

 

From the entire cohort 34 (33%) lesions did not have previous treatment, 40 

(38.8%) had surgery only before radiosurgery, 24 (23.3%) had radiotherapy 

previously and 5 (4.9%) lesions had both radiotherapy and surgery, see Figure 39 

and Figure 40. In total 8 patients underwent surgery on two occasions prior to 

treatment. From the 16 surgeries performed on adenomas 10 were 

transsphenoidal and 6 were craniotomy. One patient had no information on prior 

treatment. 

 

Figure 39: Tumour’s treatment prior radiosurgery distribution. 

 

 

Figure 40: Tumour’s treatment prior to radiosurgery distribution, subdivided into 
tumour type. 

 



 

 Results                                                                                                                      85 
  

10.3.8 Symptoms prior to treatment 

 

All patients referred to the Radiotherapy department in Albacete diagnosed with 

intracranial tumours were seen in a multidisciplinary clinic team (MDT) consisting 

of neurosurgeons, neuro-radiologists, ear, nose and throat surgeons and clinical 

oncologists. An evaluation of symptoms was conducted by the MDT, including a 

discussion of hearing status, tinnitus, the effect on balance, facial, trigeminal nerve 

functions and any other neuropathy. The patients’ symptoms prior to treatment 

are detailed in Table 10-6. The symptoms were sub-grouped into the type of 

tumour.  

 

Table 10-6: Patients’ symptoms prior to treatment. *OMC - Ocular Motor Apraxia. 

Neuromas   N Patients / % 
  Hearing loss 14 (60.9%) 
  Cophosis 2 (8.6%) 
  Vertigo 5 (21.7%) 
  Headaches 5 (21.7%) 
  Facial neuropathy 9 (39.1%) 
  Trigemminal neuropathy 2 (8.6%) 
  Tinnitus 7 (30.4%) 

Meningiomas     
  Hearing loss 2 (11.8%) 
  Headaches 4 (23.5%) 
  Visual deficit 3 (17.6%) 
  Diplopia 2 (11.8%) 
  OMC*  7 (41.2%) 

Adenomas     
  Visual deficit 11 (68.8%) 
  Diabetes 2 (12.5%) 
 Functioning Adenoma 4 (25%) 

  hypothyroidism 10 (62.5%) 
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10.3.9 Symptoms after treatment 

 

All patients underwent weekly reviews during treatment.  Patients were seen in 

clinic 6 weeks after radiotherapy to ensure acute toxicities had resolved. They 

were then seen 6 months and one year post treatment, at each follow up an MRI 

scan was carried out. The acoustic, facial, trigeminal nerve functions and any other 

neuropathology were also evaluated. Assuming that the imaging and symptoms 

were stable, thereafter clinic visits and MRI scans were conducted annually. 

Complications were considered long-term if it occurred 3 months post treatment. 

Any new or worsening cranial nerve complication was scored as a complication. 

The patients’ symptoms post treatment are detailed on Table 10-7. 

 

Table 10-7: Patients’ symptoms post treatment. *OMC - Ocular Motor Apraxia. 

    N Patients / (%) 

Neuromas (23 patients) Stable Improve worsening New symptoms 
Hearing loss 9 (39.1%) 0 5 (21.7%) 6 (26.1%) 
Cophosis 1 (4.3%) 0 0 4 (17.4%) 
Vertigo 5 (21.7%) 3 (13.0%) 0 2 (8.6%) 
Headaches 11 (47.8%) 0 0 6 (26.1%) 
Facial neuropathy 8 (34.8%) 1 (4.3%) 0 0 
Trigemminal neuropathy 2 (8.6%) 1 (4.3%) 0 0 
Tinnitus 8 (34.8%) 2 (8.6%) 1 1 

Meningiomas (17 patients)         
Hearing loss 3 (17.6%) 0 0 1 (5.9%) 
Headaches 4 (23.5%) 2 (11.8%) 0 0 
Visual deficit 3 (17.6%) 1 (5.9%) 1 (5.9%) 0 
Diplopia 2 (11.8%) 2 (11.8%) 0 0 
OMC  7 (41.2%) 3 (17.6%) 0 0 

Adenomas (16 patients)         
Visual deficit 9 (56.3%) 1 (6.3%) 1 (6.3%) 1 (6.3%) 
% Hormonal response* 0 1 (6.3%) 1 (6.3%) 0 
Diabetes 2 (12.5%) 0 0 0 

Hypothyroidism 10 (62.5%) 0 0 0 

*Hormonal response is defined as a quantitative reduction of the initial hormonal 

level. 
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10.3.10 Tumour control, new lesions and death 

10.3.10.1 Tumour control  

 

From the entire cohort local control was unknown in 5 (6.4 %) patients because 

they died before they could be diagnosed. Four of these patients were treated for 

metastases; the cause of death was either the primary tumour or the brain 

metastases. The other patient that died was treated for adenoma, the cause of 

death was unrelated to the brain lesion.  

 

Local recurrence occurred in 14 metastases. Only one neuroma showed tumour 

progression at 1 year after treatment, the patient subsequently underwent 

neurosurgical resection of the neuroma. All the treated meningiomas and 

adenomas showed tumour control. Refer to Figure 41.  

 

Figure 41: Tumour local control and recurrence distribution. 

 

 

In total 27 patients diagnosed with brain metastases died, 22 presented with extra-

cranial tumour progression at the time of death and 18 presented with local 

tumour control at the time of death. The median survival time was 1 year, 

minimum 3 months and maximum 5.5 years. 
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10.3.10.2 Distant recurrence 

Neuromas and adenomas patients did not develop new lesions. Distant recurrence 

was observed in three (17.6%) patients diagnosed with meningioma (one new 

lesion for each patient). Twenty (52.6%) patients diagnosed with metastases 

developed new lesions outside the radiation treatment volume. 

 

10.3.11 Target volume   

All Patients underwent CT and MRI T1-weighted acquisitions with and without 

gadolinium and T2-weighted MRI, the MRI slice thickness was 0.8 mm and CT slice 

thickness was 1.25 mm. Rigid fusion of MR and CT imaging was performed to allow 

planning of the target volume (PTV) and critical structures (brainstem, optic 

chiasm, optic nerves, eyes and lenses). GTV was defined as the area of contrast 

enhancement on T1-weighted MRI. The planning target volume was defined as the 

GTV plus a 1 to 2mm safety margin. 

  

Figure 42: PTV/GTV volume box plot as a function of the technique (SRS/SRT). 

 

 

The PTV/GTV volume distribution as a function of the technique (SRS/SRT) can be 
found in Figure 42 and the PTV/GTV volumes are listed in Table 10-8  
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Table 10-8: PTV/GTV volumes. 

Neuroma 
 

Mean Median Minimum Maximum 

  
(cc) (cc) (cc) (cc) 

GTV 
SRS 0.60 0.37 0.13 2.70 

SRT 2.01 1.54 0.29 4.51 

PTV 
SRS 1.67 1.33 0.48 5.80 

SRT 4.36 4.10 1.00 8.48 

Meningioma 
 

Mean Median Minimum Maximum 

  
(cc) (cc) (cc) (cc) 

GTV 
SRS 4.59 4.59 3.83 5.34 

SRT 5.89 4.82 1.12 14.42 

PTV 
SRS 7.34 7.34 5.62 9.07 

SRT 13.34 11.25 3.70 24.69 

Adenoma 
 

Mean Median Minimum Maximum 

  
(cc) (cc) (cc) (cc) 

GTV 
SRS 0.86 0.86 0.86 0.86 

SRT 5.66 5.76 0.63 13.84 

PTV 
SRS 1.84 1.84 1.84 1.84 

SRT 11.51 11.71 2.18 23.64 

Metastases 
 

Mean Median Minimum Maximum 

  
(cc) (cc) (cc) (cc) 

GTV 
SRS 1.80 0.52 0.01 11.63 

SRT 7.61 5.13 0.88 28.72 

PTV 
SRS 3.46 1.65 0.09 20.19 

SRT 17.33 10.65 2.99 59.88 

Overall 
 

Mean Median Minimum Maximum 

  
(cc) (cc) (cc) (cc) 

GTV 
SRS 1.61 0.46 0.01 11.63 

SRT 5.57 4.51 0.29 28.72 

PTV 
SRS 3.15 1.61 0.09 20.19 

SRT 12.28 9.88 1.00 59.88 
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10.3.12 Doses to the PTV and GTV 

 

The mean, median and maximum doses to the PTV and GTV were recorded from 

the treatment planning system. In Table 10-9 can be found the doses to the PTV 

and. The first row is the doses to the PTV, where the entire cohort is included. In 

addition, also reported are the doses to the PTV subdivided into the type of lesion. 

The doses divided by the dose prescription dose (Dp=100% of the dose) are 

plotted due to the range of fractionation schemes (refer to section 10.3.5.2) 

 

Table 10-9: PTV doses, where Dp is equal to 100% of the prescription dose. 

Overall PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.92 1.03 1.08 

Min.-Max. 0.00 - 1.01 0.96-1.07 1.00-1.15 

Neuroma PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.95 1.03 1.08 

Min.-Max. 0.70-0.98 1.00-1.07 1.04-1.15 

Meningioma PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.90 1.03 1.08 

Min.-Max. 0.77-1.00 0.99-1.07 1.04-1.12 

Adenoma PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.87 1.03 1.08 

Min.-Max. 0.77-0.94 0.96-1.07 1.03-1.12 

Metastases PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.92 1.03 1.08 

Min.-Max. 0.00-1.01 1.00-1.06 1.03-1.14 

 

In Figure 43 are plotted the histogram of the minimum, medium and maximum 

doses to the PTV and GTV, the entire cohort was included in the graph. 
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Figure 43: Histogram of the doses to the PTV and GTV from the entire cohort, 
where Dp is equal to 100% of the prescription dose. 

 

In Table 10-6 are included the doses to the PTV and GTV subdivided into the SRS 

and SRT groups. 
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Table 10-10: PTV doses subdivided into SRT and SRT groups, where Dp is equal to 
100% of the prescription dose. 

SRS PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.93 1.03 1.08 
Median 0.95 1.03 1.07 

Min.-Max. 0.00-1.01 0.99-1.06 1.03-1.13 

SRT PTVmin/Dp PTVmean/Dp PTVmax/Dp 

Mean 0.91 1.03 1.08 
Median 0.92 1.03 1.08 

Min.-Max. 0.77-1.00 0.96-1.07 1.00-1.15 

 

10.3.13 Conformity indexes 

 

The CIp and CI for the 100% isodose to the target volume (PTV) are listed in Table 

10-11, Table 10-12 and Table 10-13. In Figure 44 are plotted the histogram of the 

CIp and CI where the tumours from the entire cohort have been taken into 

account. 

 

Table 10-11: The CIp and CI subdivided into the type of lesion. 

Neuroma Mean Median Min.-Max. 

CI 1.71 1.73 1.28-2.3 

CIp (%) 53.48 52.25 29.70-71-50 

Meningioma Mean Median Min.-Max. 

CI 2.01 1.53 1.17-8.6 

CIp (%) 52.23 57.3 11.69-73.60 

Adenoma Mean Median Min.-Max. 

CI 1.45 1.47 1.21-1.81 

CIp (%) 63.45 64.8 50.20-73.80 

Metastases Mean Median Min.-Max. 

CI 2.51 2.3 1.2-8.4 

CIp (%) 44.95 46.45 11.40-77.36 
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Table 10-12: The CIp and CI from the entire cohort. 

Overall Mean Median Min.-Max. 

CI 2.14 1.69 1.17-8.6 

CIp (%) 50.08 53.2 11.4-77.36 

 

Table 10-13: The CIp and CI subdivided into the SRS and SRT groups. 

SRS Mean Median Min.-Max. 

CI 2.39 1.87 1.20-8.40 

CIp (%) 45.56 49.05 11.40-77.36 

SRT Mean Median Min.-Max. 

CI 1.81 1.48 1.17-8.6 

CIp (%) 56.05 60.9 11.69-73.80 

 

 

Figure 44: Histograms of the CI (figure A) and CIp (%) (figure B) from the entire 
cohort of tumours. 
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10.4 Retrospective Clinical Study: Analytical evaluation 

10.4.1 Assessing normality 

 

The normality of the sample was assessed in order to determine which statistical 

technique to apply. Normal is used to describe a symmetrical, bell-shape curve 

which has the greatest frequency score in the middle, with smaller frequencies 

towards the extremes, see [41].  Histograms and boxplots were generated; in 

addition Kolmogorov-Smirnov and Shapiro-Wilk tests were calculated, a non-

significant result (p>0.05) indicates normality. 

 

Neither the GTV nor PTV volumes followed a normal distribution; the histogram 

can be found in Figure 45. The Kolmogorov-Smirnov and Shapiro-Wilk results can 

be found in Table 10-14. 

 

Figure 45: Histogram of the PTV (figure A) and GTV (figure B) volumes including the 
entire cohort of tumours. 

 

 

The conformity indexes did not follow a parametric distribution, the histograms 

are plotted in Figure 26 and the Kolmogorov-Smirnov and Shapiro-Wilk results can 
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be found in Table 10-14. Both graphs show positive skewness (scores clustered to 

the left at the low values). 

 

The histograms of the doses to the PTV and GTV are included in Figure 43, 

although the PTVmax/Dp and GTVmax/Dp seems to follow a fairly Gaussian 

distribution, the Kolmogorov-Smirnov and Shapiro-Wilk results are less than 0.05 

(see Table 10-14). Figure 43 A-B show a negative skewness (scores clustered to the 

right at the low values), however Figure 43 C-F presents a positive kurtosis (the 

distribution is rather peaked in the centre). The patient age follows a normal 

distribution (p>0.05), refer to Table 10-14 

 

Table 10-14: Results of the Kolmogorov-Smirnov Lilliefors and Shapiro-Wilk tests to 
assess normality. 

  The Kolmogorov-Smirnova  Shapiro-Wilk  

Age 0.200 0.079 
PTV vol. (cc) 0.000 0.000 
GTV vol. (cc) 0.000 0.000 

CIp (%) 0.001 0.000 
CI 0.000 0.000 

PTVmin/Dp 0.000 0.000 
PTVmean/Dp 0.000 0.000 
PTVmax/Dp 0.000 0.014 
GTVmin/Dp 0.000 0.000 

GTVmean/Dp 0.000 0.000 
GTVmax/Dp 0.000 0.000 

a. Lilliefors Significance Correction 

 

10.4.2 Toxicity and efficacy in Neuroma Patients for SRS and SRT 

 

In the present study 22 patients were included, 14 (63.6%) underwent SRS and 8 

(36.4%) underwent SRT. The PTV was significantly larger in patients treated with 

SRT than that in patients treated with SRS, (p =0.04). The PTV was significantly 



 

 Results                                                                                                                      96 
  

larger in patients treated with non-coplanar static conformal fields than that in 

patients treated with dynamic conformal arcs (DCA), (p =0.001). The mean PTV 

volumes were 1.8 cm3 and 3.7 cm3 for SRS and SRT respectively.  

 

The CIp, CI, and the minimum and maximum doses to the PTV are listed in Table 

10-15. The CIp and the minimum dose to the PTV was significantly larger in 

patients treated with DCA than in patients treated with static fields, (p=0.01 and 

p=0.036 respectively).The maximum dose to the brainstem and normal tissue are 

listed in Table 10-15. The maximum brainstem doses over the dose prescription 

was significantly larger in patients treated with DCA than that in patients treated 

with static fields, (p =0.009). 

 

Table 10-15: CI2, CIp, maximum and minimum doses to the PTV and maximum 
doses to the brainstem and normal tissue. 

Technique 
CI CIp (%) PTVmax/Dp PTVmin/Dp  

Brainstem  

Mean ± SD* Max(Gy) 

SRS/DCA 1.81±0.23 50.46±7.94 1.07±0.02  0.96±0.02 11.9±2.04 
SRT/Stat 

fields 
1.57±0.26 53.48±8.90 1.09±0.03 0.90±0.21 50.2±13.1 

 

A significant correlation (p=0.01) was found between the CIp and the tumour 

volume with a Rho Spearman value correlation of -0.67. The correlation between 

the CI and the volume was also significant (p=0.028) with a correlation value of 

0.468. The mean dose to the PTV was positively correlated with volume, the 

correlation value was 0.482 and p=0.023. In addition, the tumour volume was 

positively correlated with the brainstem maximum doses (p<0.005, and a 

correlation of 0.76).  
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Local tumour control 

The tumour control rate was 100% (n=8) and 92.9% (n=13) for the SRT and the SRS 

groups respectively. In total, only one patient showed tumour progression at 1 

year after treatment, the patient subsequently underwent neurosurgical resection 

of the VS. Overall, tumour size decreased in 3 (13.6%) patients, was stable in 17 

(77.3%) and increased in 2 (9.1%) patients. 

 

Hearing preservation 

Useful hearing was defined as any hearing ability sufficient for communication. 

Hearing ability was classified into the following groups: improved, unchanged and 

worsening hearing function. Formal audiometry was undertaken, but insufficient 

data from these reports was available to be able to present the results. Of the 21 

patients that presented with useful hearing before treatment, the hearing 

preservation rate was 95.5%, 90.7% and 63.5% at 1, 3 and 5 years respectively, 

after SRS/SRT. No significant differences were found between the SRS and SRT 

group. 

 

Of the 21 patients that presented with useful hearing before treatment 95.2% and 

63.9% experienced worsening at 1and 3 years respectively, after SRS/SRT. No 

significant differences were found between the SRS and SRT group. No prognostic 

factors were found to determine the hearing ability. 

 

Out of the 22 patients, 36.4% (n = 8) had unchanged hearing, 4.5% (n = 1) 

presented improvement, 31.8% (n = 7) experienced worsening hearing function 

and 18.2% (n=4) patients developed new hearing impairment. 
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10.4.3 Survival curves in brain metastases patients 

The Kaplan-Meier overall survival curves are plotted in Figure 26 for both the local 

control rates and the overall survival curves. The local control rate was 70.7%, 

65.2% and 32.6% at 1, 1.5 and 5 years respectively. The overall survival rate was 

48.5%, 18.7% and 7.5% at 1, 2 and 3 years respectively.  

 

Figure 46: Kaplan-Meier curves: A) Local control rate; b) Overall survival curve. 

 

 

This study sought to evaluate the prognostic factors for local control and survival 

rates.  The parameters investigated were age, gender, prior treatment, extra 

cranial control rate, local control rate, technique (SRS/SRT), doses to the PTV and 

CIp/CI. No significant factor was found affecting the overall survival curve. Local 

control rates were significantly different for three prognostics, refer to Figure 47. 

The results of all Log-rank tests assessing survival differences between prognostic 

index categories were statistically significant with p < 0.05, except for the patient’s 

number of lesions.   

 

The local control rate at 1 year was 86.1% and 59.9% for lesions with a volume 

<3.21cc and >3.21cc respectively. The local control rate at 1 year was 86.0% and 

41.6% when the minimum dose to the PTV is >94.0% and <94.0% respectively. The 

local control rate at 1 year was 58.3% and 84.1% when the maximum dose to the 
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PTV was >108.2% and <108.2% respectively. When performing Cox regression 

analysis only the minimum dose to the PTV showed statistical significance 

(p=0.001), the risk is lower when the dose to the PTV decreases. 

 

Figure 47: Kaplan Meier overall local control rate survival estimates for four 

prognostic systems: A) Minimum dose to the PTV; B) Maximum dose to the PTV; C) 

Volume of the PTV; D) Treated number of lesions. 

 

 

10.4.4 Exploring relationships  

10.4.4.1 Conformity index vs. PTV/GTV volume  

A significant negative correlation was found between the CI100% and the tumour 

volume for both the PTV and the GTV, in total 116 lesions were analysed. The 

Spearman’s rho correlation values are displayed in Table 10-16. The correlation 

was assessed for different case scenarios: A) Including the entire cohort; B) all the 
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patients that were treated with 1 lesion; C) all the patients that were treated with 

1 or 2 lesions; D) all the patients that were treated with 3 or more lesions; E-G) 

depending on the type of tumour.  

Table 10-16: Spearman’s rho correlation between the CI100% and the target volume 
for both the PTV and GTV. 

CI100% 
 

PTV GTV 

Spearman's 
rho  

Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort -0.267 0.005 -0.262 0.006 

B) 
Patients with   

1 lesions 
-0.244 0.042 -0.268 0.025 

C) 
Patients with 
1 or 2 lesions 

-0.212 0.039 -0.204 0.047 

D) 
Patients with 

3 or more 
lesions 

-0.528 0.064 -0.514 0.072 

E) Neuromas -0.688 0.000 -0.664 0.001 
F) Meningiomas -0.355 0.162 -0.31 0.226 
G) Adenomas -0.364 0.222 -0.326 0.277 
H) Metastases -0.248 0.065 -0.254 0.059 

 

The conformity index was plotted against the target volume (PTV) for: A: the entire 

cohort; B) only the patients that were treated with one lesion, see  

Figure 48. 

Figure 48: Scatter plot of the CI100% vs. the volume of the PTV (Figure A) and vs. the 

volume of the GTV (Figure B). 
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10.4.4.2 Paddick Conformity index vs. PTV/GTV volume  

A significant positive correlation was found between the CIp100% and the tumour 

volume for both the PTV and the GTV, in total 116 lesions were included. The 

Spearman’s rho correlation values are displayed in Table 10-17. The correlation 

was assessed for different case scenarios: A) Including the entire cohort; B) all the 

patients that were treated with 1 lesion; C) all the patients that were treated with 

1 or 2 lesions; D) all the patients that were treated with 3 or more lesions; E-G) 

depending on the type of tumour.  

 

Table 10-17: Spearman’s rho correlation between the CIp100% and the target 
volume both PTV and GTV. 

CIp100%   
PTV GTV 

Spearman's 
rho  

Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort 0.306 0.001 0.3 0.002 

B) 
Patients with  

1 lesions 
0.245 0.041 0.293 0.014 

C) 
Patients with  
1 or 2 lesions 

0.255 0.013 0.25 0.014 

D) 
Patients with 

3 or more 
lesions 

0.576 0.039 0.568 0.043 

E) Neuromas 0.611 0.003 0.55 0.008 
F) Meningiomas 0.33 0.196 0.339 0.184 
G) Adenomas 0.401 0.175 0.406 0.168 
H) Metastases 0.242 0.072 0.236 0.080 

 

The Paddick conformity index was plotted against the PTV and GTV volume, refer 

to Figure 49. 
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Figure 49: Scatter plot of the CIp100% vs. the volume of the PTV (figure A) and vs. 
the volume of the GTV (Figure B). 

 

10.4.4.3 PTV/GTV doses vs. target volume 

 

A negative correlation was found between the minimum doses to the PTV and the 

tumour volume for both the PTV and the GTV, the entire cohort was 116 lesions. 

The mean dose to the target volume was positively correlated. The Spearman’s rho 

correlation values are displayed in Table 10-18, Table 10-19 and  

 

Table 10-20. The correlation was assessed for different case scenarios: A) Including 

the entire cohort; B) all the patients that were treated with 1 lesion; C) all the 

patients that were treated with 1 or 2 lesions; D) all the patients that were treated 

with 3 or more lesions; E-G) depending on the type of tumour.  

 

The scatter plot of the minimum and maximum doses to the PTV against the PTV 

volume can be found in Figure 50, the entire cohort was plotted. 
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Table 10-18: Spearman’s rho correlation between the minimum doses to the PTV 
and the target volume of both the PTV and GTV.  

PTVmin/Dp 
 

PTV volume (cc) GTV volume (cc) 

Spearman's rho 
 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort -0.626 0.000 -0.573 0.000 

B) 
Patients with 

1 lesions 
-0.614 0.000 -0.527 0.000 

C) 
Patients with 
1 or 2 lesions 

-0.600 0.000 -0.518 0.000 

D) 
Patients with 

3 or more 
lesions 

-0.684 0.010 -0.808 0.001 

E) Neuromas -0.440 0.046 -0.142 0.529 
F) Meningiomas 0.091 0.728 -0.241 0.336 
G) Adenomas -0.047 0.879 0.344 0.249 
H) Metastases -0.715 0.000 -0.726 0.000 

 

Table 10-19: Spearman’s rho correlation between the mean doses to the PTV and 
the target volume both PTV and GTV. 

PTVmean/Dp 
 

PTV volume (cc) GTV volume (cc) 

Spearman's rho 
 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort 0.242 0.011 0.116 0.233 

B) 
Patients with  

1 lesion 
0.162 0.181 0.024 0.846 

C) 
Patients with  
1 or 2 lesions 

0.263 0.010 0.133 0.198 

D) 
Patients with 

3 or more 
lesions 

-0.177 0.563 -0.241 0.427 

E) Neuromas 0.333 0.130 0.383 0.078 
F) Meningiomas -0.070 0.784 -0.139 0.581 
G) Adenomas 0.146 0.634 0.069 0.822 
H) Metastases 0.28 0.037 0.111 0.421 
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Table 10-20: Spearman’s rho correlation between the maximum doses to the PTV 
and the target volume both PTV and GTV.  

PTVmax/Dp   PTV volume (cc) GTV volume (cc) 

Spearman's rho   
Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort 0.448 0.000 0.481 0.000 

B) 
Patients with  

1 lesions 0.380 0.001 0.419 0.000 

C) 
Patients with  
1 or 2 lesions 0.444 0.000 0.469 0.000 

D) 

Patients with 
3 or more 

lesions 0.157 0.608 0.238 0.434 
E) Neuromas 0.286 0.198 0.505 0.016 
F) Meningiomas -0.197 0.434 0.474 -0.180 
G) Adenomas 0.442 0.130 0.408 0.166 
H) Metastases 0.533 0.000 0.588 0.000 

 

 

Figure 50: Scatter plot of the doses to the PTV vs the PTV volume, the entire cohort 
was included in both graphs. A) Plot of the minimum doses to the PTV. B) Plot of 
the maximum dose to the PTV. 

 

 

10.4.4.4 PTV doses vs. CIp100% and CI100% 

The correlation was investigated between the minimum, mean and maximum 

doses to the PTV and the conformity indexes for the 100% isodose, the cohort was 
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116 lesions. No correlation was found between the doses to the PTV and the 

conformity indexes. The Spearman’s rho correlation values are displayed in Table 

10-21, Table 10-22 and Table 10-23. The correlation was assessed for different 

cases: A) Including the entire cohort; B) all the patients that were treated with 1 

lesion; C) all the patients that were treated with 1 or 2 lesions; D) all the patients 

that were treated with 3 or more lesions; E-G) depending on the type of tumour.  

 

Table 10-21: Spearman’s rho correlation between the maximum doses to the PTV 
and the conformity indexes. 

PTVmax/Dp   CI100% CIp100% 

Spearman's rho   
Correlation 
Coefficient 

Sig. 
 (2-tailed) 

Correlation 
Coefficient 

Sig. 
 (2-tailed) 

A) Entire cohort -0.085 0.384 0.064 0.493 

B) 
Patients with 

1 lesions 0.034 0.779 0.090 0.464 

C) 
Patients with 
1 or 2 lesions -0.028 0.786 -0.004 0.970 

D) 

Patients with 
3 or more 

lesions -0.297 0.325 0.368 0.216 
E) Neuromas -0.333 0.130 0.509 0.016 
F) Meningiomas 0.287 0.263 -0.181 0.487 
G) Adenomas -0.216 0.478 0.435 0.137 
H) Metastases -0.075 0.584 -0.036 0.795 
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Table 10-22: Spearman’s rho correlation between the mean doses to the PTV and 
the conformity indexes. 

PTVmean/Dp   CI100% CIp100% 

Spearman's rho   
Correlation 
Coefficient 

Sig.  
(2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort 0.001 0.988 0.085 0.383 

B) 
Patients with 

1 lesions 0.118 0.334 0.137 0.262 

C) 
Patients with 
1 or 2 lesions 0.008 0.939 0.070 0.503 

D) 

Patients with 
3 or more 

lesions 0.145 0.636 0.010 0.974 
E) Neuromas -0.258 0.246 0.558 0.007 
F) Meningiomas 0.349 0.170 -0.142 0.587 
G) Adenomas -0.158 0.608 0.357 0.231 
H) Metastases -0.011 0.937 0.032 0.812 

 

Table 10-23: Spearman’s rho correlation between the minimum doses to the PTV 
and the conformity indexes. 

PTVmin/Dp   CI100% CIp100% 

Spearman's rho   
Correlation 
Coefficient 

Sig. 
 (2-tailed) 

Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort 0.135 0.165 -0.120 0.221 

B) 
Patients with 

1 lesions -0.058 0.640 -0.060 0.629 

C) 
Patients with 
1 or 2 lesions 0.096 0.358 -0.069 0.509 

D) 

Patients with 
3 or more 

lesions 0.429 0.144 -0.318 0.289 
E) Neuromas 0.161 0.487 -0.161 0.079 
F) Meningiomas 0.195 0.468 -0.235 0.381 
G) Adenomas 0.161 0.487 -0.188 0.539 
H) Metastases 0.095 0.485 -0.320 0.815 
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10.4.4.5 CI100% vs. CIp100% 

A negative correlation was found between the conformity indexes for a cohort of 

116 lesions. The Spearman’s rho correlation values are displayed in Table 10-24. 

The correlation was assessed for different cases: A) Including the entire cohort; B) 

all the patients that were treated with 1 tumour; C) all the patients that were 

treated with 1 or 2 lesions; D) all the patients that were treated with 3 or more 

lesions; E-G) depending on the type of tumour.  

 

The scatter plot of the conformity index against the Paddick conformity index can 

be found in Figure 51 the entire cohort was plotted. 

 

Table 10-24: Spearman’s rho correlation the conformity indexes. 

CIp (%)   CI 

Spearman's rho   
Correlation 
Coefficient 

Sig.  
(2-tailed) 

A) Entire cohort -0.854 0.000 

B) 
Patients with 

1 lesions -0.891 0.000 

C) 
Patients with 
1 or 2 lesions -0.829 0.000 

D) 

Patients with 
3 or more 

lesions -0.966 0.000 
E) Neuromas -0.849 0.000 
F) Meningiomas -0.947 0.000 
G) Adenomas -0.877 0.000 
H) Metastases -0.865 0.000 
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Figure 51: Scatter plot of Paddick conformity index vs. the conformity index for the 
100% isodose. 

 

 

10.4.4.6 Treatment efficacy vs. planning parameters. 

From the entire cohort only 15 lesions showed recurrence, out of which 14 were 

brain metastases. Therefore the following could not be included in the statistical 

analysis: adenomas, neuromas and meningiomas due to the small patient 

numbers. A Mann-Whitney U test and Fisher’s Exact test was performed to 

investigate any differences between patients that showed recurrence and patients 

that did not.  

 

The results can be found in Table 10-28. In order to investigate the effect of the 

number of lesions per patient, the cohort were categorised into two groups: 

number of lesions where the patient had 1 or 2 tumours vs. number of lesions 

where the patient had 3 or more metastases. Fisher’s Exact test revealed no 

significant difference in the number of lesions. Mann-Whitney U test showed no 

significant difference in the mean and maximum dose to the PTV. On the other 

hand the minimum dose to the PTV and the volume of the PTV/GTV showed 
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statistical significance. Although in the group of patients with no tumour control 

the CIp is lower and the CI higher there is no statistical significance. 

 

Table 10-25: Risk factors for efficacy in brain metastases patients.  

Tumour 
Control 

Yes No 
 

 
Mean N Stdev Mean N Stdev 

Mann-Whitney 
U test Asymp. 
Sig. (2tailed) 

PTVmin/Dp 0.955 37 0.026 0.925 13 0.045 0.008 

PTVmean/Dp 1.031 37 0.012 1.036 13 0.021 0.067 

PTVmax/Dp 1.070 37 0.022 1.094 13 0.036 0.042 

CI 2.47 37 1.75 2.62 13 1.243 0.186 

CIp 47.65 37 17.06 41.750 13 17.168 0.300 

Volume GTV 
(cc) 

2.778 37 5.469 3.633 13 3.739 0.043 

Volume PTV 
(cc) 

6.083 37 11.758 6.406 13 5.597 0.041 

N° lesions 
per patient 

1 or 2 
lesions  

 
3 o more 
lesions 

1 or 2 
lesions 

 
3 o more 
lesions 

Fisher’s Exact 
test Sig. 
(2tailed) 

Num. 
metastases 

27 
 

9 13 
 

1 0.258 

 

10.4.4.7 Treatment toxicity vs. planning parameters. 

 

The patient symptoms were recorded before and after treatment for patients 

diagnosed with neuroma, adenoma and meningioma. The symptoms were 

classified as improvement, worsening, new and unchanged. The total number of 

patients that suffered any of these changes can be found in separately. 

 

Figure 52. 
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A Mann-Whitney U test was performed to investigate possible risk factors that 

may affect the patients’ symptoms post treatment. The factors under investigation 

were CIp, CI, doses to PTV (mean, minimum and maximum), doses to the OAR and 

normal tissue (mean, minimum and maximum). The analysis of the three diseases 

(neuroma, adenoma and meningioma) was performed separately. 

 

Figure 52: Total number of patients with new, improved, unchanged or worsening 

of their symptoms post treatment. The patients included were diagnosed with 

neuroma, meningioma and adenoma.  

 

 

The maximum dose to the PTV showed statistical significance in the group of the 

neuroma patients suffering new symptoms, see Table 10-26. Two patients 

developed headaches, one deafness, one hearing impairment and one facial 

numbness.  

 

For the group of patients diagnosed with adenomas with unchanged symptoms 

the mean dose to the optic chiasm and dose received by 1% of the normal tissue 

volume were statistically different, see Table 10-26. Three patients developed 

headaches, one patient lost vision occasionally, one facial numbness and one 
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ptosis. Another patient showed worsening of the visual deficit. Although the mean 

dose to the optic chiasm was larger in patients that developed new symptoms, it 

was not statistically significant.  

 

Table 10-26: Mann-Whitney U test results to investigate patient symptoms risk 
factors post treatment. 

Neuromas Mean ±std. New symptoms   
  Dose yes no p-value 

  PTVmax(%) 106.3±1.0 108.6±2.5  0.01  

Adenomas Mean ±std. Unchanged   
  Dose yes no p-value 

  Optic chiasm mean (%) 54.6±23.6 83.4±14.1 0.01 
  Normal tissue V1% (%) 44.0±21.2 79.8±25.5 0.03 

  Mean ±std. New symptoms   
  Dose yes no p-value 

  Optic Chiasm Mean (%) 83.2±15.7 60.7±24.4 0.056 

 

10.4.5 Lineal Regression analysis 

10.4.5.1 Paddick conformity index 100% 

 

Lineal multiple regression was used to assess the ability of three control measures 

(conformity index, number of lesions and PTV volume) to predict CIp100%. 

Preliminary analyses were conducted to ensure no violation of the assumption of 

normality, linearity, multicollinearity and homoscedasticity. In order to be able to 

perform the analysis the most extreme cases (outliers) were removed from the 

analysis; this is cases where the volumes were greater than 20cc and CIp100% 

greater than 4.2. The correlation parameter can be found in Table 10-27. The 

CIp100% was plotted as a function of the PTV volume and the number of lesions in 

the patient, only the patients included in the regression analysis are plotted in 

Figure 53. 
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Table 10-27: Table of correlations. Parameters calculated to determine how well 
the Homogeneity index, PTV volume and number of lesions predict the CI100%. 

  
R 

square 

Unstandardised 
coefficients 

Standardised 
coefficient Sig. 

Anova 
Sig. 

  B      Std. Error Beta 

Constant 

0.892 

97.600 2.178 ---  0.000 

0.000 
CIp100% -23.433 1.240 -0.778 0.000 

Num. lesions -4.080 0.779 -0.214 0.000 

Vol. PTV 0.220 0.083 0.095 0.009 

 

 

The model, which includes number of lesions and volume of the PTV, explains 

89.2% of the variance in conformity index. The CI makes the largest unique 

contribution (beta=-0.778), followed by the number of lesions (beta=-0.214), and 

the volume (beta=0.219). 

 

Figure 53: A) Scatter plot of the CIp100% vs. the PTV volume B) Boxplot of the CIp100% 
as a function of the number of lesions in the patients. 
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10.4.5.2 Doses to the PTV 

Lineal multiple regression was used to assess the ability of two control measures 

(number of lesions and PTV volume) to predict maximum, mean and minimum 

doses to the PTV. Preliminary analyses were conducted to ensure no violation of 

the assumption of normality, linearity, multicollinearity and homoscedasticity. The 

results of the analysis can be found in Table 10-28. 

 

Table 10-28: Table of correlations. Parameters calculated to determine how well 
the PTV volume and number of lesions predict doses to the PTV.  

PTVmax/Dp R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B      Std. Error Beta 

Constant 

0.352 

1.070 0.006   0.000 

0.001 Num. lesions 0.000 0.003 0.002 0.986 

Vol. PTV (cc) 0.001 0.000 0.352 0.000 

PTVmean/Dp R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B      Std. Error Beta 

Constant 

0.352 

1.070 0.006   0.000 

0.217 Num. lesions 0.000 0.002 -0.210 0.834 

Vol. PTV (cc) 0.000 0.000 1.639 0.104 

PTVmin/Dp R square 

Unstandardised 
coefficients 

Standardised 
coefficients Sig. 

Anova 
Sig. 

B     Std. Error Beta 

Constant 

0.441 

0.947 0.012   0.000 

0.000 Num. lesions 0.004 0.006 0.056 0.552 

Vol. PTV (cc) -0.003 0.001 -0.424 0.000 

 

The model explains 35.2% of the variance in PTVmax/Dp and 44.1% of the variance 

in PTVmin/Dp. The number of lesions shows no significant contribution to the 

model. The volume to the PTV makes a contribution of 0.352 to the PTVmax/Dp 

and -0.424 to the PTVmin/Dp.  The conformity index is not included in the model 

as it did not show statistical significance in the correlation analyses, section 

10.4.4.4. 
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11.DISCUSSION  

11.1 Prospective study: Planning study 

 

The aim was to evaluate differences between planning techniques, this study was 

performed at the Royal Surrey County Hospital NHS Foundation Trust. Plans were 

generated for a range of targets with different size and shape using a range of 

planning techniques, in total 11 targets were analysed. The doses to the planning 

target volume (PTV), brain and conformity indexes were compared depending on: 

  

 Dynamic conformal arcs (DCA): 3,4 and 5 arcs 

 Static fields: 7 and 9 static fields 

 PTV to MLC margin: 1-3 mm for 4DCA  

 Table spread : varying table spread between  90-120 degrees with 

4DCA 

 Gantry spread : varying table spread between  120 and 140 degrees 

with 4DCA 

 Energy: 6MV, 10MV FFF & 6MV FFF using 4DCA 

 

No previous study has investigated the effect of the planning parameters on the 

final clinical plan. In this PhD dissertation small differences were found between 

DCA and static fields, refer to  

 

Table 11-1. The number of fields only affects up to 2% on the PTV dose. The PTV to 

MLC margin becomes relevant for irregular shapes where the minimum dose may 

vary by up to 7%. The table and gantry spread only shows a difference of 1-2% on 

the PTV dose. The energy can affect the PTV dose by up to 3%.  
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Based on the planning study on the STEEV phantom the planning study on a 

patient scan was performed using 9 static fields an 3-4 DCA, with a table spread of 

100˚ and gantry arc of 120˚.  

 

Table 11-1: Summary evaluating how the planning parameters affect the quality of 

the plan. 

Factors 

 
 
 
 
Dosimetric 
parameters 

 DCA 
or 

Static 

Number 
of 

fields/arcs 

PTV to 
MLC 

distance 

Table 
spread 

Gantry 
spread 

Energy 

PTV 
maximum (%) 

2% 1% 1% 2% 0.50% 4% 

PTV mean (%) 1% 1% 3% NA NA 3% 

PTV 
minimum (%) 

1% 2% 3%-7% 1% NA 4% 

Brain mean 
doses (%) 

1% 1% <2% NA <0.5% 1% 

CI 2% 1-2% 10% 1% 1% 2% 

 

 

Plans were generated for 4 type of lesions of varying location using 3-4 dynamic 

conformal arcs and 9 static fields, the aim was to achieve the best clinical plan 

using both techniques. The doses to the PTV and normal tissue were comparable.  

 

Solberg et al. [42] investigated the dosimetric differences among static and DCA 

plans for a broad range of tumour volumes (0.50 to 9.79cc) and complexity (two 

neurinomas, one cavernous sinus meningioma and one target formed of three 

overlapping spheres), on the present study the volume range between 1.5cc and 

17.5cc and the targets were a sphere and an irregular shape, both of varying 

volume. 

 

Solberg study was also linac based, the techniques investigated differences 

between conventional circular arcs, static fields and dynamic conformal arcs. Plans 
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were constructed on four targets of increasing size and complexity. For circular 

arcs a standard configuration of 8 arcs, each covered 120°, on the present study 

we did not evaluated conformal arcs. For planning with conformal beams, their 

policy was to use as many fields as possible (average 14), in the present study 9 

static fields were used. For dynamic arc plans, they employed 5-6 arcs covering 

120°, in the present study 4 and 5 DCA were compared. 

 

On the present study the prescription isodose was the 80%, however Solberg 

prescribed to the 90% for both DCA and static fields. Solberg et al. compared the 

dose volume histogram of the normal brain and target, refer to Figure 54, and did 

not compared the conformity or homogeneity index.  The results of their study 

suggest that conformal techniques may protect normal brain as well or better than 

multiple isocenter techniques. DCA and static fields offering similar results. In the 

present study we investigated the dose the target, normal tissue and conformity 

and homogeneity index, we also concluded that the results are similar 

independently of the technique.  

 

Figure 54: Solber et al. results [42]. Dose volume histogram for the target (A) 
and normal brain (B).  
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11.2 Retrospective study: Descriptive analysis of the cohort 

 

The patients included in the present cohort were referred mainly from the 

University Hospital of Albacete but also from other Hospitals including Toledo, 

Cuenca and Ciudad Real. The radiosurgery treatment was entirely delivered at the 

University Hospital of Albacete.  

 

In order to comply with published guidelines [43] [44] based on clinical evidence; 

the patient treatment approach was discussed by a multidisciplinary team 

consisting of neurosurgeons, neuro-radiologists, ear, nose and throat surgeons and 

clinical oncologists.  An evaluation of symptoms was conducted by the MDT, 

including a discussion of hearing status, tinnitus, the effect on balance, facial, 

trigeminal nerve functions and any other neuropathy. 

 

11.2.1 Number of patients and lesions 

 

The total number of patients included in the study was 94. The larger proportion of 

patients is found in the group diagnosed with metastases (40.4%) followed by 

neuromas (24.5%), meningiomas (18.0%), and adenomas (17.0%).  Nicoletta J. et 

al. [45] conducted a study to investigate the conformity in intracranial radiosurgery 

planning. The proportion of tumour sites was slightly different: 36.9% metastases, 

15.3% neuromas, 20.6% pituitary adenomas and 27.1% meningiomas; presenting 

with larger numbers of meningiomas and adenomas, and less number of 

metastases and neuromas.  
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11.2.2 Age 

 

The average age of this series is 56 years, range 13-82 years (minimum-maximum) 

and median 55 years. Statistical significant differences were only found in age 

between neuromas and adenomas patients (p=0.008).  

 

The average age of neuroma patients (median age was 53 years, range 23-78 

years) is similar to most previous studies [46] [47], refer to Table 11-2 for further 

details. In 2000 Ken et al. [48] investigated the risk factors of neuroma patients in a 

large series of 122 patients, the median age was 53 years and range 13-77 years. 

 

The meningiomas patients mean age is 54 years, range 13-75 years and median 53. 

The patient population age is in agreement with previous studies [49] [20] [50], 

refer to Table 11-5 for further details. Leavitt et at. [51] conducted a study at the 

Mayo clinic with 222 patients where the average age was 54 years (range, 6-83 

years). 

 

The average age of the adenomas cohort is 65 years, range 38-82 years and 

median 65. The results are slightly higher than published literature [52] [53], refer 

to Table 11-4 for further details. In 2008 Jagannathan et al. [54] conducted a 

retrospective study with a large population of 137 patients, the mean age at 

presentation was 43 years (range, 13-91 years). 

 

The mean age of the metastases patients is 57 years, range 41-75 years and 

median 55. Published papers show similar results [24] [55], refer to Table 11-5. In 

2013 Rodrigues et al. [56] carried out a retrospective study of 501 patients with 

brain metastasis to compare nine prognostic indexes for overall survival. The 

average age was 61.5 years old and standard deviation 11.5. 
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11.2.3 Gender 

 

From the entire cohort of patients 52.3% are male and 47.3% are females. No 

significant difference was found in the proportion of females and males in the 

current sample (p>0.536) for the entire cohort. Statistical differences were found 

in the proportion of males and females in the patients diagnosed with 

meningiomas. The female population (76.5%) is larger in patients diagnosed with 

meningiomas, similar results are found in previous investigations [20] [50] [49]. 

Dos Santos et al. [17] retrospectively investigated 88 patients to determine the 

long term outcome of patients with cavernous sinus meningiomas, the female 

population proportion of the study was 78%. 

 

We found similar proportions of male (53.3%) and female (46.7%) in patients 

diagnosed with neuroma and adenoma tumours. Similar results are found in the 

literature [57] [5]. 

 

We found a larger incidence of brain metastases in the male population (68%). The 

proportion of male patients diagnosed with metastases seems to vary in the 

literature with a range 40-65% [56] [24] [55].  

 

11.2.4 Location and type of tumour 

 

Meningiomas: The most common location is the cavernous sinus (6 lesions), 

secondly the cerebellopontine angle tumours (3 lesions), sphenoidal (3 lesions), 

parasagittal (2 lesions), petroclival (2 lesions), and finally frontal region and 

intrasellar (1 lesion each). The location of the meningioma varies across the 

literature, although parasagittal, cerebellopontine angle and cavernous sinus seem 

to be the most common location [58] [59]. From our cohort only 2 (11.8%) patients 
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were diagnosed with atypical meningiomas. Unger et al. [60] conducted a study of 

173 patients where only 8% were diagnosed with atypical meningiomas.  

 

Adenomas: 3 patients were diagnosed with functioning adenoma and 13 non-

functioning adenoma. Non-functioning adenoma proportion varies across the 

literature between 50%-78% [53] [61] [62]. 

 

Metastases: The most common primary tumour location is lung followed by 

breast, melanoma, renal, rectum, ovary, colon and bladder. These results are in 

agreement with the literature. Atalar et al. [63] reviewed retrospectively 175 brain 

metastasis, the most common primary tumour location was small cell lung 

carcinoma (43%), breast (15%), melanoma (14%), colon (10%), gynaecologic (3%) 

and others (14%).  

 

11.3 Technique, efficacy and toxicity 

 

11.3.1 Neuroma 

 

An extensive literature exists in the management of vestibular Schwannoma (VS). 

Therapeutic options include watchful waiting (radiologic and clinical monitoring) 

for asymptomatic patients with no tumour progression, surgery (suboccipital, 

translabyrinthine, or middle fossa approach), SRT or SRS. SRS/SRT appears to be 

the preferred option due to the lower risk of cranial nerve injury as compared with 

the microsurgical procedures. However, surgery is often the first option for large 

tumours that may cause symptomatic brainstem compression.  SRS/SRT is 

considered the best treatment option for the majority of small to medium sized 

tumours VS patients [64] [65] [66]. 
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During early radiosurgery studies patients received higher single doses (14-18Gy), 

and higher rates of cranial neuropathy were reported [67] [65]. Kondziolka et al. 

[65] reported 98% tumour control rate, this was at the cost of high cranial nerve 

morbidities (18-30%) with tumour doses of 16Gy [68]. Chihara et al. [68] 

retrospectively analysed the differences between the <14Gy group and the >14Gy 

group. The study showed peripheral tumour dose were significantly correlated 

(p=0.0001) with facial palsy and trigeminal neuropathy. The cranial neuropathy 

rates were 17% and 58% for a dose <14Gy and for a dose >14Gy respectively. In 

2010 Combs et al. [69] found that the radiation dose for the SRS group (<13Gy vs. 

>13Gy) significantly influenced hearing preservation rates (p = 0.03). In the present 

study, the tumour doses were limited to 12-13Gy according with the 

recommendation of the most recent literature [6] [70] [71]. Previous studies have 

reported neurofibromatosis type II (NF2) as a risk factor for hearing loss, in this 

study there were no patients diagnosed with NF2. 

 

The aim of the present study was to investigate the outcomes of patients with VS, 

treated by either SRS or SRT at the same institution. Patients were assigned SRS or 

SRT depending on the tumour size and tumour location. SRS was selected for 

patients with a tumour size <3cm and the distance between the VS and the OAR 

(optic chiasm and optic nerve) should be at least approximately 4-5mm. The SRS 

patients were treated with dynamic conformal arcs (DCA) and SRT with a non-

coplanar static conformal field technique. The groups were comparable regarding 

mean follow-up time, gender and age.  

 

The mean tumour volume and CIp was statistically significantly different between 

groups (DCA and static fields). Planning parameter differences were investigated 

depending on the planning technique, the CIp was similar for DCA and static fields. 

Ding M et al. [72] investigated the dosimetric differences among static and DCA 

plans for a broad range of tumour volumes, the study showed that the CIp and HI 
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were roughly equal for volumes ranging up to 100cc. In the present study the 

volume was significantly correlated with maximum dose to the target, CIp, CI and 

brainstem maximum doses. Based on Ding et al. [72] results and our results we can 

conclude that the CIp is different due to the volume and not the planning 

technique (static fields or DCA). Similar results were found by Hazard et al [73] in a 

series of 174 targets treated with DCA technique, the report showed that the CI 

and the maximum dose to the normal tissue had a strong correlation with the 

tumour volume.  

 

Tumour Control Rates 

Apart from this study there have been six previous reports investigating the 

differences between SRS/SRT, refer to Table 11-2. Excellent tumour control rates 

were achieved with high hearing preservation rates and minimal complication rate. 

The tumour control rates in the present study are 92.9% and 100% for the SRS and 

SRT respectively, the results compare well with published data. The results 

underline the hypothesis that tumour control rates are comparable between SRS 

and SRT. In 2001 Andrews et al [46] reported that tumour control rates were 98% 

and 97% for SRS and SRT. Two years later Meiyer et al. [74] published results from 

a series of 126 patients treated with LINAC based SRS vs HSRT (stereotactic 

radiotherapy hypofraction), similar results were published for SRS and SRT (100% 

vs 94%). In 2004 Chung et al. [47] also found comparable local control rates, 100% 

for both SRS and SRT. The same outcomes were reported in a study by 

Puataweepong et al. [75] in 2013. Kopp et al. [62] reported tumour control rates of 

98.5% and 97.9% for SRS and SRT.  

 

SRS is a more efficient treatment as the patient only needs treatment once, 

however SRT is offered to patients with larger tumour volumes to reduce dose to 

healthy tissue. A higher dose is delivered fractionated, allowing healthy tissue to 

repair between fractions.  
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Hearing preservation rates 

Distinct differences are found in hearing preservation rates across the literature 

[76] [77] [78] [79].  In this dissertation it was possible to include all patients in the 

analysis because a subjective useful hearing assessment was employed. Chung et 

al. [47] found good correlation between objective audiogram criteria and 

subjective useful hearing. In this dissertation’s study similar results were found in 

hearing preservation rates between SRS/SRT vestibular Schwannoma. Meier et al. 

[74] reported that the 5-year hearing preservation probabilities for SRS vs. SRT 

(75% vs. 61%) were not statistically significant. Similar results were reported by 

Kopp et al [62], the hearing function was 85% in SRS and 79% in SRT patients. 

Nevertheless, contradictory results were found by Andrews et al. [46], who 

reported 2.5-higher hearing preservation in patients who received SRT. These 

differences could be due to the patient population age, which were statistically 

significant. The mean age of patients in the SRT group was 43 years, and the mean 

age in the SRS group was 63 years. The difference between both groups could also 

be due to the different treatment modality, SRS patients were treated with the 

gamma knife and SRT patients with the Varian 600SR linac. Gamma knife delivers 

higher dose inhomogeneity within the target volume. The acoustic nerve passes 

through the target volume, therefore the maximum dose to the acoustic nerve 

would have been higher, consequently this could cause lower hearing preservation 

rates in the single fraction group.  

 

 



 

 Discussion                                                                                                                125 
  

 

Table 11-2: Review of the recent literature on SRS for Vestibular Schwannoma. 
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Non-hearing treatment-related toxicity 

Quality of life after radiotherapy, not only includes hearing ability but also function 

of the trigeminal and facial nerves. SRS and SRT both achieve high preservation 

rates of facial and trigeminal nerve function after treatment.  There seems to be 

little or no difference in treatment-related facial and trigeminal nerve toxicity. 

Modern studies have shown improved results, facial and trigeminal nerve 

preservation rates range from 85% to 100% [80] [81] [82] [28]. This is what was 

also found in the current series described in this dissertation, the rates for 

trigeminal nerve preservation after SRS is 92.3% compared to 100% after SRT. The 

facial preservation rate is 100% for both groups. Although the trigeminal and 

hearing preservation rate is higher for SRS, the groups were not compared due to 

the low patient numbers. Previous series [83] [84] have reported that treatment 

related toxicity depends on tumour size, however fewer studies report SRS for 

large lesions, as the preferred treatment option for larger lesions is SRT.



 

 Discussion                                                                                                                127 
  

 

11.3.2 Metastases 

 

Previous studies suggest that the mean survival time for patients with untreated 

brain metastases is approximately one month [85]. The use of corticosteroids may 

double survival time, whole brain radiotherapy (WBRT) can further palliate 

symptoms and prolong life expectancy to six months [86] [87]. WBRT was long 

considered the standard treatment [88] because the whole brain can be seeded 

with metastases. However, secondary side effects have been the main reason to 

replace WBRT by more localised treatments, please refer to Table 11-3 to view a 

literature review. 

 

Most of brain metastases patients present with either a single lesion or less than 

three in total [89]. The dose prescription and the number of fractions depend on 

the size and location of the lesions, as well as the choice for possible adjuvant 

WBRT. 

 

The treatment is generally delivered using non-coplanar arcs or static fields, the 

choice for either conical cones or high resolution multi-leaf collimators depends on 

the lesion size and shape. The overall survival is expressed as a Kaplan-Meier 

estimate and is the time passed from the last day of treatment to the last visit in 

clinic or death. 

 

The literature overview in Table 11-3 shows that SRS and SRT, either as a single 

treatment or in combination with WBRT, achieve high tumour control rates 

ranging from 47 to 80% at one year after treatment. The tumour overall survival in 

the present study correlates well with previous studies. 
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Table 11-3: Review of the recent literature on SRS and SRT for brain metastases 
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Several studies have investigated prognosis factors to determine the overall 

survival. Nieder and Mehta [95] performed a systematic literature review in 2009, 

the investigations emphasised the importance of performance status and 

extracranial metastases. Rodrigues et al. [56] retrospectively reviewed two 

institutional databases of 501 patients diagnosed with brain metastatic disease, 

who received either stereotactic radiosurgery (n=381) or fractionated stereotactic 

radiation therapy (n=120) between 2002 and 2011. The investigation showed that 

primary site, presence of systematic metastases, performance status, age, interval 

between primary diagnosis and brain metastases presentation, volume and 

number of brain metastases and active primary cancer were all significant 

predictors of overall survival. 

 

This study sought to evaluate the prognostic factors for local control rate and 

survival rate for patients treated with SRS/SRT for new, progressive, or recurrent 

brain metastases with or without prior surgery/radiotherapy. Any interpretation of 

these results was limited by selection bias, which is inherent to retrospective 

analyses. Any patient who was offered further treatment for recurrent brain 

metastases was likely to have a good performance status and expected survival of 

more than a few months. Furthermore, the study was limited by the small size of 

some subpopulations, which may have affected both the results of the analyses as 

well as our interpretation. 

 

With these limitations in mind, associations were evaluated between local control 

rate and number of lesions, total target volume, technique (SRS/SRT), conformity 

and homogeneity index, doses to the tumour volume, OAR and healthy tissue The 

results suggested that prognostic factors for patients undergoing salvage SRS/SRT 

may vary by minimum and maximum dose to the PTV and tumour volume, 

although the type of technique (SRS/SRT) did not show statistical significance. 
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Although the CI was lower and the CIp was higher in patients with local control, no 

statistical significance was found. 

 

Only one previous study, Woo et al. [96], has published the effect of various 

prescription parameters for metastatic lesions to identify factors of local 

recurrence. It should be noted that these patients were treated with gamma knife, 

however in the present study the treatment was stereotactic LINAC based.  Woo et 

al. [96] analysed 77 patients with available plan data. Local treatment failure was 

defined as lesion regrowth or repeat GKS within 6 months. Lesions with a high CIp 

or a low RTOG-CI had a higher rate of treatment failure (p < 0.05). Multivariate 

analysis revealed that primary tumour site and CIp were related to treatment 

failure (p < 0.05). The RTOG-CI has not been included within the study described in 

this dissertation. However the effect of the PTVmin./Dp and PTVmax./Dp has been 

analysed, which are defined by RTOG as the coverage and the homogeneity index, 

for simplicity these have been labelled within this study as the minimum and 

maximum dose to the PTV over the prescription isodose. The results from this 

study seem to suggest that PTVmin./Dp and PTVmax./Dp are associated with 

tumour control. 

 
 
The prognostic importance of tumour histology, number of metastasis and 

cumulative tumour volume are somewhat mixed. Gonza et al. [55] reviewed the 

survival outcomes of 1017 consecutive patients (with 3610 metastases) who 

underwent Gamma radiosurgery at the University of California. Their findings 

suggest that the number of metastases and the tumour volume are independently 

associated with overall survival. Likhacheva et al. [97] investigated predictors of 

survival after SRS brain metastases The study concluded that the volume, 

arbitrarily defined by >2cc or <2cc, was associated with overall survival while the 

number of metastases and the tumour’s histology were not. On the other hand, 
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Petrovich et al. [98] conducted a study assessing the survival and treatment failure 

in brain metastases with gamma knife radiosurgery. The report concluded  that the 

number of cerebral metastases (arbitrarily defined by patients with 1–3 

metastases versus the rest) were significant prognostic values. The study described 

in this dissertation provides support that the tumour volume is associated with 

tumour control, and that the number of lesions did not, this could be due to the 

low patient number as only one patient presented with four lesions and three 

patients with three lesions.  

 

11.3.3 Adenomas 

 

Pituitary adenomas (PAs) are the third most common intracranial tumours, 

accounting for approximately 25% of all intracranial neoplasms [99]. Previously 

reported series suggest that unsuspected PAs have a prevalence of 14% [100]. 

 

Pituitary adenomas are classified as hormone active or inactive. Active adenomas 

secrete active hormones exceeding normal blood level values. Approximately 70% 

of all endocrine active PAs stimulate the secretion of prolactin, the growth 

hormone, and corticotropin [101]. Because of their invasive growth tendency, 

these adenomas may cause significant morbidity in affected patients, expressed by 

visual, endocrinologic and neurologic symptoms [102], [103] 

 

Historically, surgery has been the gold standard for pituitary treatment. However, 

even with improved surgical techniques, complete tumour removal is difficult; the 

reported recurrence rates are in the range of 3 to 18% [104]. Adjuvant 

conventional radiotherapy has been a treatment option for adenomas since 1909 

[105]. The combination of surgery, radiotherapy and medical therapy has been an 

effective treatment of PAs. The treatment option depends on tumour and patient 
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characteristics. The successful control of most tumours comes at the price of 

treatment related toxicity. Hypopituitarism is the most common secondary effect 

of radiation induced pituitary deficiency and can result in complications such as 

blindness, optic nerve atrophy, secondary tumour growth and dementia [106].  

 

Hypopituitarism may be induced from direct radiation of the pituitary gland and 

the hypothalamus and can be prevented by ensuring a more conformal treatment 

and a steep dose fall-off. This can be achieved by single fraction or fractionated 

stereotactic radiosurgery, both options maximize the sparing of critical organs 

while minimizing morbidity without compromising local tumour control (refer to 

Table 11-4) 

 

Most studies limit the use of SRS to small spherical lesions in close proximity to 

organs [52], [102] and chose a fractionated treatment for all other lesions to 

benefit from the radiobiological effects of fractionation [107].  

 

An overview of some recent studies, evaluating the efficiency of SRS and SRT 

treatments, is presented in Table 11-4, this demonstrates that the findings of this 

study are similar to previous reports. The average tumour control for both SRS and 

SRT treatments is 96% with a mean hormonal response rate of 80%. Newly 

hormonal replacement therapy, as a result of radiation-induced deficiency, was 

required in 5 to 40% of all cases. 

 

This wide range of values depend on the location of the lesions with respect to the 

gland. Patients with lesions close to the pituitary or the hypothalamus are more 

likely to develop radiation-induced toxicity. From previous results it can be 

concluded that SRS and SRT, either as a primary therapy or in combination with 

other treatments, represent an effective and safe option for controlling the growth 

of PAs and reducing hormone production. 
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Table 11-4: Review of the recent literature on SRS and SRT for pituitary adenomas. 
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The aim of the study described in this dissertation was to assess efficacy of 

treatment by assessing the extent of tumour control as measured by progression-

free survival. Excellent tumour control rates were achieved. The tumour control 

rate is 100% for the whole group at a median follow-up time of 36 months. Park et 

al. [111] evaluated in 2011 the management outcomes of Gamma Knife 

radiosurgery in 125 patients; factors associated with a reduced progression-free 

survival included larger tumour volume (> 4.5cc) and marginal doses <14Gy. In the 

present study all patients were treated with a marginal dose >14Gy, and there 

were no tumour progression.  

 

Tumour size was assessed at the most recent follow-up, and was classified as: 

decreased, unchanged, or increased. No patients had radiological signs of tumour 

progression. Tumour size was reduced in 7 patients (41.2%), based on diagnostic 

MRI interpretation. Gopalan et al. [112] evaluated the long-term rates of tumour 

control and development of hypopituitarism in patients with non-functioning 

pituitary adenomas after gamma knife radiosurgery; Tumour volumes greater than 

5cc at the time of treatment were associated with a significantly greater rate of 

growth (p = 0.003) compared with an adenoma with a volume of 5cc or less. Pamir 

et al. [113] found a correlation between tumour peripheral doses and volume 

changes after gamma knife radiosurgery in patients with 3 years of follow-up. In 

the present study we did not find a prognosis factor for volume changes post 

treatment, although the minimum doses to the PTV were larger in patients that 

showed tumour reduction, the doses to the PTV/GTV were not statistically 

significant. 

 

In the present manuscript the safety of the intervention was assessed in regards to 

the risk of creating a new deficit in pituitary function following treatment. This was 

assessed by comparing pre-treatment hormonal replacement with post-treatment 

hormonal replacement, with the assumption that a new requirement for hormonal 
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replacement with corticosteroids, thyroxine, testosterone, growth hormone or 

oestrogen was a consequence of the intervention. 

 

One of the 4 patients (38%) with functioning pituitary adenomas showed 

improvement of hormonal overproduction after a median follow-up of 3 years 

(range 1-3 years). One of these patients experienced endocrinological worsening 

but the tumour was radiologically stable. One patient died 4 years after SRT, at the 

age of 60 years, cause of death being unrelated to his functioning adenoma. 

Another patient remained stable. 

 

Other tertiary endpoints, including evidence of visual deterioration, cognitive 

dysfunction, radiological changes, development of malignancies or epilepsy, and 

death (treatment related or unrelated) post-treatment, were also assessed. Late 

effects of stereotactic radiotherapy of pituitary adenomas include reduction of 

visual acuity and visual field defects [114] 

 

Only one (9.0%) out of the 11 patients with initial visual field defects demonstrated 

an improvement after SRS/SRT and one (9.0%) patient showed worsening, and the 

other 9 (81.8%) remained stable. One patient developed transient visual reduction 

after SRT. Similar results were reported by Liao et al. 2014 [53], only one (5.3%) 

out of the 19 patients with initial visual field defects demonstrated an 

improvement after SRT, and the other 18 remained stable. Kopp et al. [62] 

reported on 37 consecutive patients with pituitary adenomas treated with SRT, 

visual acuity remained stable in 28/37 patients (76%), showed improvement in 

7/37 (19%) and deteriorated in 2/37 (5%). 
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11.3.4 Meningiomas 

 

Most meningiomas have good long-term prognosis, the overall five year survival 

following diagnosis exceeds 80% [115]. The treatment option for easily accessible 

meningiomas is surgery [18].  Most meningiomas are histologically benign, a less 

than optimal functional outcome after treatment is not acceptable.  

 

Both SRS and SRT can be used as an effective adjuvant therapy for residual or 

recurrent meningiomas, as well as the primary treatment option for tumours in 

close proximity to OAR [116] [117].  Small, spherical meningiomas with a 

dimension less than 3cm are commonly selected for SRS, while SRT is usually the 

treatment option for irregularly shaped lesions [118], [119].  

 

An overview of previous studies of SRS and SRT treatments of benign meningiomas 

is presented in Table 11-5 below. The treatment outcomes are expressed in terms 

of local control and tumour response. The tumour response was quantified by 

comparing the gross tumour volume contrast-enhanced margins in the MRI scan 

before and after treatment.  

 

The mean prescribed SRS dose ranges between 14 and 16Gy in order to minimize 

long term toxicity while maintaining efficacy. This dose is typically delivered by 

non-coplanar arcs or static fields, ensuring steep dose fall-off in the close proximity 

to structures at risk. The mean prescribed SRT dose varies from 48 to 54Gy 

delivered in 26 to 30 daily fractions of 1.8 to 2Gy. 
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Table 11-5: Review of the recent literature on SRS and SRT for meningiomas. 
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Long-term outcome of SRS/SRT in 17 patients treated for skull base meningiomas 

with respect to local control and side effects were analysed and reported in this 

study. Overall, the risk–benefit for these tumours with complex anatomy in critical 

locations is excellent. Local control of 100% with a mean follow up of 3.3 years is 

documented. The high control rates are associated with minimal rates of side 

effects.   

 

Combs et al. [50] evaluate long-term outcome of SRT in 507 patients with skull 

base meningiomas. Patients with benign histology showed a significant higher local 

control than atypical or anaplastic meningiomas (p < 0.0001). For low-grade 

meningiomas, local control was 91% at 10 years after radiotherapy. For high-risk 

meningiomas, local control was 81% at 5 years and 53% at 10 years. Tumour 

volume has been shown to be a predictor for success with radiosurgery. Dibiase et 

al. [124] aimed to determine the long-term outcomes and prognosis factors in 

benign intracranial meningiomas treated with gamma knife radiosurgery, the study 

reported 5-year disease-free intervals of 91.9% for patients with tumours of 10cc 

or smaller vs 68% for larger tumours [22]. However, in the present study larger 

tumours were treated with SRT, a local control of 100% was achieved. 

 

In general, stereotactic radiation therapy has been established as a highly effective 

treatment in patients with skull base meningiomas. With respect to radiation 

technique, single fraction treatments as well as fractionated regimens have been 

established. Several departments implementing fractionated regimens have 

reported local control rates of 80–100%, depending on size of the lesions, location 

and dose applied (refer to Table 11-5). In all series, low rates of treatment-related 

side effects have been reported. For smaller lesions, radiosurgery, either with a 

linear accelerator or with the Gamma Knife has been applied, with promising local 

control rates and acceptable toxicity. Smaller tumours are well treated with 

radiosurgery. For tumours in close vicinity to normal tissue structures as the optic 
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chiasm, brainstem or optic nerves, fractionated treatments may be associated with 

a more beneficial risk–benefit-ratio due to the radiobiological advantage of 

fractionated radiotherapy. 

 

11.4 Target coverage, conformity and Homogeneity Index 

 

The main goal of intracranial stereotactic radiosurgery is to deliver a prescribed 

dose to the target in as conformal a manner as possible, while sparing the 

surrounding normal tissue. Conformity and homogeneity indexes have been used 

to quantitatively evaluate the degree of dose conformity [30] [26] [125]. However, 

there have been a wide range of CI/HI definitions and terminologies in the 

literature, and the choices of CI/HI and the prescription isodose have been left to 

the planner’s preference. The preferable CI/HI and method for evaluation remain 

to be determined [26]. 

 

Dynamic conformal arc and static conformal beams are a state of the art technique 

of linear accelerator based SRS/SRT using a micro-multileaf collimator; this 

forward-planning method easily generates conformal and homogeneous dose 

distributions and allows the use of a non-coplanar beam arrangement [73] 

[126].The dose prescription is commonly defined at the specific isodose value (e.g. 

90%) normalised to 100% at the isocentre [7]. However, a dose prescription to the 

specific percentage isodose (ID) does not necessarily guarantee a consistent target 

coverage value because tumour coverage may be affected by the target volume, 

shape or leaf margin [127]. Furthermore, the method of dose prescription varies 

between treatment modality, the intended ‘‘marginal dose’’ with a specific 

percentage ID and an unspecified tumour coverage value (e.g. 50% ID in gamma-

knife radiosurgery). The tumour coverage value of the marginal dose for individual 

plans appears to be institution dependent. 
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The proximity of a tumour to an organ at risk (OAR) could also compromise the 

tumour coverage for the intended prescription isodose to maintain the OAR dose 

constraint. These situations raise questions such as whether reporting CI values 

calculated at the intended marginal dose with unspecified tumour coverage is 

really appropriate, or which CI should be chosen to report the dose conformity of 

the plans. 

 

In this study, various reported CI/HI were reviewed that were relatively simple in 

definition, and the relation between one another was searched and how these 

correlated with the tumour volume and number of lesions. The influence of the CIs 

difference in IDs chosen for dose prescription or evaluation was examined. 

Through these analyses, a correlation between CI/HI for different prescription 

isodose was obtained, which should provide users with tools to allow comparison 

between studies and a better understanding of the available CI/HI relations.   

 

Ninety-four patients were reviewed from a database of patients with intracranial 

lesions who had been treated with the DCA or static fields’ technique between 

2007 and 2013 at a single institution. Although it was attempted to account for 

size, all potentially confounding variables were not accounted for, including the 

shape and location of the tumour and proximity to OAR. 

 

11.4.1 CI and HI correlations for a range of isodoses 

 

Different institutions have reported CI/HI for a range of prescription IDs, the 

method of prescription IDs selection is important when reporting conformity. The 

aim of the present study was to facilitate comparisons of CI/HI. The correlation 

was investigated between the CI and HI for a range of isodoses, in total 26 patients 
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were included in the analysis. The CI, CIp, minimum, mean and maximum dose to 

the PTV were recorded for the 80%, 90%, 95% and 100% isodoses.  A large 

significant negative correlation was found between the CI and the CIp for all the 

isodoses investigated: 80%, 90%, 95% and 100%.  

 

For all the isodoses except for the CIp100%, a large significant negative correlation 

was found between the CIp and the minimum dose to the PTV, and positive 

correlation between the CI and the minimum dose to the PTV. However no 

correlation was found between the CI/CIp and the mean and maximum dose to the 

PTV. The CI100% showed a medium positive correlation with the mean dose to the 

PTV. Hazard et al. [73] assessed in 2009 the conformity of dynamic conformal arc 

linear accelerator-based stereotactic radiosurgery and proposed a standardized 

method of isodose surface selection; however the correlation between planning 

parameters for a range of isodoses was not investigated. No previous studies have 

published these results before, which should help authors to compare different 

parameters between institutions to quantify the quality of a treatment plan and to 

evaluate the dose conformity and coverage clinically achieved. 

 

Lineal multiple regression was used to assess the ability of the CI and CIp for a 

range of isodoses to predict CI100% and CIp100% respectively. The most extreme cases 

(outliers) had to be removed to perform the analysis; The R value was greater than 

0.73, all the analysis were statistically significant. 

 

11.4.2 Conformity indexes 

 

The influence of target size on existing conformity indexes was investigated, in 

total 116 lesions were analysed. A significant medium negative correlation was 

found between the CI100% and the tumour volume for both the PTV and the GTV. 
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Although the group of patients diagnosed with neuromas showed a strong 

correlation (rho=-0.688), the remaining groups only showed medium/low 

correlation.  

 

A significant positive correlation was found between the CI100% and the tumour 

volume for both the PTV and the GTV, in total 116 lesions were included. Similar to 

the HI100% study, only the group of neuromas showed strong correlation 

(rho=0.611). When including the entire cohort the correlation was 0.306. Similar 

results were found by Wu et al. [128], although a statistical analysis was not 

performed, they found the CI tends to have higher values for smaller targets.  

 

11.4.3 Doses to the target 

 

It was also investigated how the doses to the target were influenced by the 

tumour volume. A strong negative correlation was found between the minimum 

doses to the PTV and the tumour volume for both the PTV and the GTV. The mean 

and maximum dose to the target volume is positively correlated, with a low and 

medium correlation respectively. Ding et al. [72] investigated in 2006 the 

dosimetric differences among three-dimensional conformal radiotherapy, dynamic 

conformal arc therapy and intensity-modulated radiotherapy for brain tumours 

treatment using Novalis system. The study found that the HI was better for larger 

volumes for all three techniques. However, the correlation was not investigated. 

 

The coverage is highly dependent on the target location, because sparing of 

neighbouring critical structures, e.g. optic nerves or brainstem, may necessitate 

lower target coverage for larger lesions close to OAR. Similar results are found 

when several lesions are treated, in order to reduce doses to the normal tissue. 

The mean dose to the target shows a low correlation with volume, and the 
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maximum dose a positive medium correlation with tumour volume. No correlation 

was found between the doses to the PTV and the CI/CIp100%.  

 

Lineal multiple regression was used to assess the ability of two control measures 

(number of lesions and PTV volume) to predict maximum, mean and minimum 

doses to the PTV. The model explains 35.2% of the variance in PTVmax/Dp and 

44.1% of the variance in PTVmin/Dp. The number of lesions shows no significant 

contribution to the model.  

 

11.4.4 Correlation between CI and CIp 

 

The CI shows a strong correlation with the CI; as the CIp increases, the CI 

decreases, either because of an increase in the normal tissue volume receiving the 

prescription dose or because of a decrease in coverage of the tumour volume by 

the prescription dose.  

 

Lineal multiple regression was used to assess the ability of three control measures 

(conformity index, number of lesions and PTV volume) to predict CIp100%. In order 

to be able to perform the analysis the most extreme cases (outliers) were removed 

from the analysis; this is cases where the volumes were greater than 20cc and 

CIp100% greater than 4.2. The model, explains 89.2% of the variance in conformity 

index. The CI made the largest unique contribution, followed by the number of 

lesions, and the volume. 

 

11.5 Treatment toxicity vs. planning parameters 

 

It was found that the maximum dose to the PTV was statistically larger in the 

group of neuroma patients suffering new symptoms. Three out of four patients 
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that developed new symptoms were treated with SRS. The maximum dose to the 

target is positively correlated with the volume, SRT is offered to patients with 

larger tumour volumes. Therefore, the type of technique or tumour volume may 

be related with the treatment toxicity; however no statistical significance was 

found.  

 

 For the group of patients diagnosed with adenomas with unchanged symptoms 

the mean dose to the optic chiasm and dose received by 1% of the normal tissue 

volume were statistically different. Nakamura et al. [27] quantitatively evaluated 

dose conformity achieved using Gamma Knife radiosurgery. Increased risk of 

toxicity was associated with volume of non-target tissue within the prescription 

volume. However, they did not include in their analysis patient symptoms. 

Conformity and homogeneity indexes were not found to be a significant risk factor 

for toxicity in our analysis.  
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12.CONCLUSIONS 

 

A. The CI/HI and doses to the target and organs at risk are similar for both 

static fields and dynamic arcs. 10 MV FFF was more efficient and more 

conformal. 4DCA delivers lower dose to a larger volume of the brain 

compared to 9 static fields which delivers higher dose to a smaller volume 

The MLC margin is a compromise between CI and doses to the PTV. All 

evaluated radiosurgical plans were acceptable for clinical use 

 

B. Stereotactic radiosurgery and radiotherapy is an effective treatment for 

patients diagnosed with a neuroma. The results underline the hypothesis 

that tumour control rates are comparable between SRS and SRT. The 

volume is significantly correlated with CIPaddick and CI2, brainstem and 

normal tissue maximum doses.  

 

C. In the metastases study, the 1 and 2 year actuarial survival rate is 49% and 

19% respectively. The local control rate is 71% and 33% at 1 and 5 years 

respectively. The tumour volume, the minimum and maximum dose to the 

PTV are associated with tumour control. High Paddick CIp and low CI 

revealed higher rate of local recurrence, however we did not find statistical 

significance for the latter two.  

 

D. SRS/SRT of residual and/or recurrent pituitary adenomas is highly effective 

in terms of radiological and clinical tumour control. No patients had 

radiological signs of tumour progression. Tumour size was reduced in 7 

patients (41.2%), based on diagnostic MRI interpretation. 100% tumour 

control was achieved after a median follow-up time of 36 months. 

Reduction of hormonal overproduction was achieved in 1 out of four 
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patients.  No patient developed a reduction of hormonal production. It is 

also concluded that stereotactic radiotherapy of pituitary adenomas 

delivered in a fractionated manner is associated with very low toxicity. No 

patient developed new visual deficit, one patient showed improvement and 

one worsening.  

 

E. SRS/SRT of residual and/or recurrent pituitary adenomas is highly effective 

in terms of radiological and clinical tumour control. Stereotactic 

radiotherapy and radiosurgery of pituitary adenomas is associated with very 

low toxicity.  

 

F. Although it may seem attractive to use a single parameter for describing the 

physical suitability of a plan, or for plan comparison purposes, this is not 

possible in practice, because there always remain the two competing issues: 

high dose to target and low dose to normal tissue. The results of this study 

show that the conformity and homogeneity indexes and the doses to the 

target are highly dependent on the tumour volume, and to a lesser extent 

on the number of lesions. We found a correlation between the conformity 

indexes and the minimum dose to the target.  

 

In patients diagnosed with neuromas the homogeneity index is positively 

correlated with toxicity.  For the group of patients diagnosed with 

adenomas the mean dose to the optic chiasm and dose received by the 

normal tissue is correlated with toxicity.  
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13.CONCLUSIONES (Castellano) 

 

A. El índice the homogeneidad y conformidad y las dosis al tumor son similares 

tanto para arcos dinámicos como campos estáticos. 10MV FFF es más 

eficiente y conforma mejor la dosis al tumor. Usando campos dinámicos 

conformados la dosis fuera del tumor es menor pero repartida en un mayor 

volumen. El margen entre el tumor y los MLCs es un compromiso entre 

índice de conformidad y dosis a la lesión. Todos los parámetros son 

aceptables para su uso clínico. 

 

B. En el grupo de pacientes tratados de neuroma la radiocirugía/radioterapia 

estereostática es una técnica efectiva para su tratamiento. El control 

tumoral es similar entre radiocirugía y radioterapia estereotáctica. El 

volumen del tumor está significativamente correlacionado con CIPaddick, CI2 y 

las dosis máximas al tejido sano y el tronco encéfalo. 

 

C. En el estudio de metástasis la tasa de supervivencia a uno y dos años fue un 

49% y 19% respectivamente. Encontramos un control tumoral del 71% y 

33% a 1 y 5 años. El volumen del tumor, el índice de homogeneidad y las 

dosis mínima al PTV están asociadas con el control tumoral. Hemos 

observado un alto CI de Paddick y bajo CI2 están asociado con la recurrencia 

local, aunque no hemos encontrado diferencias significativas. 

 

D. El tratamiento de adenomas recurrentes o residuales es altamente efectivo 

tanto para el control tumoral como para la progresión radiológica. La 

radiocirugía y radioterapia estereotáctica para el tratamiento de adenomas 

de la hipófisis está asociado con una baja toxicidad.  
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E. La radiocirugía o radioterapia estereotáctica es altamente efectiva para el 

tratamiento de meningiomas tanto primario como adyuvante. El tamaño del 

tumor disminuyó en el 61.1% y permaneció igual en el 38.9% de las 

lesiones. Se consiguió un control tumoral (100%) con una baja toxicidad 

(11%).  No se encontraron factores pronóstico para la efectividad y 

toxicidad del tratamiento para este grupo de pacientes. 

 

F. No es posible en la práctica usar un único parámetro para determinar la 

idoneidad del tratamiento ya que hay que valorar tanto la dosis al tejido 

sano como al tumor. Los resultados del estudio muestran que el índice de 

conformidad, homogeneidad y las dosis al tumor están fuertemente 

correlacionadas con el volumen, y en una menor medida con el número de 

lesiones. Hemos demostrado una correlación entre los índices de 

conformidad y la dosis mínima al tumor. 

 

En neurinomas hemos encontrado que el índice de homogeneidad está 

positivamente correlacionado con la toxicidad. En adenomas hipofisarios la 

toxicidad está asociada con la dosis media al quiasma óptico y al tejido 

sano. 
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14.FUTURE WORK 

 

 

The results from this study was limited by selection bias, which is inherent to 

retrospective analyses. Furthermore, the study was limited by the small size of 

some subpopulations, which may have affected both the results of the analyses as 

well as our interpretation. 

 

In order to provide further support to the planning study, a study with larger 

number of lesions would be beneficial. In addition a planning study for each 

lesion separately should be conducted.  

 

An interesting study would be to duplicate plans for the same lesions by two 

different planners, to evaluate the effect of the knowledge/experience. If so 

strategies for addressing these in future studies could be considered, such as 

automative knowledge based planning.  

 

Finally, intensity modulated radiotherapy (IMRT) should also be evaluated 

versus dynamic conformal arcs and static fields.  

 

To confirm the proposed hypothesis about risk factors of local control, a larger 

scale prospective study is required. Further studies are required to understand the 

biological mechanisms of tumour progression and to identify clinical predictors of 

this phenomenon. In addition it is recommended to include a neurocognitive 

evaluation to investigate correlations with the radio surgical planning parameters.  
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Evaluation of different radiosurgical planning techniques using iPlan® 
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Guildford, United Kingdom.  
 
Objective 
To evaluate and compare dosimetric parameters of different radiosurgical plans with 
an aim to determine the optimum technique for treating single brain metastases 
with a linear accelerator.  
 
Material and Methods 
A prospective study was conducted on iPlan (Brainlab V4.5, Germany) for 11 
intracranial targets of varying volumes and shapes (volume <20cc) using a range of 
radiosurgical planning techniques. The study was performed both on the CT of an 
anthropomorphic phantom (STEEV, Computerised Imaging Reference Systems, USA) 
and on a single patient planning CT. Plans were generated to treat 5 spheres of 
varying volumes (1.4cc - 17.5cc) and 2 irregular targets (8cc and 17.4 cc) in the 
phantom. Minimum and maximum plan target volume (PTV) dose, Paddick 
conformity index (CI), mean dose to normal tissue and total monitor units (MU) were 
recorded for plans with varying number of arcs (3-4) or fields (7-9), table spread (90˚-
120˚ arc), gantry spread (90˚-120˚ arc) and beam energy. All planning parameters 
were fixed except for the element to be tested. For the patient planning study, plans 
were generated for 4 target lesions at various locations using 3-4 dynamic conformal 
arcs (DCA) and 9 static fields. 
 
Results 
Phantom planning study 
DCAs showed higher PTV doses than static field plans (1-2% difference). 6 MV plans 
produced the highest maximum and minimum doses to PTV followed by 6 MV 
Flattening Filter Free (FFF) and 10 MV FFF (4% difference between energies). The 
remaining dosimetric parameters were affected only up to 1% by other planning 
factors except for increasing the margin between PTV and multi leaf collimators 
(MLC) edge (range, 1-3 mm) (1-7% difference). The best CI was seen with 9 static 
fields compared with DCA regardless of number of arcs used (2% difference). CI 
improved with the following - decreasing PTV to MLC margin (up to 10% difference), 
increasing number of static fields (1-2% difference), using 10 MV FFF (2% difference) 
and with arc length & table spread for irregular shaped targets (1% difference). 
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Patient study 
Similar results were obtained with all techniques. Total mean number of MUs were 
3144, 3166, 3121 for 3DCA, 4DCA and 9 static fields plans respectively. The mean CI 
was 2.3, 2.1 and 2.2 using 3DCA, 4DCA and 9 static field plans respectively. The 
normal tissue mean doses were 1.3% for all three techniques.   
 

Factors 

 
 
 
 
Dosimetric 
parameters 

 DCA 
or 
Static 

Number 
of 
fields/arcs 

PTV to 
MLC 
margin 

Table 
spread 

Gantry 
spread 

Energy 

PTVmaximum 
(%) 

2% 1% 1% 2% 0.50% 4% 

PTVminimum (%) 1% 2% 3%-7% 1% NA 4% 

Normal tissue 
mean doses (%) 

1% 1% <2% NA <0.5% 1% 

CI 2% 1-2% 10% 1% 1% 2% 

 

Conclusions  
All evaluated radiosurgical plans were acceptable for clinical use. The technique was 
chosen based on delivery efficiency and dose to normal brain. 10 MV FFF was more 
efficient and more conformal. 4DCA delivers lower dose to a larger volume of the 
brain compared to 9 static fields which delivers higher dose to a smaller volume. The 
MLC margin is a compromise between CI and doses to the PTV. To conclude 4DCA 
10MV FFF was chosen for clinical use, the MLC margin depends on the target 
volume. 
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Abstract 

Background We review our experience of acoustic neurinoma treatments using Stereotactic 

Radiosurgery (SRS) and Stereotactic Radiotherapy (SRT) at a single institution and evaluated 

treatment-related toxicity, local tumour control, and the radiosurgical parameters of the 

treatment.  

Methods and findings: We analysed 23 patients treated between 2007 and 2013, the follow-up 

period was ranged from 1 to 7 years (mean, 2.8 years). Patient age ranged from 23 to 78 years 

(mean, 52 years). Average gross tumour volume (GTV) was 0.2 to 4.5 cm3 (mean, 1.1 cm3). 

Tumor control, toxicity, doses to the target volume, conformity and homoneity index were 

recorded. 

Local control probability was 100% and 93.3% for SRT and SRS, respectively. We found similar 

results in tumour control, hearing preservation, and neurological complications between groups. 

The hearing preservation rate was 95.5%, 90.7% and 63.5% at 1, 3 and 5 years after SRS/SRT. 

Trigeminal preservation rates were 100% and 92.9% for both SRT and SRS respectively, no 

patient reported facial neuropathy. We found that the conformity and homogeneity index and 

maximum doses to the brainstem are correlated to tumour volume.  

Conclusion: Both SRS and SRT achieve good local tumour control, with acceptable toxicity. We 

found a correlation between the treatment parameters and tumour volume. 

 

Keywords: Radiosurgery; neurinoma; effectivity; toxicity; conformity 

 

1. Introduction 

Acoustic neurinoma, also known as vestibular schwannoma (VS), arises from Schwann cells in the 

myelin sheath of the eighth cranial nerve; which controls hearing and balance and is located in 

the inner ear. About 5% of all primary brain tumours are acoustic neurinomas. Acoustic 

neurinomas are benign slow-growing tumours and, therefore, treatment is only indicated in 

patients with tumour progression or clinical symptoms, such as hearing loss (1)(2). In the past, 
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patients with VS were treated by surgical excision. Excellent control rates were reported (3)(4) 

nevertheless, the potential morbidity of surgical excision of VS can be significant (4)(5). 

 

In 1969 Leksell introduced a non-invasive treatment method for VS: gamma-knife stereotactic 

radiosurgury (Elekta AB, Stockholm, Sweden)(6). Since the development of linear accelerators 

(linac) especially adapted for stereotactic irradiation, linac-based stereotactic radiosurgery (SRS) 

and stereotactic radiotherapy (SRT) have become an alternative to gamma knife radiosurgery. 

Various institutions reports similar tumour-control rates to surgical resection with low rates of 

treatment-related toxicity (5)(7). 

 

The aim of the present study was to evaluate tumour-control rates and treatment-related 

toxicity for VS patients treated at the same institution. Only a few previous studies have 

compared SRS vs SRT; however, these reports did not publish conformity indexes or the 

brainstem maximum doses. Therefore, our conclusions are based on this comparison. 

 

2. Materials and methods 

The present study included 23 patients treated between 2007 and 2013. All the patient data was 

collected from the University Hospital of Albacete. The study excluded one patient with less than 

one year of follow-up post-treatment. The demographic characteristics of the patients are 

presented on Table 1. All patients were treated with 6-MV photons. Patients were assigned SRS 

or SRT depending on the tumour size and tumour location. SRS was selected for patients with a 

tumour maximum diameter smaller than 2 cm, the tumour should not be compressing the 

brainstem and the distance between the lesion and brainstem should be at least 3 mm. Eight 

patients were treated with SRT, and 14 patients with SRS.  
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Table 6: Patient characteristics of the study population 

Patient 
characteristics 
or parameters 

Number (%) of 
patients, or value 
(median or mean) 

    

Age (years) 23-78 (mean, 52) 

Gender   

Male 10 (45.5%) 

Female 12 (54.5%) 

    

Side of 
treatment   

Right 13 (59.1%) 

Left 9 (40.9%) 

    

Follow-up 
period (years) 2-7 (mean, 3.6) 

Prior surgical 
resection   

Yes 10 (45.5%) 

No 12 (54.5%) 

Tumour 
volume (cm3)  

SRT 2.01±15 (mean ± SD*) 
SRS  0.60±0.67 (mean ± SD) 

                               *SD=standard deviation 

 

All patients referred to the radiotherapy centre diagnosed with VS were seen by a 

multidisciplinary clinic team consisting of neurosurgeons, neuroradiologists, ear, nose and throat 

surgeons and clinical oncologists. An evaluation of symptoms was conducted by the consultants 

and included a discussion of hearing status, tinnitus, effect on balance, facial and trigeminal 

nerve functions and any other neuropathy. The most common symptom was hearing loss (72.7% 

of patients), while vertigo and tinnitus were presenting symptoms in 22.7% and 31.8% of 

patients, respectively. Facial and trigeminal nerve involvement was present in 40.9% and 9.1% of 

patients, respectively. 

 

Three-Dimensional Treatment Planning 
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SRS and SRT were performed with the linear accelerator (Varian Clinac 600 C/D). A Brainlab m3 

multileaf collimator was used which is formed by 14 leaf pairs of 3.0 mm leaf width in the central 

part. All patients underwent computed tomography (CT) and T1-weighted magnetic resonance 

imaging (MRI) with and without gadolinium and T2-weighted MRI; the MRI slice thickness was 

0.8 mm and the CT slice thickness was 1 mm. GTV was defined as the area of contrast 

enhancement on T1-weighted MRI. The planned target volume was defined as GTV plus a 1- to 

2-mm safety margin.  

 

For SRT, the mean prescribed dose was 52.5 Gy (range, 50 Gy-54 Gy). PTV was encompassed by 

at least 90% of the prescribed dose. For SRS, the mean single dose was 12.5 Gy (range, 12 Gy-13 

Gy) at the tumour, encompassing at least the 90% isodose. All patients were treated with 6-MV 

photons, all SRT patients were treated with a non-coplanar static conformal field technique. The 

SRS patients were treated with a non-coplanar multiple dynamic conformal arc (DCA) technique. 

 

Conformity evaluation 

The conformity index indicates how accurately the dose distribution conforms to the target 

volume, while taking normal tissue considerations into account. Two conformity parameters are 

calculated for each plan. The conformity index (CI1) was defined in treatment planning system 

Brainlab as follows: 

PTV

Normal

V

V
CI 11                         (1) 

where VNormal is the volume of the normal tissue receiving the prescription dose and VPTV is the 

volume of PTV receiving the prescription dose. The value ranges between 1 and ∞; the ideal 

value is 1. The Paddick conformity index, CIPaddick (8) is another commonly utilised radiosurgery 

conformity measure. It is defined as follows: 

PIVTV

TV
CI PIV

Paddick




2

                 (2) 

where the target volume (TV) is PTV, PIV is the prescription isodose volume, and TVPIV is the 

target volume covered by the prescribed isodose (PI). A perfect plan would have TVPIV = TV and 
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yield a CIPaddick of 1.0. The value is expressed as a percentage. Other conformity formulas are very 

similar to CI1 or CIPaddick; hence, they will not be discussed further in this study. 

 

The homogeneity index (HI) was defined in 1993 by RTOG radiosurgery guidelines for 

stereotactic radiotherapy as follows (9): 

escribed

Max

D

D
HI

Pr

                               (3) 

We also reported the coverage, defined [9] as the ratio of doses: 

escribed

MIN

D

D
OGCoverageRT

Pr

              (4) 

A value of 1.0 (no underdosage in the target) is ideal. 

 

Follow-up 

All patients underwent weekly reviews during treatment. Patients were seen at the clinic 6 

weeks after radiotherapy to ensure that all acute toxicities had resolved. They were then seen 6 

months and one year post-treatment; at each follow-up, an MRI scan was carried out. Acoustic, 

facial, and trigeminal nerve function and any other neuropathologies were also evaluated. If all 

imaging and symptoms were stable, then clinic visits and MRI scans were conducted yearly 

thereafter. Tumour volumes were measured on 2-mm-thick follow-up T1-weighted enhanced 

images. Tumour volume was classified as regression (at least 2-mm shrinkage in diameter), no 

change, or progression (at least 2-mm enlargement). Local tumour control was defined as 

clinically stable neurological status and/or tumour stabilization or regression. 

 

Complications were considered long-term if they occurred 3 months post-treatment. Any cranial 

nerve worsening or new symptom was rated as a complication. The following variables were 

recorded: sex, age, tumour volume, evidence of tumour growth, CI1, CIPaddick, HI and 

CoverageRTOG. The maximum dose to the brainstem was also recorded. 

 

Statistical analysis 
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The primary end point was tumour-control probability and the secondary end point included 

actuarial toxicity rates of hearing preservation, trigeminal and facial function, and any other 

neuropathologies. All survival-based outcomes were assessed using the Kaplan-Meier method. 

Analysis of continuous variables was evaluated with the Mann-Whitney U test or t-student; the 

results were considered significant for p values <0.05. We calculated the Pearson’s correlation or 

Spearman’s rank correlation coefficient to determine the relationship between continuous 

variables. The statistical analysis was performed with commercially available statistical software 

(SPSS).  

 

3. Results 

In this study we included 22 patients: 14 (63.6%) underwent SRS and 8 (36.4%) underwent SRT. 

The PTV was significantly larger in patients treated with SRT than in patients treated with SRS 

(p=0.04); as expected, due to the selection criteria. Therefore, the PTV was significantly larger in 

patients treated with non-coplanar static conformal fields than in patients treated with DCA 

(p=0.001). The mean PTV volumes were 1.8 cm3 and 3.7 cm3 for SRS and SRT, respectively.  

 

CI1, CIPaddick, HI and CoverageRTOG are listed in Table 2. CIPaddick and CI1 were significantly different 

in patients treated with DCA than in patients treated with static fields (p=0.032 and p=0.048, 

respectively).The maximum dose to the brainstem is listed in Table 2.  

 

Table 7: CI1, CIPaddick, HI and CoverageRTOG and maximum doses to the 
brainstem. 

Technique 

Mean ±SD* 
CI1 CIPaddick HI CoverageRTOG 

Brainstem 
Max. (Gy) 

DCA - SRS 1.80±0.23 51.59±5.93 1.08±0.02 0.94±0.07 11.86±2.04 

Static field - 

SRT 
1.57±0.27 58.05±9.36 1.08±0.03 0.95±0.03 50.22±13.10 

 

CI=Conformity index; HI=Homogeneity index; SD=Standard deviation; SRT=Stereotactic 

radiotherapy; SRS=Stereotactic radiosurgery;  
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We found a significant correlation (p<0.001) between CI1 and tumour volume with a Pearson’s 

correlation value of -0.688. We found a significant correlation (p=0.040) between tumour 

volume and CoverageRTOG (r=-0.452). The correlation between CIPaddick and volume was also 

significant (p=0.003) with a correlation value of 0.611. We found a significant correlation 

(p=0.016) between CIPaddick and HI with a Pearson’s correlation value of 0.509. In addition, the 

tumour volume was positively correlated with brainstem maximum doses (p<0.001, and a 

correlation of 0.705). 

 

 

Local tumour control 

The tumour-control rate was 100% (n=8) and 92.9% (n=13) for the SRT and the SRS groups, 

respectively. In total, only one patient showed tumour progression at 1 year after treatment; this 

patient subsequently underwent neurosurgical resection of the lesion. Overall, tumour size 

decreased in 3 (13.6%) patients, was stable in 17 (77.3%) and increased in 2 (9.1%). 

 

Hearing preservation 

We defined serviceable hearing as any hearing ability sufficient for communication. We classified 

hearing ability into the following groups: improved, unchanged and worsening hearing function. 

Formal audiometry was undertaken, but we were unable to record enough data from these 

reports to be able to present the results. Among the 21 patients who presented with serviceable 

hearing before treatment, the hearing preservation rate was 95.2%, 90.2% and 78.9% at 1, 3 and 

4 years after SRS/SRT.  

 

Among the 21 patients who presented with serviceable hearing before treatment, 77.8% and 

25.9% experienced worsening at 1 and 2 years after SRS/SRT. We found no significant 

differences between the SRS and SRT groups. We also found no prognostic factors to determine 

hearing ability. 
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4. Discussion 

There is extensive literature on the management of VS. Therapeutic options include watchful 

waiting (radiological and clinical monitoring) for asymptomatic patients with no tumour 

progression, surgery (suboccipital, translabyrinthine, or middle fossa approach), SRT or SRS. 

SRS/SRT appears to be the preferred option due to the lower risk of cranial nerve injury in 

comparison with microsurgical procedures. However, surgery is often the first option for large 

tumours that may cause symptomatic brainstem compression. SRS/SRT is considered the best 

treatment option for most small to medium-size tumours in VS patients (10)(11)(12). 

 

The study was limited by the small size of some subpopulations, which may have affected both 

the results as well as our interpretation. With these limitations in mind, the primary aim of the 

present study was to investigate the outcomes of patients with VS, treated by either SRS or SRT 

at the same institution.  

 

The mean tumour volume and CI showed statistically significant differences between groups 

(DCA and static fields). Ding et al. (2006) (12) investigated the dosimetric differences among 

static and DCA plans for a broad range of tumour volumes and found that CI and HI were roughly 

equal for volumes up to 100 cc. In our study, the volume was significantly correlated with CI1, 

CIPaddick, and brainstem maximum doses. Based on Ding et al. (2006) (12) results and our results, 

we can conclude that CIPaddick was different due to the volume rather than the planning 

technique (static fields or DCA). Similar results were found by Hazard et al. (2009) (13) in a series 

of 174 targets treated with DCA technique, were six different type of intracranial tumours were 

analysed. They reported that CI was strongly correlated to tumour volume.  

 

Tumour-control rates 

Apart from our study, there have been six previous reports on differences between SRS/SRT 

(Table 3). We achieved excellent tumour-control rates with high hearing preservation rates and 

minimal complication rate. Our tumour-control rates were 92.9% and 100% for the SRS and SRT 
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groups, respectively, the results compare well with the published data. Our results support the 

hypothesis that tumour-control rates are comparable between SRS and SRT. Andrews et al. 

(2001) (14) reported that tumour-control rates were 98% and 97% for SRS and SRT. Two years 

later Meijer et al. (2003)(15) published a series of 126 patients treated with linac base SRS vs 

HSRT (stereotactic radiotherapy, hypofraction), similar results were published for SRS and HSRT 

(100% vs 94%). Chung et al. (2004) (16) also found comparable local control rates of 100% for 

both SRS and SRT. The same results were published by Puataweepong et al. (2014) (17). Kopp et 

al. (2011) (18) reported tumour-control rates of 98.5% and 97.9% for SRS and SRT. 

  

Hearing preservation rates 

We were able to include all patients in the analysis because we used a subjective serviceable 

hearing assessment. Chung et al (2004) (16) found good correlation between objective 

audiogram criteria and subjective serviceable hearing. Distinct differences were found in hearing 

preservation rates across the literature (19)(20). We observed similar results in hearing 

preservation rates between SRS/SRT, but could not find prognostic factors to determine hearing 

preservation rates. Hasegawa et al. (2011) (20) found that mean dose to cochlea was 

significantly correlated with hearing preservation rates; however, in the present study we did 

not record cochlear doses. Meijer et al. (2003) (15) concluded that 5-year hearing preservation 

probabilities for SRS vs. SRT (75% vs. 61%) were not statistically significant. Similar results were 

reported by Kopp et al. (2011) (18), with hearing function of 85% in SRS and 79% in SRT patients. 

Nevertheless, contradictory results were found by Andrews et al. (2001) (14), who reported 2.5-

fold hearing preservation in patients who received SRT. These differences could be due to 

statistically significant differences in patient population age. Mean patient age was 43 years in 

the SRT group and 63 years in the SRS group. The difference between both groups could also be 

due to the different treatment modality, as gamma knife delivers higher dose inhomogeneity 

within the target volume. The acoustic nerve passes through the target volume and, therefore, 

the maximum dose to the acoustic nerve would have been higher, thus leading to a lower 

hearing preservation rate in the single fraction group.  
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Non-hearing treatment-related toxicity 

Post-radiotherapy quality of life includes both hearing ability and trigeminal and facial nerve 

function. SRS and SRT both achieved high preservation rates of facial and trigeminal nerve 

function after treatment. There seems to be little or no difference in treatment-related facial 

and trigeminal nerve toxicity. Modern studies have shown improved results, with facial and 

trigeminal nerve preservation rates that range from 85% to 100% (21)(22). Our series showed 

findings consistent with those of these studies, with trigeminal nerve preservation rates of 92.3% 

after SRS, compared with 100% after SRT. The facial preservation rate was 100% for both groups. 

Although the trigeminal and hearing preservation rate is higher for SRS, we did not find 

statistical differences. Previous series (21)(22) have reported that treatment-related toxicity 

depends on tumour size; however, fewer studies report SRS for large lesions for that reason. 
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Table 3: Previous reports on SRS/SRT on VS.  
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5. Conclusion 

In summary, we showed excellent results for 22 patients treated with either SRS or SRT. 

Similar results were observed between both groups with regard to tumour control or 

treatment-related toxicity. We found a correlation between tumour volume, CI1, CIPaddick, HI 

and brainstem maximum doses. 
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