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1. Introduction 

 

Brain tumours are arising from different cells of the central nervous system or originating 

from various primary cancers all over the body. The incidence of gliomas is rising, peaking 

between the fifth and sixth decades of life. The same steadily increasing tendency can be 

observed in the incidence of brain metastases (BMs), ranging 9-40% worldwide, alongside the 

improved efficacy of systemic treatments, providing longer survival for cancer patients in 

disseminated status. The treatment of primary and secondary brain tumours is highly 

challenging due to the special characteristics of CNS neoplasms. The prognosis of the patients 

with glioblastoma or with intracranial metastases remained dismal in spite of all common 

interdisciplinary efforts. On the other hand, due to the vulnerability of the CNS, longer 

survivals frequently affected by the serious consequences of the tumour and of exposing the 

brain to medical interventions, including surgery, radiotherapy and chemotherapy.  

Therefore we focused our research on introduction and evaluation of novel radiotherapy 

approaches in the complex management of primary and secondary brain tumours. 

 

1.1 Glial brain tumours 

 

Gliomas, with incidence of 5/100 000 in adults, are the most common primary central nervous 

system malignancies, peaking between the fifth and sixth decades of life. After initial 

multimodal treatment, at least 70% recurrence rate of gliomas can be expected. 
 
By surgical 

therapy alone, the disease has a very poor prognosis (median survival 4-6 months), whereas 

surgery accompanied by radiotherapy (RT) ameliorates the median survival data to 8-9 

months. Together with concomitant and sequential temozolomide (TMZ), an alkylating agent 

crossing through the blood brain barrier, better median survival values can be expected, such 

as 15 months for glioblastomas, or even 2-5 years for anaplastic gliomas.   

In the case of recurrence with its considerable limitations, surgical treatment has the highest 

efficacy. As for other low grade and grade 3 cases, TMZ is the treatment of choice, if it was 

not administered during the initial management. Thereafter and for GBM second-line 

systemic treatment (such as chemo- or biological therapy) and re-irradiation is optional, in the 

lack of standardised treatment for recurrent gliomas. 
  

In the first part of the thesis, the 
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prospectively implemented 32 Gy re-irradiation in 20 fractions was evaluated in order to 

confirm the feasibility and to investigate the outcome influencing factors and potential benefit 

for patients with recurrent glial tumour after the first/second line tumour management. 

 

1.2 Brain metastasis 

 

Alongside the improved efficacy of systemic treatments, the incidence of brain metastases 

(BMs) steadily increases, ranging 9-40% worldwide. The overall prognosis remains poor: 

without any treatment 1-2 months, with palliative methods, 4-6 months of median survival 

can be expected with WBRT, depending (1) on the age and functional status of the patient, (2) 

the extent of the underlying systemic disease, and (3) the number of metastases. 

In case of multiple BMs, palliative whole-brain irradiation (WBRT) is usually performed with 

the dose of 10x3 Gy, whilst the cases with less than three metastatic lesions (i.e. 

oligometastases) are considered for surgery and/or radiosurgery with or without WBRT.  

In the case of multiple and/or large volume brain metastases, if the extracranial disease could 

be well controlled by means of simultaneous WBRT with < 2.5 Gy/fraction and focal boost to 

each metastatic lesion in 15 fractions.  

 

In the present thesis we summarise our results on two separate clinical investigations 

addressing relevant clinical questions on enhancement of radiotherapy for patients with 

recurrent primary brain tumours, and with brain metastases.   
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2. Aims of the thesis 

 

In the present thesis,  

1) we aimed to investigate  

- the feasibility of re-irradiation with low fraction size in large volume recurrent  

gliomas, 

- the safety and clinical efficacy of re-irradiation for the patients affected, and 

- the clinical factors influencing the outcome of re-RT.  

 

2) Our goal was by introducing the SIB (15x2.2 Gy WBRT+ 15x0.7 Gy boost )  into the 

management of brain metastases to find a balance in improving the survival with dose 

escalation to the macroscopic metastases, maintaining the intracranial control and 

reducing the probability of treatment-related cognitive decline; meanwhile keeping the 

treatment duration reasonable for patients even with multiple brain metastases.  

In this thesis the outcome of escalated dose irradiation (SIB and WBRT+boost) was 

compared to WBRT in order to evaluate  

- whether the above defined main goal could be achieved in real-life clinical setting; 

- whether the applicability and safety of dose escalation for radiotherapy of brain 

metastases  could be proven; 

- the  patient groups with the highest benefit from SIB according to the primary tumour; 

- further clinical factors which provide improved outcome for appropriate patient 

selection; and 

- whether this concept is also feasible for patients with declined performance status. 
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3. Re-irradiation in the management of glial tumours 

 

3.1 Patients  

 

Between 2007 and 2018, at the Department of Oncotherapy, altogether 55 patients with 

recurrent glial tumours were subjected to re-irradiation. The whole present study was carried 

out according to the ethical permission No. 4209/2018-SZTE, issued by the Ethical 

Committee of our University.  

The initial care consisted of surgery in each case. The patients with grade 2 and grade 3 brain 

tumours received radiotherapy only postoperatively and for GBM we applied adjuvant 

chemoradiation therapy followed by temozolomide monotherapy up to progression. Magnetic 

resonance imaging (MRI) were performed three monthly. Disease progression was defined 

independently by two experts. At the time of diagnosis, the tumour grading was based on 

histological assessment. At the time of re-RT, histological evaluation was performed only in 

the re-operated cases, in the case of the remaining patients (without re-operation), the grading 

was based on clinical and radiological evaluation. The majority of the patients (32 over 23) 

received bevacizumab therapy. 

 

3.2 Method of re-irradiation 

 

The re-irradiation volume was defined on the basis of planning CT (computed tomography) 

and MRI fusion. Patients were immobilised with a 3-point thermoplastic mask (ORFIT 

Industries, NL). The planning target volume encompassed the GTV (gross tumour volume) 

plus 0.3-1 cm margin. The re-RT dose was 32 Gy in 1.6 Gy daily fractions in all cases, in 

order to avoid serious neurotoxicity.  Dependent on the location and extent of the recurrent 

glioma, 3 DCRT or IMRT or VMAT (Rapid Arch) therapy-plans (VMAT) were generated. 

 

3.3 Management of side effects during radiotherapy in both studies 

 

During brain irradiation patients received 12 mg methyl-prednisolone for prevention of brain 

oedema (with PPI/H2 receptor inhibitor and potassium chloride, if needed), with gradually 

decreased dosing after radiotherapy. The dose of methyl-prednisolone was adjusted according 

to the symptoms of intracranial pressure elevation due to brain oedema. 
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3.4 Clinical data and statistical analysis of re-irradiation 

 

We assessed retrospectively the overall survival (OS) from the diagnosis, and from the first 

day of the re-irradiation according to the, age, Karnofsky performance score (KPS), primary 

tumour grade and histopathology type, the primary tumour removal, size of GTV, size of 

PTV, time interval between two irradiations, time elapsed between diagnosis and 2
nd

 RT, 

second line bevacizumab treatment.  The data were evaluated by Kaplan-Meier statistical 

analysis and COX regression was used for univariate, as well as multivariate analysis.  

 

3.5 Patients characteristics at re-irradiation 

 

The mean age of the population at the time of the primary diagnosis detection was 39 years 

(range: 11-71 years). The mean age at the time of the re-irradiation was 42 years (range: 13-

72 years). The average time interval between the diagnosis and re-irradiation was 47.4 months 

(range: 7.3-228 months) first and the re-irradiation was 36 months (range: 7.7-232 months) 

respectively.  

Variables No. of the patients  

Number of the patients 55 

Sex  

    Male 27 

    Female 28 

KPS  

     >70 % 22 

     ≤ 70% 33 

Primary histopathology type  

    astrocytoma grade 2 15 

    oligodendroglioma grade 3 6 

    anaplastic astrocytoma grade 3 6 

    glioblastoma multiforme 28 

Salvage surgery 23 

Prior temozolomide treatment 55 

MGMT methylation status  

    methylated 18 

    unmethylated 9 

    unknown 28 

Table#1 Characteristics of re-irradiated patients. 



9 
 

3.6 Results 

 

The most important factors significantly influencing the outcome of re-RT were the time 

interval between the diagnosis and re-RT, histology grade, GTV, and KPS at the re-

irradiation.  

Variable n 

OS (months) 

from initial 

diagnosis 

± SE p-value 

entire group 55 42.6 2.6  

initial histopathology type     

     grade 2 15 114.8 40.2  

 

p<0.001* 

     grade 3 12 52.2 9.8 

     grade 4 28 30.7 1.3 

Variable n 
OS (months) 

from re-RT 
± SE p-value 

entire group 55 8.37 1.9  

histopathology type at re-RT     

     grade2 (n=12) + grade3 (n=14) 26 10 1.2  

p=0.031*      grade 4 29 6 2 

GTV re-RT mean 118 cm
3
     

     ≤ mean 29 12.9 3.9  

p=0.006*      > mean 23 5.5 0.3 

KPS  at re-RT     

     ≤70% 33 5.6 0.7  

p=0.009*      >70% 22 10.4 1.9 

Time between diagnosis (DG) and re-RT     

     ≤47 months 18 6.7 1.6  

p=0.029*      >47 months 37 10.2 0.7 

Time between the 1
st 

and the 2
nd

 RT     

     ≤37 months 31 6.7 1.5  

p=0.05*      >37 months 24 10.2 3.7 

PTV re-RT 316 cm
3
     

     ≤ mean 33 10.1 1.5  

p=0.246      > mean 22 5.5 0.4 

Age at re-irradiation     

     ≤40 year 27 8.3 2.2  

p=0.704      >40 year 28 6.6 2.7 

bevacizumab therapy before re-RT     

      no 32 6.5 1.1 
p=0.35 

      yes 23 10.2 0.3 

Table#2 Survival data. Asterisk denotes significant difference (p≤ 0.05),**In 3 cases, the former 

GTV data were not available due to transfer incompatibility to the new treatment planning system.   
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3.7 Discussion 

 

In our study, significant predictors for a longer survival after re-RT were the better 

performance status at re-RT, the longer interval from the diagnosis to re-RT and lower tumour 

grade both at diagnosis and at re-RT. The age at re-RT proved not to be a prognostic factor, 

however, the mean age was below 40 years. The tumour size (i.e. GTV) was one of the most 

significant factors for the prognosis of our patients, whilst the PTV exhibited no significant 

relationship to the OS.  Recurrent tumour volume remained the strongest factor in 

multivariate analysis (p=0.038) and the time between the 1
st 

and the 2
nd

 RT (p=0.05). In our 

patient group, the median survival according to the histopathological grade was higher than in 

other reported studies (the median survival is around 55-60 months for grade 2 and 18-26 

months for grade 3 tumours). Due to the therapy, amelioration of neurological signs and KPS 

were experienced in 58% of our patients. Control radiological imaging detected stable disease 

or partial remission in 44 cases (78.6%).  

 

4. Radiotherapy of brain metastases 

 

4.1 Patients 

 

Between 2005 and 2013, at the Department of Oncotherapy, altogether 468 patients with BMs 

(arising from various primary malignancies) were subjected to palliative skull irradiation. For 

the present study, the ethical permission (No. 886/2006) was issued by the Ethical Council of 

the Faculty of Medicine, University of Szeged. 

 

4.2 Methods of brain metastasis 

 

The traditional palliative approach of 10x3 Gy WBRT (EQD2 37.5 Gy) was applied for 195 

cases (Group A); in 273 cases WBRT combined with boost irradiation were performed. In 

addition to the 10x3 Gy /18x2Gy WBRT boost dose of 10x2 Gy (EQD2 57,5 Gy/ 56 Gy) to 

the surgical cavity (if the metastasis had been removed), or to the metastatic lesions for 

patients in good PS and/or better life expectancy were performed (Group B). Later, 

simultaneous integrated boost irradiation (SIB: 15x2.2 WBRT+ 15x0.7 boost, (WBRT EQD2 

33,4Gy, metastasis EQD2 46.8 Gy) (Group C) had been given whenever it was applicable 
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with 3D conformal technique planned by XIO TPS. Boost volume was defined on the basis of 

planning CT and MRI fusion. 

 

 

4.3 Analysis of the data  

 

Retrospective assessment of overall survival (OS) according to the recursive partitioning 

analysis (RPA), Karnofsky performance score (KPS), number of metastases, metastasectomy, 

localisation and histological features of primary tumour was carried out. The data were 

evaluated by Kaplan-Meier statistical analysis. Multi-variance analysis of the prognostic 

factors was performed using the Cox proportional hazard regression model. 

4.4 Results 

 

Doubling of the survival time was detected in the escalated dose groups over the Group A 

(p<0.001). The OS was 3.2-3.3 months for all tumour types, if only WBRT was applied. OS 

difference was significant in the case of lung cancer and malignant melanoma between 

patients treated by WBRT only vs. those receiving escalated total dose. OS difference has not 

reached the statistical significance level for breast, kidney and gastrointestinal tumours. 

 Both in the case of low number of the BM (1-3) and in the case of multiple (>4) metastases, 

the OS difference between the 30 Gy and escalated groups were significant. If surgery was 

performed, statistically no OS benefit could be proven from the boost dose (p=0.48), in 

contrast to the significantly prolonged survival without neurosurgical removal (p=0.002). 

The longer treatment with higher total dose (SIB or consecutive boost to WBRT) was 

significantly more beneficial for the survival of patients both in good and in poor condition.  

As for the RPA 2 and RPA3 categories, the OS was significantly  prolonged in case of 

patients received escalated dose, 4.0 vs. 7.7 months; (p=0.002) in class RPA2 and 2.6 vs. 4.2 

months; (p<0.0001) in the class RPA 3. If no surgery was performed the SIB resulted in 

significantly longer OS of 6.5 months in contrast to the 3.9 months survival of the patients 

received WBRT only for class 1-2 (p=0.05).  

In RPA class 3, the addition of both the consecutive or delayed boost and the simultaneous 

boost to the WBRT resulted in significant OS benefit (p=0.001). The OS of patients with 

KPS>70% and even the OS of patients with KPS<70% were equally proven better in case of 
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those receiving the escalated dose vs. WBRT without boost (9.4 vs. 4.2 months; p<0.0001 and 

4.2 vs. 2.6 months; p<0.0001; respectively). 

The multi-variance analysis yielded three, mutually independent prognostic factors for 

survival: RPA, surgery and therapy method.  

 

4.5 Discussion 

 

Our aim was to find a balance in improving the survival with dose escalation to the 

macroscopic metastases, maintaining the intracranial control and reducing the probability of 

treatment-related cognitive decline; meanwhile keeping the treatment duration reasonable for 

patients even with multiple brain metastases. Therefore, we have applied conventional 

fractionation for 3D conformal whole brain and consecutive boost irradiation using the 

classical conventional fractionation scheme, 18x2Gy+10 to 12x2Gy up to 56-60 Gy total dose 

for patients with relatively longer life expectancy. Later we have introduced a shortened 

regime of 15x2.2 Gy whole brain irradiation and simultaneously 0.7 Gy was delivered to the 

tumour or tumour bed after surgery. This technique allowed encompassing even 10-12 

metastases into the boost volume, and lasted only 3 weeks, considered reasonable for patients 

with poorer condition.  

In contrast, our retrospective analysis confirmed the significant survival benefit for the whole 

group of patients including multiple metastases from intensified treatments without difference 

between the long and the shortened (SIB) regimes. This relevant survival difference was 

achieved not only for oligometastatic diseases, but for patients with multiple metastases (>4), 

as well. No serious adverse event was detected during the treatment. 

 Our study has evident limitations. Its retrospective nature and consequent patient 

heterogeneity may have biased the results. Our effort to compare the outcome of the different 

treatment schemes by retrospectively dividing the patient population amongst similar 

prognostic groups could not completely compensate the lack of prospective patient enrolment. 

Furthermore, no objective assessment of late neurotoxicity has been performed.  However, 

this study has several strengths. The large number of the patients allowed relevant statistical 

evaluation, and the three treatment approaches were clearly defined.  Our aim to study the 

feasibility of SIB in 15 fractions even for patients, who cannot be enrolled into prospective 

clinical trials due to their bad prognostics, could be investigated. Conclusion could be drawn 
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from this analysis on the applicability of lower WBRT fraction dose approach with a boost 

RT.  

Therefore, considering all the limitations, our study on large patient series in RPA2 and RPA3 

categories seems to document survival advantage of intensified irradiation schemes, which 

has high importance for the daily clinical decisions, even for patients in poor condition 

(KPS<70%). 

 

5. Findings and conclusion 

 

5.1 Main points derived from the analysis of glial tumour re-irradiation  

 

As for the first goal of the present thesis, during the optimising of radiotherapy, I investigated 

the question, whether the re-irradiation of glial tumours is plausible while keeping the adverse 

effects and complications at theirs minimum and respecting the quality of life of patients at 

the same time. The literature is not unanimous about the proper target volume size of the 

recurrent tumour to be contoured during radiotherapy planning. In case of reoperation, by 

encompassing the surgical cavity into the target volume, the possibility of large volume re-

irradiation has been also examined, in addition to how to choose the appropriate patient group 

for re-irradiation.  

(1) Smaller recurrent tumour size, better PS, longer intervals from the diagnosis to re-RT and 

also from primary RT to the re-RT, and lower tumour grade predict better outcome from 

re-RT. 

  

(2) No radiation-associated serious adverse events were observed and the re-RT improved the 

performance status and neurologic symptoms in the majority of the cases.  

 

(3) Re-irradiation with low fraction dose in large volume recurrent gliomas proved to be safe 

and seems to be clinically beneficial in selected patient group. 
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5.2 Main points of dose escalation in the radiation treatment of brain metastases 

 

In the second part of the current thesis, we aimed to define the right total radiation dose for 

brain metastases and whether boost treatment is necessary in these cases. Further, if we opted 

for boost treatment, we investigated whether should it be performed together with WBRT or 

with a certain latency. The shortest delivery of WBRT+boost using the technique of SIB 

proved to be the most efficient, and gentle method.   

(1) From our large series of evaluation, the applicability and safety of intensification of RT in 

the management of brain metastases could be confirmed. 

(2) Patients with primary lung cancer or melanoma malignum achieved significant benefit 

from SIB.  

(3) For RPA2, 3 and if no metastasectomy was performed, the higher total dose to the 

metastases yielded increased OS. 

(4) The RT intensification improved the outcome of the total patient group suffering from 

brain metastases. 

(5) The concept of dose escalation proved to be feasible and beneficial for patients with good 

and declined performance status equally. 
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