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Abstract 
 

Background 
 

Glioblastoma (GBM) is an aggressive form of primary brain cancer, with a median survival 

rate of less than one year in unselected patient populations. Standard treatment for GBM 

includes surgery, chemotherapy, and radiation therapy (RT). In 2015, Norway implemented 

Cancer Patient Pathways (CPPs) to streamline the patient process for various types of cancer, 

aiming to provide predictability and reduce non-medical delays. While CPPs were not 

initially expected to impact patient outcomes, for rapidly progressing cancers like GBM, even 

minor delays in treatment initiation could affect prognosis. This study explores the effect of 

implementing CPPs on the time interval between GBM resection and the initiation of RT, as 

well as their potential impact on GBM patient survival. 

 

Materials and Methods 

 
This retrospective cohort study utilizes data from established databases at Oslo University 

Hospital's (OUH) Neurosurgical Department and Department of Oncology. The study 

encompasses 1,215 patients diagnosed with GBM between 2006 and 2019 who received RT, 

categorized into two groups: the pre-CPP group, spanning from 2006 to 2014 (n=731), and 

the post-CPP group, encompassing the years from 2016 to 2019 (n=397). The patients 

diagnosed in the year 2015 (n=86) were excluded. The patient population is stratified based 

on the time interval between surgery and the initiation of RT (≤4 weeks, 4.1-6 weeks, >6.1 

weeks). The study employs Kaplan-Meier and Cox regression analyses to compare overall 

survival (OS) between these groups. 

 

Results 

 
In a cohort of 1,128 eligible patients for the CPP analysis, no significant survival difference 

was observed between the pre-CPP and post-CPP groups in unadjusted analysis (p=0.060). 

However, when adjusting for patient, tumor, and treatment factors, the post-CPP group had a 

significantly better outcome compared to the pre-CPP group (p<0.001). In addition, there was 

a significant higher fraction of patients, receiving RT within 4 weeks in the post-CPP group 

compared to the pre-CPP group (p<0.001).  

In unadjusted analysis both standard and hypofractionated RT groups had improved 

outcomes post-CPP implementation (p=0.017 and p<0.001, respectively), as well as older 
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patients (p=0.001), and patients with multifocal tumors (p=0.004). Adjusted analysis of both 

pre- and post-CPP groups identified prognostic factors associated with better outcomes, 

including female gender (p=0.024), age ≤ 60 years (p<0.001), gross total resection (p<0.001), 

and standard RT dose (p<0.001). In the entire cohort (n=1215), including patients diagnosed 

with GBM in 2015, patients who started RT ≤4 weeks after surgery did not experience a 

survival benefit compared to those with a more delayed RT initiation at 4.1-6 weeks 

(p=0.641) and >6 weeks (p=0.359). 

 

Conclusion 
 

Patients with GBM had significantly improved survival after the introduction of CPPs when 

adjusting for patient, tumor, and treatment factors. However, the survival difference was not 

significant in unadjusted analysis. In addition, a significant higher proportion of patients 

received RT start within 4 weeks from surgery in the post-CPP group. However, the timing of 

RT start from surgery did not impact survival. 
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1 Introduction 
 

This chapter will present the background of the project "Impact of Cancer Patient Pathway on 

Glioblastoma," which includes the problem statement and rationale of this study. This chapter 

also includes the overall research question, including the specific research questions and the 

project's main objectives. 

 

1.1 Background 
 

Cancer is characterized by abnormal and uncontrollable cell divisions that have the ability to 

infiltrate other parts of the body and destroy the normal functioning of organs. According to 

the World Health Organization (WHO), cancer is one of the leading causes of death 

worldwide, accounting for around 10 million deaths in 2020 (1). Cancer incidence rises due 

to genetic mutations from environmental and lifestyle factors. 

 

Cancer mortality incidence has decreased in recent years due to early diagnosis and screening 

of specific cancer or pre-cancer before they have developed symptoms, as well as more 

effective treatment for specific cancer. So, cancer programs should be designed to reduce 

delays and barriers to diagnosis and, treatment. Palliative care is also essential to improve 

quality of life of patients and their caregivers.  

 

Glioblastoma (GBM) is the most aggressive form of brain cancer (2). GBM patients are at 

increased risk for tumor-related and treatment-related complications (2). While radiation 

therapy (RT) remains a cornerstone on the management of GBM, a study performed by Stupp 

et al. showed that the addition of concomitant and adjuvant temozolomide (TMZ) 

chemotherapy improve the prognosis (3).  

 

1.2 Statement of the Problem 
 

Although the primary treatment of GBM is standardized, the optimal timing of RT start after 

surgery is still unknown. Numerous studies have been conducted to find the optimal timing of 

RT start and impact on outcome. However, there are conflicting results in the literature 

regarding the optimal timing of RT. Cancer Patient Pathways (CPP) are introduced in 

Norway in 2015, which are intended to contribute to expeditious investigation and start of the 

treatment without any unnecessary waiting. Studies in Norway report the effect of CPP on 
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various cancers like colorectal cancer, lung, breast, and prostate cancer (4). These studies 

focused on changes in waiting time for treatment rather than patient survival. Furthermore, no 

study has examined patient prognosis after implementing CPP for brain cancer in Norway. 

Thus, it is essential to address these research gaps by analyzing the data of GBM patients 

treated with RT provided from OUH in Norway. 

 

1.3 Rationale 
 

The GBM patients have a poor prognosis. Patients 70 years or younger in good general 

condition treated with standard radiochemotherapy have a median survival of approximately 

15 months (5). Most GBM patients seek medical help at later stages due to clinical challenges 

in early cancer detection. The alkylating chemotherapy TMZ given in addition to RT has 

shown to improve the prognosis of GBM patients (3). The findings of this study can 

contribute to a broader understanding of the impact of the timing of RT for survival in GBM 

patients. Furthermore, this study will present the effect of CPP on GBM in Norway.  

 

To date, no study has examined patient outcome after implementing CPP for brain cancer in 

Norway. Thus, we aim to address the research gaps by analyzing data from OUH in Norway. 

These findings can encourage further research to understand RT in GBM patients. 

 

1.4 Research Questions 
 

Research Question 1: Has the introduction of CPP for brain cancer reduced the interval 

between surgical resection and initiation of RT in GBM patients? 

 

Research Question 2: Has a more rapid initiation of RT led to improved survival in GBM 

patients? 

 

1.5. Objectives 
 

a) To compare the intervals between surgical resection and RT of GBM patients before 

and after the CPP implementation in Norway. 

 

b) To compare the changes in patient outcome of GBM patients before and after the CPP 

implementation in Norway 
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2 Literature Review 
 

In this chapter, the literature on GBM and CPP is reviewed. It covers the burden of GBM in 

Norway, risk factors, clinical characteristics of the disease, treatment procedures, the effect of 

timing of RT on outcome, and CPP. This literature review provides essential knowledge 

about the effect of the timing of RT for GBM patients and identifies the research gaps. The 

internet databases like PubMed and Google Scholar were used. The additional relevant 

articles were found by following up on the reference list of other articles. The existing 

literature on CPP needs to be more extensive. 

 

There were numerous studies on the timing of RT after surgery. However, there were no 

quantitative studies on the effect of CPP on the timing of RT after surgery and the clinical 

outcome in Norway. Hence, there needs to be more research regarding this concept. Thus, 

further research on this aspect of CPP and its effect on GBM patients is needed. 

 

2.1 Epidemiology 
 

Gliomas are primary brain tumors, and they are classified based on their cell of origin. These 

gliomas originate from glial cells or neural progenitors (5). The glioma tumors include 

astrocytic tumors (astrocytoma, anaplastic astrocytoma, and GBM), oligodendrogliomas, 

ependymomas, and mixed gliomas (6,7). GBM, a WHO grade IV glioma, was first identified 

in 1865 by German pathologist Dr. Rudolf Virchow (8). He was the first to describe gliomas 

pathologically, segregating them into groups we now recognize as low- and high-grade 

gliomas based on their cellularity and general contrast compared to normal brain tissue (9). 

The GBM, known initially as spongioblastoma multiforme, was renamed GBM by Bailey and 

Harvey in 1926 (10). The current nomenclature and diagnosis of gliomas are WHO 

classifications. WHO classifies gliomas into grades I to IV, which is based on malignancy 

level determined by the molecular and histopathological criteria. According to WHO, GBM 

is a grade IV glioma; it is the most aggressive, invasive, and undifferentiated type of tumor. 

 

GBM is the most common primary central nervous system (CNS) tumor in adults. GBM 

accounts for approximately 80% of all brain-related malignancies (11). The GBM is a rare 

tumor with an annual incidence rate of 0.59 to 5 per 100,00 persons (12). According to the 

Cancer Registry of Norway, around 200 high-grade glioma cases are registered annually (13). 

GBM occurs in all age groups. However, the peak incidence is between 55 to 60 years (5). 
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The incidence rate of GBM has increased in recent years. The contributing factors for this 

increased incidence rate may include an aging population, increased ease of access to a 

diagnosis like neuroimaging. According to the Cancer Registry of Norway, the incidence of 

GBM is higher in males than in females (14)(15). GBM patients have a poor prognosis, with 

a median survival of approximately 15 months after diagnosis for selected group of patients 

who are below 70 years, however for unselected patients it is approximately 11-12 months 

and a 5-year survival rate of less than 5% (5,15). 

 

2.2. Etiology 
 

For most GBM the etiology is unknown. The only known risk factor of GBM is prior 

exposure to high-dose ionizing radiation (16). Other risk factors are rare genetic disorders 

like neurofibromatosis type 1 and 2, tuberous sclerosis, Turcot syndrome, and Li Fraumeni 

syndrome (5,13,16). In addition, some risk factors that may increase the chances of GBM are 

exposure to chemicals, such as organochlorides and alkylureas, combined with copper 

sulfates, petroleum, synthetic rubber, and vinyl chloride (5). Individual studies have also 

shown a possible role between the developing GBM and ovarian steroid hormones (5).  

Environmental factors such as smoking, dietary risk factors, cell phones or electromagnetic 

field, severe head injury, occupational risk factors, and pesticide exposure have not shown 

any conclusive association with GBM (5,7,16). People suffering from infection and allergic 

diseases show a lower risk of gliomas (5).  

 

2.3. Pathogenesis of GBM 
 

GBM is most frequently located in the frontal lobe, followed by multiple lobes (overlapping 

tumors), temporal lobe and parietal lobe (17). GBM is rarely located in the cerebellum and in 

the spinal cord (17,18). Most of the gliomas occur as solitary tumors, but multicentric GBM 

can also occur. GBM can grow rapidly, within weeks to months, to significant contrast-

enhancing mass. The histological features of GBM include marked hypercellularity, nuclear 

atypia, microvascular proliferation, and necrosis (19). The tumor shows palisading of tumor 

cells around necrotic foci, and studies indicate that the highly infiltrative nature of GBM may 

be due to the presence of cancer stem cells (19). One of the characteristic features of GBM is 

the variation in the gross appearance of the tumor from one region to the other (5). The 

necrosis in GBM causes the tumor to appear soft and yellow. In contrast, some tumor areas 
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are firm and white, and some regions may show marked cystic degeneration and hemorrhage 

(5).  

The New WHO Classification of GBM 2021 

  

WHO classified GBM as grade IV (1,20). GBM classification primarily relied on histology of 

tumor until the 5th edition of WHO classification of CNS tumors published in June 2021. This 

revised document enables the diagnosis of GBM to be made not only based on histology but 

also based on several molecular biomarkers (20). 

 

The molecular biomarkers have gained importance in providing both ancillary and defining 

diagnostic information because of development of more advanced technologies. Therefore, 

the fifth edition of the WHO CNS classification incorporates numerous molecular changes 

with clinicopathologic utility. This method gives accurate classification of CNS neoplasms. 

Based on the recent WHO classification, the diagnosis of glioblastoma can include the 

presence of molecular markers such as, IDH-wildtype in combination with TERT promoter 

mutation, EGFR amplification, or +7/-10 copy number changes (20,21).  

 

The IDH-mutant astrocytoma is graded as CNS WHO grade 2, 3, or 4 and considered a single 

type known as Astrocytoma, IDH mutant (21). IDH-mutant astrocytoma grade 4 is replacing 

the former term glioblastoma, IDH mutant, WHO grade 4. So, the term glioblastoma is no 

longer used to refer to IDH-mutant astrocytic grade 4 gliomas (20).   
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Figure 1: The immunohistochemistry assessment of tissue specimens with diffuse gliomas. The presence and 

absence of the diagnostically most relevant molecular alterations for each tumor type are highlighted in red and 

green boxes. The figure is adopted from Michael Weller et al. 2021 

 

2.4 Clinical Presentation 
 

The clinical history of GBM patients is short and ranges from 3-6 months. However, the 

clinical history spans several years if the tumor arises from a low-grade astrocytoma. The 

symptoms of GBM vary depending on the region of the brain which is affected by the tumor 

and the size of the tumor. Many symptoms are related to brain swelling and increased 

pressure in the brain (22).   

 

Neurological functions are intricately tied to specific regions in the brain, and the 

manifestation of symptoms depends on the location of tumors and peritumoral edema. These 

can lead to diverse neurological signs, including epileptic seizures and heightened intracranial 

pressure (5,22,23). Increased intracranial pressure may present as headaches, nausea, 

drowsiness, and gait imbalance (5,23). Necrosis of brain tissue results in focal neural deficits 

and cognitive impairments (22). GBM in the temporal lobe causes hearing and visual issues, 
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while GBM in the frontal lobe can alter personality and cognitive functions (5,22). Large 

tumors contribute to gait imbalance and incontinence. Headaches are a prevalent feature in 

GBM, stemming from heightened intracranial pressure due to tumor growth and surrounding 

edema (5,22,23). Seizures, whether partial, complex partial, or generalized, are determined by 

the tumor's specific location. 

 

2.5 Variants 
 

Based on the 5th edition of the WHO classification of CNS tumors, there are three GBM 

histological variants (24). 

 

● Giant cell glioblastoma 

● Gliosarcoma 

● Epithelioid glioblastoma 

 

2.6 Diagnosis 
 

GBM diagnosis is usually achieved by combining clinical features and characteristic 

radiological findings confirmed by histopathology and molecular pathology (20,25). 

However, during the early stages of GBM, the diagnosis is challenging because the tumor can 

cause atypical clinical and radiological presentations. GBMs are typically large tumors, often 

have thick, irregular enhancing margins and a central necrotic core, and may also contain 

hemorrhagic components (26). 

 

Some of the tests and procedures used to diagnose GBM are: 

 

Neurological exam 

In this test, the doctor will check the patient`s muscle power, sensation, balance, reflexes, 

coordination, vision, hearing, and short-term memory. The doctor will examine the eyes to 

look for swelling caused by pressure on the optic nerve. The optic nerve connects the eyes 

and brain. This swelling is known as papilledema, and which requires immediate medical 

attention (27). Even though neurological examinations are inadequate for diagnosing, they 

might eliminate a brain tumor as the problem or point to more testing for a definitive 
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diagnosis. If the patient is suspected to have a brain tumor, he will be referred for medical 

imaging (radiology).  

Imaging Tests 

 

At present, sophisticated imaging techniques can pinpoint the location of brain tumors. These 

scan tests provide beneficial information, like the tumor location, whether it is pressing upon 

any areas, and how it might affect body functions controlled by specific brain parts. A trained 

radiologist performs the test and submits the report to the neurologist. The diagnostic tools 

are computed tomography (CT or CT scan), magnetic resonance imaging (MRI). 

 

MRI  

 

MRI is a safe and painless test that produces detailed brain images. Intraoperative MRI 

(iMRI) may also be applicable during surgery to guide tissue biopsies and tumor removal. In 

addition, magnetic resonance spectroscopy (MRS) is used to examine the chemical profiles of 

the tumors.  

Conventional MRI: It is the gold standard imaging method to study glioma. Usually GBM 

has a distinct appearance compared to low-grade glioma or benign tumors. The center of the 

tumor contains dead cells (necrosis) surrounded by a rim of growing tumor cells, surrounded 

by swelling and edema. 
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Figure 2: Differentiating low-grade from high-grade gliomas: Low-grade gliomas feature a central low-density 

area, while high-grade gliomas display central necrosis encircled by edema.  

 

MRI Spectroscopy (MRS): This tool is based on MRI, which provides information on the 

chemical composition of the tumor. It works on the principle that certain chemicals are 

abundant in the normal brain, whereas choline is abundant in tumor (22). Here the individual 

resonance peaks represent metabolite concentrations from a specific region (28). The 

chemical structure of the metabolite contributes to the position and characteristics of the 

metabolic peak on the MRS spectra. In contrast, the metabolite concentration contributes to 

the area under the peak (28). The typical spectroscopic characteristics include (26). 

● Choline: increased 

● Lactate: increased 

● Lipids: increased 

● NAA: decreased 

● Myo-inositol: decreased 
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Figure 3: Comparing Normal and GBM Brain MRI Spectroscopy: NAA vs. Cho Peaks. Normal brain spectra 

feature NAA peaks, while GBM patients exhibit prominent Cho peaks. Sampled normal brain voxels are 

depicted on the right panel. Adapted from Vikram C P et al. 2023. 

 

 

Functional MRI (fMRI): This is a helpful tool to find which parts of the brain are active or 

activated when the patient is asked to perform a specific task like talking or moving the arm 

or leg (22). By this, we can define which parts are damaged and would cause problems to 

patients during recovery. In addition, these fMRIs provide an essential adjunct during surgery 

for tumors in critical areas such as speech centers, motor cortex, or visual cortex (22). This 

fMRI shows the activated brain as a yellow/red signal. 

 

 

 

Figure 4: GBM tumor fMRI: Notable Activation in Language Region Near Tumor. Adapted from Vikram C P et 

al. 2023 
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The typical MRI sequence would include T1- weighted (pre- and post-gadolinium), T2- 

weighted, fluid-attenuated inversion recovery (FLAIR), T2*- weighted (or susceptibility-

weighted imaging), and diffusion-weighted imaging sequence 1. In the T1-weighted image, 

the center of the lesion is hypointense due to necrosis (26,29,30). The brain edema surrounds 

the lesion; this edema appears hyperintense on T2-weighted and FLAIR (26,30). The 

Diffusion-weighted images (DWI) and apparent diffusion coefficients (ADC) for solid 

components there will be elevated signals which are expected (26,30). The perfusion-

weighted imaging (PWI) reveals an increase in cerebral blood flow corresponding to 

neoangiogenesis and blood-brain barrier disruption (30). These diffusion/perfusion sequences 

are multimodal MRI techniques that provide information about the characteristics of the 

lesion (30). 

A deeper understanding of the tumor properties is essential because it will affect tumor 

delineation. Generally, RT target volumes are determined based on the MRI reports. 

 

CT SCAN 

 

Typically, the initial imaging in the diagnostic process involves a CT scan. The CT scan can 

reveal soft tissue, a bone structure near the tumor, calcification, hemorrhage, and swelling. 

However, in GBM diagnosis, the CT scan may miss small tumors (26). The small low-grade 

glioma missed during the screening study may progress to GBM (31). The enhanced CT 

scans include significant enhancement of findings such as irregularity and inhomogeneity, 

possible ring enhancement, solid enhancement, and minor enhancement in diffuse forms (31). 

However, the CT scan may not depict all multifocal lesions and cannot diagnose 

cerebrospinal fluid spread (31). So, a CT scan can be helpful to patients who are unable to 

undergo MRI imaging. 

 

2.7 Treatment 
 

The ideal multimodal treatment for GBM includes maximal surgical resection, followed by 

RT plus concomitant and adjuvant TMZ chemotherapy. Still, most of the patients experience 

tumor recurrence with nearly universal mortality.  
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Surgery 

 

Surgery is the primary treatment of malignant brain tumors. While performing the surgery, a 

wide spread of scenarios should be considered. Few of them are the medical conditions of the 

patient, the imaging reports and functional studies, neuropsychological evaluation, and the 

use of corticosteroids and antiepileptics. In this surgery, the primary goals are maximum 

resection without injuring the surrounding normal brain tissue, which is needed for normal 

neurological function, tissue specimen for pathological diagnosis, improving conditions for 

complementary treatments, delaying clinical worsening, and improving quality of life. 

Surgical resection is usually proposed to patients under 70 and should also be in good 

condition for surgery (30,32). In GBM, complete tumor removal is impossible because the 

migrating and infiltrating tumor cells invade the surrounding tissues. Tumors are often in 

eloquent areas of the brain, including areas that control speech, motor functions, and the 

senses (22,33). So, the good outcome of surgery is the patient-related, and the most essential 

treatment-related predictor is the extent of resection. The more extensive surgical resection is 

associated with longer life expectancy (33,34). 

The prolonged survival can be achieved in those patients who undergo gross total resection 

followed by RT and TMZ. However, the most critical issue is the delicate balance between 

the aggressive removal of the tumor and the preservation of normal brain function. So, 

improvements in surgical and preoperative mapping techniques have enabled maximal safe 

surgical resection (33). In preoperative mapping, fMRI, and diffusion tensor imaging (DTI) 

are used, along with ultrasound, CT scans, and MRI with direct stimulation during surgery. 

This has allowed for multimodal neuronavigation and integration of patient-specific anatomic 

and functional data (33). The 5-aminolevulinic (5-ALA) dye for fluorescence guidance is 

more effective than the conventional neuronavigation-guided surgery to differentiate between 

a normal brain and a residual tumor (33). Some limitations of this novel technique include 

cost and the need for special equipment, operators, and surgery suites.  

Radiation 

 

After surgery, the patient waits for the craniotomy wound to heal to begin with RT. Before 

the 1960s, postoperative RT was limited to single-institution case series with RT less than or 

equal to 20 Gy (35). Later, the Montreal Neurology Institute reported the survival advantage 

where patients receive an average total dose of 50-60 Gy (36). Postoperative RT alone was 

the standard treatment alone until 2005. Later the standard of care for GBM changed when 
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the results of RT with concomitant TMZ followed by six courses of TMZ chemotherapy 

(known as the Stupp regimen) was more effective than RT alone (3).  

 

Previously, whole-brain RT (WBRT) was used to treat newly diagnosed GBM, and multiple 

potential long-term complications of WBRT exist, including endocrinopathy, neurocognitive 

toxicity, and RT-induced leukoencephalopathy (35,37). This limitation of WBRT led the 

research to explore the use of involved field RT (IFRT), which reduces toxicity (33). This 

IFRT delivers external beam RT. Prior the RT the oncologist defines macroscopic tumor as 

Gross Target Volume. Further, an isotropic margin expansion from GTV generates the 

Clinical Target Volume to treat microscopic tumor. Historically a 2 cm margin from GTV to 

CTV was used based on the observation that, following RT, GBM recurs within 2cm of the 

original tumor site in 80-90% of cases (33,38,39). Lately, this margin is suggested to be 

reduced to 1.5 cm and rather to include the T2-FLAIR hyperintense signals suspect of tumor 

(39). Multiple studies confirmed that IFRT had a similar or slightly improved survival 

advantage over WBRT, with less tissue damage within the RT field (33,38). 

 

The current standard of care regarding RT uses a three-dimensional conformal beam or 

intensity-modulated RT (40). After safe surgical resection, the RT is performed on the 

patients with the typical total dose is 60 Gy in 1.8-2 Gy fractions administered five days per 

week for six weeks (33,41). Even if the dose is escalated beyond 60 Gy, the results are 

increased toxicity without additional survival benefits (38). Other techniques can reduce 

toxicity to normal brain tissue and improve local control. Some are iodine-125 brachytherapy, 

radioimmunotherapy, stereotactic radiosurgery, and hyperfractionation. However, this has not 

resulted in a significant survival advantage for newly diagnosed GBM patients (33,38).  

 

For patients above 70 years hypofractionated RT is commonly used (42). In such cases, RT is 

usually administered as a shorter course with a 40 Gy dosage in 15 daily fractions rather than 

60 Gy over 6 weeks (42).  

 

Despite surgery and RT with TMZ, the GBM carries a poor prognosis with a median survival 

of less than 2 years. The main reasons for these negative prognostic factors are increased 

necrosis, more significant enhancement, deep location, MGMT non-methylated, increased 

age, and lower pre-diagnosis functional status (26). 
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Figure 5: Kaplan-Meier overall survival of patients with RT and RT along with TMZ adapted from Fisher JP et 

al. 2021. 

 

Chemotherapy 

 

Chemotherapy is a cancer treatment where potent drugs kill rapidly dividing cancer cells. 

Presently, chemotherapy is used as a treatment for many cancers. These medications can be 

administered in the form of oral pills, injected into a vein, or, in specific circumstances, 

injected into the intrathecal space of the spine. GBMs are often comprised of several different 

types of cells. A chemotherapy drug might kill some of these cells while allowing others to 

grow unimpeded.  

TMZ is the standard drug for GBM. This drug is administered every day during RT. The 

primary treatment is standardized, RT with concomitant TMZ. RT is typically given at a dose 

of 60 Gy in 30 fractions and concomitant TMZ 75 mg/m2/day for 6 weeks (33,41). After RT, 

the chemotherapy with six courses of adjuvant TMZ is administered after one month`s rest 

period. During chemotherapy, TMZ is dosed at 150 mg\m2 daily for 5 days for the first 

course, i.e., days 1-5 of 28 days (23,33,40). If clinical and biochemical tolerance is adequate, 

the dose is escalated to 200 mg\m2 for five consecutive days per month for the remainder of 

therapy (33,40). Generally, for elderly patients the RT dose of 40 Gy with concomitant and 

six to twelve adjuvant courses of TMZ will be given (40,42). A notable improvement in 

survival, particularly in MGMT-methylated tumors, is observed with this treatment approach 

for elderly patients (42). 
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Recurrent treatment is not standardized for GBM. For chemotherapy, TMZ re-challenge is 

the first choice if the elapsed time from adjuvant courses of TMZ is sufficient. Other 

chemotherapy drugs are carmustine, bevacizumab, and lomustine (41). Lomustine is hoped to 

help improve bevacizumab efficiency when administered together (41). Bevacizumab is used 

as a second-line treatment for recurrent GBM (41). However, Bevacizumab is not 

recommended in Norway as a treatment for recurrent GBM because studies do not show 

effect on OS.  

Tumor Treating Fields therapy 

  

Along with these drugs is a device called tumor-treating fields (TTFields) approved for GBM 

treatment in some countries. TTFields deliver low-intensity, intermediate-frequency altering 

electrical fields to tumor cells (22,33,41). TTFields interrupt cell division, causing apoptosis 

(33), and is used along the adjuvant courses of TMZ for adults with newly diagnosed GBM 

(33). A study on maintenance therapy with TTFields with adjuvant TMZ courses 

demonstrates a PFS of 7.1 months versus 4 months with TMZ alone (43). This treatment is 

currently not re-imbursed in Norway.  

Disease Recurrence 

 

Despite this standard care of therapy, around 70% of GBM patients experience disease 

progression within one year of diagnosis (33). Only 5% of patients survive 5 years after 

diagnosis (33). Re-resection is an option for selected patients. A dilemma after RT is whether 

the MRI changes are tumor recurrence, pseudo-progression or radiation necrosis (33). 

Molecular testing is also an option if available to identify possible molecular targets for 

treatment. Various studies show that a greater extent of resection at recurrence is associated 

with improved survival (44). Re-irradiation may be possible for some selected patients, but 

there is an increased risk of tissue necrosis of normal brain tissue. 

Supportive Care 

 

Supportive care, called palliative care, mainly focuses on relieving pain and other symptoms. 

This care also provides psychosocial support to the patients. The most common 

complications of GBM that may require supportive care are vasogenic brain edema, seizures, 

and venous thromboembolism (45). Recognition and management of these symptoms are 

essential to optimize the patient's quality of life and it is an advantage with palliative care in 

addition to standard neuro-oncological care and treatment. 
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3 Timing of RT 
 

Adding RT to surgery will reduce the recurrence rate of GBM and improve the patient's OS. 

However, the fast-growing nature of GBM often manifests itself in rapid recurrence after the 

operation (46). Therefore, immediate treatment, especially RT, is expected. However, a delay 

of RT will give enough time to heal the wound caused by surgery and decrease the risk of 

post-surgery infection (46). In addition, this delay of RT will give time for the disappearance 

of brain edema caused by surgery, and also, the brain tissue displacement caused by edema 

will recover (46). Therefore, the timing of RT is critically important because it should 

balance the process of wound healing and the risk of tumor regeneration in the short term. 

 

Multiple studies were conducted on the effect of RT timing and outcome on multiple types of 

cancers such as breast, lung, head, and neck. These studies demonstrate that delay in RT 

leads to high recurrence rates and worse outcomes. However, in the context of GBM, the 

relationship between RT timing and clinical outcome remains unclear. Multiple studies on 

RT timing and clinical outcome in GBM patients show conflicting results.  

Some review studies examine the impact of time on initiating postoperative RT. These 

reviews are mentioned in my protocol for this thesis. 

 

3.1 Delaying RT may worsen survival 
 

Valduvieco et al. conducted a retrospective study on 107 patients suffering from GBM and 

who underwent complete tumor resection between 1994 and 2009 period (47). These patients 

were divided into two subgroups. One subgroup was treated with RT before 6 weeks, and 

another is treated after 6 weeks of tumor surgery (47). They received standard dosage of RT 

60 Gy (47), and around 86% of patients received chemotherapy, receiving a standard protocol 

of concomitant and adjuvant TMZ from 2005. To determine the median OS, they 

implemented the Kaplan–Meier method and Cox regression model in the project. The results 

indicate that the patient may lose the survival advantage obtained with optimal surgery due to 

a delay in RT (47). This retrospective study had limitations with inclusion of patients with 

anaplastic astrocytoma and GBM and non-homogeneous doses of RT during the study period 

(47). 

  

Viet Do et al. conducted a retrospective study on 182 patients suffering from grade III/IV 

gliomas from period 1979 -1995 (48). The patients were treated with RT with a median 
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dosage of 60 Gy over a median of 46 days after the surgery (48). This study implemented the 

Kaplan–Meier method to examine the effect of delay on the impact of RT. In addition, the 

Cox regression model was used while adjusting the variables like age, performance status, the 

extent of surgery, histological grades, and radiotherapy dose (48). The study observed that the 

risk of death increases by 2% each day of waiting for RT (48). This retrospective study ́s 

limitations include possible selection bias, uncontrolled patient and tumor factors, physician 

treatment bias, and quality of the database record keeping (48). Also, the recruitment period 

is somewhat antiquated.  

 

3.2 Delaying RT may improve survival 
 

S.J Han et al. conducted a cohort study on 198 patients suffering from GBM between 2004 

and 2010 (49). The study showed that a short delay in the start of chemoradiation therapy 

(CRT) administration (at 30–34 days) was predictive of prolonged OS and prolonged 

progression-free survival (PFS) compared to early initiation of CRT, that is, less than 30 days 

(49). The Cox regression model was used while adjusting the variables like treatment 

protocol, age, Karnofsky performance score KPS, and extent of resection (49). However, this 

cohort included patients undergoing both resective surgery and biopsy only. Patients 

receiving biopsies tend to have larger, non-operable tumors. When only undergoing a biopsy, 

these patients are often rushed to further RT – possibly introducing a bias of poor-prognosis 

patients in the "early-RT group." This is also the case in this study, where the number of 

patients undergoing biopsy was only 14 times higher in the early treated group than in the 

group that started RT at day 30-34 (49). 

 

Inbar Zur et al. conducted a retrospective study on 465 patients diagnosed with high-grade 

glioma between 2005 and 2014 (50). They evaluated the association of the time gap between 

surgery and CRT with OS and PFS (50). This study conducted the survival rate test using 

univariate and multivariate analysis methods (50). For categorical variables such as the extent 

of surgery, RT interruption, steroid treatment, and gender, the Kaplan–Meier method was 

performed. In contrast, the Cox proportional hazard model was performed on variables like 

age, the extent of surgery, total RT dose (Gy), etc. (50). The comparative study was 

conducted between time-gaps < 4 weeks after surgery, between 4 and 6 weeks after surgery, 

and > 6 weeks after surgery (50). The study indicates a time gap of > 6 weeks was associated 

with better OS and PFS outcomes among newly diagnosed GBM patients (50). However, 

there are several limitations in this retrospective study, one of which is that the KPS score, 
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and performance status are not reported in many cases. There is also a lack of complete IDH 

and MGMT data and a lack of control for steroid treatment.  

 

3.3 Delaying RT may not influence survival 
 

Blumenthal et al. conducted a retrospective study on 1395 patients newly diagnosed with 

GBM and treated with RT and concurrent TMZ, followed by adjuvant TMZ (51). They 

investigated the OS rate using the Kaplan–Meier and Cox proportional hazard models (51). In 

addition, a comparison was made between early RT (> 4 weeks) and delayed RT (< 4 weeks) 

from the time of surgery (51). The study observed no significant difference in OS after 

adjusting for prognostic factors (51). This result varies from Blumenthal et al. previous report 

of the year 2009, which found that there was significantly improved survival in patients with 

newly diagnosed GBM when radiation was initiated more than 4 weeks from the time of 

surgery (52). This initial report was based on only radiation monotherapy, whereas the 

following report was based on patients who received both RT and TMZ (51).  
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4 Cancer Patient Pathway for GBM 
 

The CPP is the patients journey from the initial suspicion of cancer through clinical 

investigation, patient diagnosis and treatment. Before implementation of CPP, the cancer 

diagnosis and treatment are complex in nature, and it may lead to unnecessary delays and 

regional disparities. Over the last two decades, several European countries have introduced 

programs to streamline cancer care, including the United Kingdom in 2001, the Spanish 

region of Catalonia in 2005, Denmark in 2007, and Sweden in 2015 (53–56).  

 

4.1 CPP Norway 
 

Influenced by the programs centered around CPPs, Norway published a national cancer plan 

in 2012 for the period 2013–2017 titled "Together against cancer," the core component of 

which was the introduction of CPPs (56). In 2015, CPPs were implemented in Norway to 

reduce unnecessary non-medical delays. The CPPs were first implemented for colorectal, 

lung, breast, and prostate cancer, with more types of cancer included in the following years 

(56). By the end of 2015, the Norwegian Directorate of Health had implemented 28 cancer-

specific pathways, of which 26 are organ-specific pathways, one is for metastasis with 

unknown primary cancer, and the final covers diagnostic workup (53). In September 2015 the 

CPPs were extended to brain tumors. 

 

The primary purpose of the CPPs was to "ensure that cancer patients experience a well-

organized, comprehensive, and predictable course without unnecessary delays in assessment, 

diagnosis, treatment, and rehabilitation that are not medically justified" (53–55). CPP aimed 

to improve collaboration between general practitioners and hospitals in the health care system 

(57). To achieve this, the CPP set objective measures; each CPP has a specific set of 

maximum waiting times between receipt of the referral, the first consultation with a 

specialist, a clinical decision, and the start of treatment (4). Besides, the CPPs also cover 

initial treatment and successive monitoring and treatment, supportive care, and nursing 

(55,57). 

 

4.2 CPP for GBM patients 
 

The CPP for GBM patients represents a standardized route through which the patient follows 

through the diagnostic and treatment process. This pathway starts from the referral of a 

patient suspected of brain cancer to the start of investigation for clinical decision and 
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treatment. It provides a full-length program to patients with high-grade glioma. Low-grade 

glioma patients are also under a lifelong control system because these low-grade gliomas may 

develop into high-grade gliomas like GBM (55). This program for GBM is case-specific 

rather than general, so the course is provided based on the patient's condition. The program 

aims for the course to go without unnecessary delays and with close cooperation between all 

departments and specialists (54,55). The CPP is intended to give GBM patients and relatives 

predictability and security and is a national discipline-based standardized pathway. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 6: Flow chart of CPP treatment plan for brain tumor patients Adapted from Helsedirektoratet: 

Pakkeforløp for Hjernekreft. [Norwegian Directorate of Health: Cancer patient Pathway for brain cancer.] 

 

National package procedures are normative procedures that describe the organization of 

investigation, treatment, follow-up, and communication with the patient and next of kin, as 

well as the placement of responsibilities and concrete progress times (54,55). These must be 

Suspicion of Brain tumor 

 

Patient Pathway starts A23A 

 6 DAYS 

Investigation/diagnostic start A23S 

 8 DAYS 

              Clinical decision A23CK/A23CM 

A23CA/A23CI 

7-14 DAYS  

              Treatment Start 
A23FK/A23FM/ 

A23FS/A23FL/ 

A23F0/A23FI 

 

Treatment 

finishes/discontinues 

 

Follow-up, rehabilitation, 

control 
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based on national professional guidelines or national professional councils where they exist, 

alternatively on the best available knowledge and professional consensus (54,55). 

This action program deals with diagnostics, treatment, and follow-up of high-grade diffuse 

gliomas (54). The action program for general brain tumors is 

 

Diagnosis and treatment lead times 

 

The pathway lead times is a stipulated maximum time based on calendar days the different 

phases in the process should take. The lead time for GBM is represented in Figure 6. The 

course times in the CPP for brain tumors are represented in Table 3. The goal is to ensure 

compliance with the overall target time in the pathway for 70% of the patients, but these 

target times are normative and not legally binding (58). 

 

Progress coordination 

 

Coordination of the patient process must ensure the process from the time the referral is 

received in the specialist health service to the start of the treatment or the completion of the 

packaging process, without unnecessary delay and with close cooperation between all 

departments and specialists involved (55). Therefore, all hospitals investigating and treating 

cancers must have process coordinators who will have close contact with patients and the 

agencies involved. 

 

The multidisciplinary/interdisciplinary team (MDT) 

 

The multidisciplinary (MDT) comprises a neurosurgeon, pathologist, radiologist, oncologist, 

neurologist, and course coordinator (55). This team assess patients with primary brain 

tumors. Other professional groups who will naturally participate in MDT in the CPP program 

are nurses, physiotherapists, occupational therapists, social workers, and neuropsychologists. 

The MDT meetings will discuss the patient’s disease path, treatment procedures, and 

alternatives if required and ensure the patient receives quality treatment. 

 

These instruments are used for implementing CPP for GBM, aiming to solve the problems 

like medically unjustified delays in assessment, diagnosis, treatment, and rehabilitation. In 

addition, these instruments are helpful for the patient to experience a well-organized, 

comprehensive, and predictable treatment course. 
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Table 1: The treatment course for GBM patients under CPP. 

Course description   Expiration time 

From referral received to first appearance 
investigative department   6 Calendar days 

From the first appearance in the investigative 
department to the completed investigation    8 Calendar days 

From completed examination to start treatment Surgical treatment 7 Calendar days 

From completed examination to start treatment Medical treatment 14 Calendar days 

From completed examination to start treatment Radiation therapy 14 Calendar days 

From referral received to start treatment Surgical treatment 21 Calendar days 

From referral received to start treatment Medical treatment 28 Calendar days 

From referral received to start treatment Radiation therapy 28 Calendar days 

Adapted from Helsedirektoratet: Pakkeforløp for Hjernekreft. [Norwegian Directorate of Health: Cancer Patient 

Pathway for Brain Cancer.] 

 

4.3 Background for CPP  
 

The main of CPP is to avoid unnecessary delays to improve the quality of life. The capacity 

of an organization defines the quality of diagnosis and treatment. The Norwegian Board of 

Health Supervision (NBHS) performed a risk analysis of cancer treatment in 2010 on the 

national level to identify the risk areas and bottlenecks in cancer treatment (59). The report 

mentioned the 16 most critical problem areas: diagnosis, primary treatment, interactions, and 

complications. These risk factors are mentioned in Table 4. In addition, they defined the 

severity level of these risk factors as a risk matrix. The most important risk factors are delays 

in diagnosis (59). This risk analysis contributed to the national debate. In 2011, the Ministry 

of Health and Care set a national goal of a maximum of 20 working days from referral to the 

start of cancer treatment (59). The NBHS risk analysis also identified poor information 

exchange and discontinuity in the treatment chain as significant hazards (59). 
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Figure 7: Risk Analysis Matrix from NBHS 2010 Report: 16 Top Hazards in Cancer Care Adopted from 

Risikobildet av norsk kreftbehandling  

 

The above risk analysis matrix is from the NBHS report of 2010. The NBHS detected 16 top 

hazards in cancer care regarding consequence and likelihood. This figure's "red" category 

denotes unacceptably high risk, with intervention mandatory in a short time. The "Yellow" 

connotes medium risk, with intervention needed to avoid escalation to the red category. The 

Green boxes are partly elevated risk, where intervention is not needed. Here RT and 

complications overlap between yellow and red 

 

 

Several studies were conducted on waiting time for treatment and patient outcomes for breast, 

colorectal, and lung cancer. The results showcased the differences in waiting times from 

diagnosis to treatment among different regions in Norway. To respond to these problems, 

Norway implemented the CPP program so that the whole country would have a similar 

program in all regions. The Norway treatment guidelines are available for 28 CPP programs. 

Therefore, by implementing the CPP program, the treatment is predictable and transparent. 

 

The Norway treatment guidelines are followed for GBM, and radiotherapy should be 

followed immediately after surgery within 2 to 4 weeks. 
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4.4 CPP and waiting period for RT 
 

In this master thesis study, we aimed to evaluate the effect of CPP implementation on RT 

timing and survival for GBM. 

 

With the help of the CPP program, the RT treatment after surgery is accessed within 2-4 

weeks, as recommended by guidelines. The standard time gap between surgery and RT, 

which is possible with the help of CPP, is crucial for this thesis so that we can understand the 

importance of the timing of RT for GBM and the survival outcome. This is not the case 

before the introduction of CPP. 

Various studies are based on waiting times for surgery and RT and outcomes for GBM. 

However, there needs to be more clarity among the results, possibly due to the variation in 

periods between RT and surgery in various studies. After the CPP introduction, the waiting 

time is constant, and we will have more stable data. This retrospective data may provide a 

result that may showcase the effect of waiting time and RT on GBM patients. This thesis 

focuses only on OUH patients above 18 years of age diagnosed with GBM in the time period 

from 2006 to 2019. 
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5 Materials and Methods 

 

5.1 Study Site Overview 
 

Oslo, the capital city of Norway, is the focus of this study. This city, although the smallest in 

terms of area, holds the distinction of being the most populous in the country. Oslo is a well-

developed urban center with a wealth of healthcare resources available to its residents. In 

2019, the life expectancy of the population in Oslo was recorded at 81.3 years, reflecting the 

city's commitment to healthcare and well-being. Norway, as a whole, allocates approximately 

10.5% of its national budget to the healthcare system, and Oslo plays a vital role in this 

allocation, ensuring the availability of healthcare services to its residents. 

 

5.2 Oslo University Hospital  
 

This healthcare institution emerged through the amalgamation of three esteemed University 

Hospitals in Oslo, Norway, namely Rikshospitalet, Ullevål, and Radiumhospitalet. Notably, 

OUH stands as the largest hospital organization in Europe, boasting a workforce of over 

24,000 dedicated professionals. This institution also plays a pivotal role in the realm of 

medical research, contributing to approximately 60% of all medical research conducted in 

Norway's medical centers. 

Furthermore, OUH is highly engaged in extensive international and national research 

collaborations, underlining its commitment to advancing medical knowledge and patient care 

(60). As a national reference hospital in Norway, OUH shoulders the significant 

responsibility of spearheading the introduction and development of cutting-edge medical 

examination techniques, innovative treatment methodologies, and rigorous patient follow-up 

protocols (61). This pivotal role underscores OUH's dedication to the advancement of 

healthcare practices and the well-being of patients. 

 

5.3 Implementation of the Cancer Patient Pathway at OUH 
 

In the case of Brain Cancer, OUH initiated the CPP program in September 2015, coinciding 

with the wider implementation of the program across various cancer types. OUH's medical 

department tailors the treatment approach for each GBM patient based on their clinical 

condition, with the ultimate aim of enhancing patient survival. 
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In adherence to the CPP program's principles, OUH ensures that patients receive timely 

treatment. Through the effective utilization of the CPP program, OUH consistently delivers 

RT to GBM patients within the specified timeframe following their surgical procedures 

ensuring strict adherence to clinical standards. This commitment to timely and organized care 

underscores OUH's dedication to optimizing patient outcomes and the overall quality of 

healthcare services. 

 

5.4 Justification for Research Method Selection 
 

Upon reviewing the existing literature (47–50,52), it became apparent that a retrospective 

cohort study represents an appropriate choice for researchers to investigate various treatment 

modalities, particularly to evaluate the efficacy of the timing of RT and its impact on patient 

outcomes in the context of GBM. The primary advantage of employing this method is its 

cost-effectiveness, as it relies on pre-existing data and medical records, thereby facilitating 

the acquisition of a substantial dataset spanning extended timeframes. By leveraging this 

approach, researchers can comprehensively assess a wide array of potential risk factors 

associated with GBM, shedding light on prognosis and survival rates for GBM patients. 

Nonetheless, it is imperative to acknowledge potential disadvantages linked to retrospective 

cohort studies, notably concerns related to data accuracy and data completeness. These 

limitations can introduce variability into the study results. Furthermore, retrospective studies 

have limited control over data collection, which can affect the comprehensiveness of the 

dataset. For this particular research question, a prospective cohort study was not deemed 

suitable. Prospective cohort studies are typically time-consuming and creating a sufficiently 

large cohort for GBM would be impractical given the rarity of this condition and the 

extensive timeframes needed to generate conclusive results. 

 

5.5 Research Design 
 

This research was executed as a retrospective cohort study with a specific focus on GBM 

patients at OUH. 
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5.6 Patient Selection and Exclusion Criteria 
 
The identification of patients diagnosed with GBM at OUH spanning from 2003 to 2019 was 

conducted through the Brain Tumor Registry at the Department of Neurosurgery. GBM 

diagnoses were histopathologically confirmed by the WHO classification relevant at the time 

of diagnosis (62). 

Included in this study were patients aged 18 and above who had received partial brain RT 

following surgery at OUH's Neurological Department. RT, with or without concomitant 

TMZ, was administered in collaboration with the South-Eastern Health Authority, 

specifically, OUH, Innlandet Hospital, or Sørlandet Hospital. Given the implementation of 

the Stupp protocol in 2005, patient inclusion commenced from 2006 onwards, facilitating a 

more homogenous treatment group. 

In adherence to the study's methodological rigor, specific exclusion criteria were applied: 

Patients whose diagnoses were made outside the predefined time frame (2006 to 2019) were 

excluded to ensure the study's relevance and precision, aligning with the research objectives. 

Patients who did not undergo RT, those who received TMZ monotherapy with or without 

subsequent RT (n=11), individuals with an unknown commencement date for RT (n=33), and 

those who received whole brain RT (n=2) were excluded from the analysis. Notably, the 

median OS for these excluded patients was 2 months. 

Additionally, patients diagnosed in the year 2015 were also excluded from the study, despite 

falling within the designated time frame. This decision was made during the analysis due to 

the transitional nature of the year 2015, which marked the shift from Non-CPP to CPP. Such 

transitional periods may introduce data entry errors, missing information, or discrepancies, 

and therefore, excluding data from the year 2015 was intended to enhance data quality and 

accuracy. 
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Figure 8: Patient Exclusion and Inclusion Flowchart, Stratification into Pre and Post-CPP Cohorts 

 

5.7 Sample size 
 
The flowchart presented above outlines the patient selection and exclusion criteria for this 

research analysis. A total of 1656 patients were initially identified in the Brain Tumor 

Registry for the period spanning from 2003 to 2019. However, patient inclusion commenced 

in 2006, aligning with the Stupp protocol, and excluded patients amounted to 149 who did 

not receive RT and 46 with incomplete data concerning the start date of RT, as well as those 

who had received total brain RT or TMZ monotherapy. An additional 86 patients from the 

transitional year 2015 were excluded due to potential data discrepancies. Consequently, the 

final patient cohort for this study comprised 1128 individuals. These patients were 

https://lucid.app/lucidchart/c1fe7a0d-8c17-4013-94dc-d8679c30cda3/edit?crop=content&page=0&signature=bc43003236eaf9366eb1a98d53cc88db78c3fc2f4ba21ac705de6a07555f95da
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categorized into two distinct groups: the pre-CPP group, consisting of 731 patients from 2006 

to 2014, and the CPP group, comprising 397 patients from 2016 to 2019. 

 

5.8 Data collection 
 
Patient identification relied on the Brain Tumor Database at OUH, with data encompassing 

patient demographics (age, sex), tumor characteristics (localization), and primary diagnosis 

and treatment. The information was sourced from both the Internal quality registry and 

electronic patient records. Molecular genetic characteristics of the tumors like MGMT 

promoter methylation and IDH mutation status were largely unavailable for patients before 

2015 and thus were not part of the dataset. Assessment of resection grade was conducted 

based on post-operative contrast-enhanced MRI scans and categorized as biopsy, gross total 

resection (GTR), or subtotal resection (STR). Notably, data concerning concomitant and 

adjuvant TMZ was only partially accessible and, as a result, was not collected for this study. 

 

5.9 Ethics 
 

The Regional Committee for Medical and Research Ethics approved this study. Exemption 

from the need to obtain informed consent from all included patients was granted. The data 

protection officer at OUH approved.  

 

5.10 Statistical Analysis  
 
The timing of RT within the spectrum of GBM treatment has garnered substantial attention 

and discussion. For GBM patients who have undergone surgical resection, the decision 

regarding when to commence RT carries significant implications for treatment effectiveness, 

disease management, and patient well-being. In this segment, we delve into the statistical 

analysis conducted to explore the research question concerning the timing of RT and its 

influence on OS within the framework of the CPP program. 

Our research endeavors to investigate the impact of the CPP program on the timing of RT 

following surgery for GBM patients in Norway. Additionally, we assess survival outcomes 

both before and after the introduction of CPP, considering the timing of RT. To achieve this 

objective, we analyzed a retrospective cohort study encompassing GBM patients who 

underwent surgical interventions as part of their comprehensive treatment regimen. Our study 

encompasses GBM cases across all stages and involves three distinct surgical techniques. Our 
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overarching aim is to provide a robust, evidence-based evaluation of whether the CPP 

program has a discernible effect on the timing of RT and OS among GBM patients. 

 

The datasets were analyzed using Stata version 17 (StataCorp LLC, Texas, USA). The 

collected data was securely stored in a sensitive data server (TSD).  

 

5.10.1Analysis population 

 

In our analyses, all registered patients were included, regardless of whether they were 

exposed to or complied with the CPP guidelines. This approach is commonly referred to as 

"intention-to-treat" (ITT). We chose to analyze our data using the ITT principle because it 

allows for accurate and unbiased inferences regarding the effectiveness of the CPP. In other 

words, it enables us to consistently interpret the effectiveness of the CPP. 

Conversely, conducting Per-Protocol (PP) analyses would have involved focusing only on 

patients who strictly adhered to the CPP guidelines. However, such an approach could have 

introduced a higher risk of bias into our analysis. Therefore, we made the decision not to base 

our data analysis on the PP principle. 

 

5.10.2 Variables 

 

In this analysis, the selection and inclusion of variables are pivotal in comprehending and 

modeling the timing of RT and time-to-event death, significantly influencing the study's 

validity and interpretability. The following variables have been incorporated in this study to 

construct models that estimate the timing of RT before and after CPP implementation, as well 

as to understand and model the OS for these two groups: 

Gender: This variable characterizes the patients' gender. 

Age at Diagnosis: This variable is patients' age in years at the time of the initial GBM 

diagnosis and is categorized into three groups: ≤60 years, 60-70 years, and >70 years. 

Type of Surgery: This variable indicates the type of surgery performed on the GBM patient. 

The analysis encompasses three types of surgeries: GTR (Gross Total Resection), STR 

(Subtotal Resection), and biopsy. 

Lobe: This variable indicates the specific lobe of the brain where the tumor is located (tumor 

location) and is categorized into solitary tumors and multifocality tumors. 

Side: Denotes the side of the brain where the tumor is situated (tumor location). 
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Treatment: This variable describes the treatment received by the patient after surgery, 

encompassing radiation with or without TMZ. It also incorporates the dosage of radiation 

administered to the GBM patient. The Standard RT dosage of 48-60 Gy, and the 

hypofractionated RT dosage is 30-40 Gy. 

Timing of RT: This variable characterizes the commencement of RT after surgery and is 

categorized into three intervals: ≤4 weeks, 4.1-6 weeks, and >6 weeks. 

Patient Status: This variable indicates the patient's status as either deceased or alive. The 

death date considered for this analysis is 27 April 2023. 

These variables collectively serve as the foundation for this analysis, facilitating the creation 

of predictive models and a comprehensive understanding of the timing of RT and patient 

outcomes in the context of CPP implementation." 

5.10.3 Descriptive statistics of patient characteristic data 

 

Patient’s characteristics data were compared between the two groups using descriptive 

statistics. Descriptive statistics in the form of counts and percentages were used to describe 

categorical variables with the chi-square test used to evaluate associations among them. To 

assess the difference in the timing of RT after surgery between the pre-CPP and post-CPP 

groups, a chi-square test was employed.  

5.10.4 Time-to-event data  

 

Survival was defined as time from primary surgery to death of any cause or censoring (April 

27th, 2023). In the context of cancer research, it is not uncommon for some patients to still be 

alive at the end of the follow-up period. For those patients who remained alive beyond the 

last follow-up date at the conclusion of the study, we anticipated that the event of interest 

(death) might eventually transpire. This type of censoring, known as right censoring. Given 

that our pre-CPP group consisted of all the reported deaths prior to the CPP, we did not need 

to consider other forms of censoring, such as left censoring or interval censoring. 

5.10.5 Analysis of time-to-event data 

 

We employed two probability functions to analyze our time-to-death data: the survival 

(survivor) function and the hazard function. The survival probability was defined as the 

likelihood that a cancer patient would survive to a specified future time from their registration 

in the CPP. In contrast, the hazard function represented the probability that a patient, who 

was still alive at a particular time "t," would die at that time. Essentially, it conveyed the 

conditional probability of a patient dying at time "t," given that the patient had survived up to 

that point. 
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For survival analysis in this study of GBM cancer, we utilized both non-parametric methods: 

Kaplan-Meier plots and the log-rank test and semi-parametric regression model, Cox 

proportional hazards.  

Non-parametric tests 

 

Kaplan-Meier test 

 

The Kaplan-Meier analysis quantified the duration of survival from specific data points until 

the occurrence of death or other significant events (63). It utilized the Kaplan-Meier survivor 

curve, a graphical representation that depicted the evolution of survival probability over time, 

to summarize the data and estimate key parameters such as the median survival time. The 

computation of survival probability took into consideration various event times, especially 

instances of subject mortality after their entry into the trial, which might transpire at different 

time intervals. Even when some subjects remained alive at the study's conclusion, the 

Kaplan-Meier analysis could accommodate these scenarios. The cumulative probability at a 

specific time interval was derived by multiplying the survival probabilities from all preceding 

intervals, adhering to the principles of probability multiplication. 

The median survival time, marking the point at which the total probability of survival reached 

0.50, was calculated. These estimates were visually conveyed through a graph that presented 

estimated survival probabilities or survival percentages on the Y-axis, while the X-axis 

represented the time elapsed since entry into the study. This chart featured both horizontal 

and vertical lines, facilitating the comparison of two survival curves. Variations in these 

curves, whether horizontal or vertical, indicated differences in the survival experiences of 

distinct groups. Vertical gaps suggested that at a specific time, one group had a larger 

proportion of surviving subjects, while horizontal gaps indicated that it took longer for one 

group to reach a particular fraction of deaths.  

To compare the median survival times between the pre-CPP group and the post-CPP group, 

the log-rank test shall be used. 

 

Log-rank test 

 

The comparison of median survival times between the pre-CPP group and the post-CPP 

group was conducted using the log-rank test. This test was a statistical method employed to 

assess and compare the survival distributions of the two sample groups. It belonged to the 
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category of nonparametric tests, which rendered it suitable for right-skewed or censored data. 

The log-rank test was widely utilized to evaluate the effectiveness of a new treatment in 

comparison to the pre-CPP group when the primary outcome was the time to an event, as was 

the case in our study, where the event of interest was death.  

 

Semi-parametric 

 

To model our data and evaluate the impact of various factors (covariates) on patient survival, 

we applied the Cox proportional hazards (PH) model to our research. We operated under the 

assumption that the survival times of the patients were independent of each other and that the 

censoring type was right censoring. Crucially, we postulated that the hazard in any group was 

a constant multiple of the risk in another group. This was known as the proportionality 

assumption, which we verified through the Schoenfeld residual test. 

Cox-proportional hazard regression  

 

Cox proportional hazards regression is a statistical method designed to explore the influence 

of multiple variables on the timing of a specific event, in our case, mortality. Our study 

focuses on mortality, making it a Cox regression for survival analysis. The Cox regression 

yields more accurate survival probabilities and cumulative hazard estimates compared to the 

Kaplan-Meier function. Notably, the Cox proportional hazards regression can accommodate 

both quantitative and categorical predictor variables, whereas Kaplan-Meier curves and log-

rank tests are primarily suitable for categorical predictor variables. 

The Cox regression model allows us to investigate how certain factors affect the rate of a 

particular event, such as death, occurring at a specific time. This rate is known as the hazard 

rate, represented by the hazard function h(t). The hazard function signifies the risk of 

experiencing an event (in this case, death) at a time "t" and can be estimated as: 

 

                          ℎ(𝑡) = ℎ0(𝑡) × exp(𝑏1 × 1 + 𝑏2 × 2 +⋯+bp× 𝑝) 

 

Here, "t" signifies the survival time, while h(t) represents the hazard function influenced by a 

set of "p" covariates (x1, x2, …, Xp). The coefficients b1, b2, …, bp measure the impact of 

these covariates. The baseline hazard is referred to as h0. 

The Cox regression model is essentially a multiple linear regression of the natural logarithm 

of the hazard on the variables xi, with the baseline hazard acting as an "intercept" term that 
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varies over time (64). The quantities exp(bi) are termed hazard ratios (HR), and their values 

are interpreted as follows: 

• HR = 1 indicates no effect. 

• HR < 1 indicates a reduction in hazard. 

• HR > 1 indicates an increase in hazard, implying a negative association with survival 

duration. 

The p-value is defined as the probability, under the null hypothesis (assumption of no effect 

or difference), of obtaining a result equal to or more extreme than the observed result (65). In 

our analysis, p-values less than 0.05 were considered statistically significant. 
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6 Results 
 

6.1 Characteristics of Patients, Tumors, and Treatment for whole cohort 

 
In this study, a total of 1128 patients who met the inclusion criteria Table 2 were analyzed. 

Among these patients, the majority were male, accounting for 669 individuals (59.3%). The 

proportion of patients under the age of 60 was notably higher, with 484 cases (42.9%). Tumor 

localization revealed a higher frequency in the right hemisphere, comprising of 563 patients 

(49.9%), followed by the left hemisphere with 531 cases (47.0%). Tumor was located in the 

midline with 12 patients (1.1%) and bilaterally with 23 patients (2.0%). The most frequent 

tumor location was in the frontal lobe, representing 383 patients (33.9%). Multifocal tumors 

were present in 100 patients (8.9%). Surgical interventions consisted of gross total resection 

(GTR) in 329 patients (29.2%), and subtotal resection (STR) in 684 patients (60.6%), while 

only biopsy was performed in 115 patients (10.2%). 

The majority, comprising 892 individuals (79.1%), underwent the conventional standard RT 

regimen, characterized by doses within the range of 48 to 60 Gy. In contrast, a minority of 

236 patients (20.9%) received hypofractionated RT, where doses fell within the spectrum of 

30 to 40 Gy. 

The timing of RT initiation post-surgery was stratified into three intervals ≤4 weeks, 4.1-6 

weeks, and >6 weeks. Notably, a substantial portion of patients, specifically 543 cases 

(48.1%), received RT treatment within the initial four weeks following their surgical 

procedures. 

6.2 Characteristics of Patients, Tumors, and Treatment in-between pre and post-

CPP 
 

The study cohort was divided into two distinct groups based on the period of diagnosis (Table 

2). The pre-CPP group, comprising patients diagnosed between 2006 and 2014, accounted for 

731 individuals (60.2% of the total sample), while the post-CPP group included patients 

diagnosed between 2016 and 2019, totaling 397 individuals (32.7% of the sample). Most of 

the patients in both treatment groups were male, 426/731 (59.6%) pre-CPP and 233/397 

(58.7%) post-CPP. Patients under 60 years of age were more numerous in both groups, with 

311/731, (42.5%) in pre-CPP and 173/397 (43.5%) in post-CPP, respectively. In both pre-

CPP and post-CPP groups, most tumors were in the right hemisphere, accounting for 

363/731, (49.6%) and 201/397 (50.6%), respectively. The most common tumor location was 

the frontal lobe, with 250/731 (34.2%) in pre-CPP and 133/397 (33.5%) in post-CPP, 

followed by the temporal lobe with 205/731 (28%) in pre-CPP and 110/397 (27.7%) in post-
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CPP. Multifocal tumors were less frequent, representing only 67/731 (9.2%) in pre-CPP and 

33/397 (8.3%) in post-CPP. 

 

In both treatment groups STR was most frequent with 466 out of 731 patients (63.7%) in the 

pre-CPP group, and 206 out of 397 patients (51.8%) in the post-CPP group. Conversely, 

biopsy was a less frequent, albeit it was slightly more common in the post-CPP group, 

accounting for 57 out of 397 patients (14.3%), as compared to 58 out of 731 patients (7.9%) 

in the pre-CPP group. 

 

It is worth noting that a significant majority of patients in both the pre-CPP and post-CPP 

groups received the standard RT regimen, involving doses within the range of 48-60 Gy, with 

614 out of 731 patients (83.9%) and 278 out of 397 patients (70%), respectively. In contrast, 

a minority of patients, comprising 16% (117 out of 731 patients) in the pre-CPP group and 

30% (119 out of 397 patients) in the post-CPP group, underwent hypofractionated RT, with 

doses ranging from 30 to 40 Gy.  
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Table 2: Characteristics of the patients stratified by treatment group (N = 1128) 

 Total (N = 1128) Pre-CPP (n = 731) Post-CPP (n = 397) 

Gender    

 Female 459 (40.7) 295 (40.4) 164 (41.3) 

 Male 669 (59.3) 436 (59.6) 233 (58.7) 

Age (in years)    

 < 60 484 (42.9) 311 (42.5) 173 (43.6) 

 60 - 69 388 (34.4) 278 (38.0) 110 (27.7) 

 ≥ 70 256 (22.7) 142 (19.4) 114 (28.7) 

Tumor location    

 Right 563 (49.9) 363 (49.6) 201 (50.6) 

 Left 530 (47.0) 342 (46.8) 187 (47.1) 

 Midline 12 (1.1) 10 (1.4) 2 (0.5) 

 Bilateral 23 (2.1) 16 (2.2) 7 (1.8) 

Tumor focality    

            Frontal 382 (33.9) 250 (34.2) 132 (33.3) 

            Parietal 196 (17.4) 119 (16.3) 77 (19.4) 

            Temporal 315 (27.9) 205 (28.0) 110 (27.7) 

            Occipital 90 (8.0) 62 (8.5) 28 (7.0) 

            Insula 18 (1.6) 11 (1.5) 7 (1.8) 

         Corpus Callosum 27 (2.4) 17 (2.3) 10 (2.5) 

Multifocal (2 or more) 100 (8.9) 67 (9.2) 33 (8.3) 

Type of Surgery    

            GTR 329 (29.2) 195 (26.7) 134 (33.8) 

            STR 684 (60.6) 478 (65.4) 206 (51.9) 

            Biopsy 115 (10.2) 58 (7.9) 57 (14.3) 

Timing of RT    

≤ 4 weeks 543 (48.1) 285 (39.0) 258 (65.0) 

4.1-6 weeks 433 (38.4) 307 (42.0) 126 (31.7) 

> 6 weeks 152 (13.5) 139 (19.0) 13 (3.3) 

Radiotherapy    

48-60 Gy 892 (79.1) 614 (84.0) 278 (70.0) 

30-40 Gy 236 (20.9) 117 (16.0) 119 (30.0) 

 
Significant p-values highlighted in bold. Abbreviations: GTR, gross total resection; STR, Subtotal resection; Gy, 

gray 

 

 

 

6.3 Analysis of Survival for whole patient cohort  
 

The median OS for the study cohort was calculated to be 12.9 months. Both unadjusted and 

adjusted, has been provided in Table 3 for reference. Notably, the adjusted analysis unveiled 

the identification of several statistically significant favorable prognostic factors. These factors 

encompassed female sex, patients under the age of 60 years, the application of gross total 

resection (GTR) as a surgical approach, and the utilization of higher RT doses. 
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Table 3: Unadjusted and adjusted analysis of patient cohort comprising pre- and post-CPP groups (n=1128) 

 
 Unadjusted Adjusted 

 HR (95% CI) P-value HR (95% CI) P-value 

Age in years (ref: < 60)     

 60 – 69 1.52 (1.32, 1.74) < 0.001 1.51 (1.31, 1.73) < 0.001 

 ≥ 70    2.29 (1.96, 2.69) < 0.001 1.46 (1.18, 1.80) < 0.001 

Gender (ref: Female)     

Male 1.16 (1.03, 1.31) 0.015 1.15 (1.02, 1.30) 0.024 

Type of Surgery (ref: GTR)     

STR 1.60 (1.39, 1.83) <0.001 1.58 (1.38, 1.82) <0.001 

Biopsy 2.37 (1.91, 2.95) <0.001 1.84 (1.46, 2.32) <0.001 

Timing of RT (ref: <4 weeks)     

4-6 weeks 1.04 (0.91, 1.18) 0.56 1.02 (0.89, 1.16) 0.793 

> 6 weeks 1.07 (0.89, 1.29) 0.45 1.04 (0.86, 1.25) 0.690 

Tumor Location (ref: right)     

Left 0.96 (0.85, 1.08) 0.481 1.01 (0.90, 1.14) 0.859 

Midline 0.97 (0.55, 1.72) 0.917 0.95 (0.53, 1.69) 0.856 

Bilateral 1.67 (1.10, 2.54) 0.016 1.24 (0.80, 1.91) 0.340 

Tumorfocality (ref: Solitary)     

Multifocal (2 or more) 1.42 (1.15, 1.75) <0.001 1.23 (0.99, 1.53) 0.065 

Radiotherapy (ref: 48-60 Gy)     

30-40 Gy 2.73 (2.35, 3.16) <0.001 2.22 (1.81, 2.72) <0.001 

 
Significant p-values highlighted in bold. Abbreviations: OS, overall survival; CI, confidence interval; GTR, 

gross total resection; STR, Subtotal resection; Gy, gray 

 

 

6.4 Impact of cancer patient pathway on timing of RT 
 

Analysis revealed that in the pre-CPP group, the median interval between surgery and the 

initiation of RT was 31 days, as opposed to the post-CPP group, where the median time was 

reduced to 27 days (Table 4). 

 
Table 4: Comparison of Postoperative Radiation Therapy Timing between Pre-CPP and Post-CPP Groups 

 

Groups Median time (25th, 75th) (in days) Mean Standard Deviation 

Pre-CPP  31 (26, 39) 34.93 13.03 

Post-CPP 27 (22, 31) 28.10 9.84 

 

 

The timing of RT administration following surgery was categorized into three distinct 

intervals: ≤4 weeks, 4.1-6.0 weeks, and >6 weeks. Significantly, a higher proportion of 

patients in the post-CPP group, representing 258 out of 397 patients (65.0%), received RT 

within the first four weeks post-surgery, in contrast to 285 out of 731 patients (39.0%) in the 

pre-CPP group (Table 2). This discrepancy in timing was found to be statistically significant 

(p<0.001). Moreover, the proportion of patients receiving RT within the 4.1-6.0 week and > 
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6-week intervals was markedly higher in the pre-CPP implementation phase as compared to 

the post-CPP phase, with both differences being statistically significant (p<0.001). These 

findings underscore the notable impact of CPP implementation on the interval between 

surgery and RT. 

 

6.5 Impact of cancer patient pathway on survival 
 

The median OS within the pre-CPP group was 12.3 months, while the post-CPP group 

exhibited a median OS of 13.7 months (Table 5). This difference, however, was not found to 

be statistically significant (p=0.060) (Table 6 and Figure 9). Among the older patients, aged 

70 years or older, the pre-CPP group displayed a median OS of 8.3 months, contrasting with 

11.0 months observed in the post-CPP group. Notably, an unadjusted analysis revealed a 

significant survival difference favoring the post-CPP group (HR 0.66, 95% CI 0.51-0.85, 

p=0.001), as depicted in Table 6 and Figure 10. In contrast, among younger patients, there 

was no significant difference in survival between the pre- and post-CPP groups. 

Furthermore, significant differences in survival were identified in unadjusted analysis both 

for patients receiving standard and hypofractionated RT (p=0.017 and p<0.001, respectively). 

Further details can be found in Table 6 and Figures 11 and 12. 

Patients diagnosed with multifocal disease demonstrated distinct median OS durations, with a 

median OS of 12.1 months observed in the post-CPP group and 8.6 months in the pre-CPP 

group. Notably, an unadjusted analysis revealed a significant difference in survival, with a 

HR of 0.52 and a 95% confidence interval (CI) ranging from 0.33 to 0.81 (p=0.010). Further 

details can be found in Table 6. 

In analysis when adjusting pre- and post-CPP groups for patient, tumor, and treatment 

factors, the patients in the post-CPP group had significantly better outcome than patients in 

the pre-CPP group; HR 0.74, 95% CI 0.65-0.85, p<0.001. 
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Table 5: Median survival time in months stratified by treatment group (N = 1128) 

 Overall (1128) Pre-CPP (731) Post-CPP (397) 

 Median OS (25th, 75th) Median OS (25th, 75th) Median OS (25th, 75th) 

Overall survival 12.9 12.3 13.7 
Gender    

 Female 13.2 (8.0, 24.5) 12.4 (7.5, 23.1) 14.2 (8.8, 29.3) 

 Male 12.8 (8.2, 19.2) 12.1 (7.9, 18.9) 13.5 (8.9, 19.9) 

Age group (years)    

<60 15.6 (10.2, 28.8) 15.4 (10.1, 27.6) 16.3 (10.4, 31.6) 

60-69 12.6 (7.5, 19.2) 11.8 (7.1, 19.1) 14.4 (9.9, 19.9) 

≥70 9.1 (5.5, 13.5) 8.2 (5.1, 11.9) 11 (6.6, 15.9) 

Tumor Location    

Right           13.0 (8.1, 21.4) 12.1 (7.9, 20.8) 14.0 (8.7, 21.4) 

Left 12.9 (8.4, 20.2) 12.8 (8.0, 19.1) 13.3 (9.0, 23.1) 

Midline 13.7 (4.7, 22.5) 10.4 (4.7, 22.5) 13.7 (13.7, 32.5) 

Bilateral 9.1 (3.2, 16.1) 8.0 (3.2, 12.6) 13.0 (7.5, 16.8) 

Tumor focality    

              Solitary 13.4 (8.4, 21.2) 12.9 (8.2, 20.3) 13.9 (8.8, 22.1) 

Multifocal (2 or more) 9.2 (5.5, 13.5) 8.6 (4.6, 12.3) 12.1 (9.1, 22.2) 

Type of surgery    

GTR 16.4 (11.2, 30.3) 15.8 (10.5, 29.4) 17.3 (12.4, 30.9) 

STR 12.1 (7.9, 18.5) 11.7 (7.3, 18.2) 13.2 (8.9, 20.7) 

Biopsy 8.3 (4.6, 13.3) 6.6 (4.6, 13.4) 8.4 (4.8, 12.9) 

Timing of RT    

< 4 weeks 13.4 (8.5, 21.6) 12.4 (8.1, 21.3) 14.3 (9.2, 22.1) 

4.1-6 weeks  12.5 (8.2, 19.6) 12.1 (7.9, 19) 13.3 (8.8, 24.1) 

> 6 weeks 12.3 (6.7, 19.5) 12.7 (6.9, 19.9) 7.5 (6.1, 13.0) 

Radiotherapy    

48-60 Gy 14.7 (9.8, 24.1) 14 (8.9, 23.1) 15.6 (11.3, 28.4) 

30-40 Gy 7.3 (4.1, 11.7) 5.9 (3.8, 8.9) 9.7 (5, 13.6) 
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Table 6: Unadjusted Analysis: Pre-CPP vs. Post-CPP Comparison 

Characteristics Unadjusted analysis 

 Hazard ratio (95% CI) P-value 

ref: pre-CPP   

Post-CPP 0.88 (0.78, 1.00) 0.060 

Age in years   

<60 0.95 (0.78, 1.16) 0.610 

60-69 0.86 (0.69, 1.10) 0.188 

≥70 0.66 (0.51, 0.85) 0.001 

Gender   

Female 0.85 (0.70, 1.04) 0.120 

Male 0.91 (0.77, 1.07) 0.257 

Surgical resection   

GTR 0.94 (0.75, 1.20) 0.618 

STR 0.85 (0.72, 1.01) 0.065 

Biopsy 0.99 (0.68, 1.43) 0.943 

Tumorfocality   

solitary 0.93 (0.82, 1.06) 0.300 

Multifocal (2 or more) 0.52 (0.33, 0.81) 0.004 

Radiotherapy   

48-60 Gy 0.84 (0.72, 0.97) 0.017 

30-40 Gy 0.52 (0.40, 0.67) <0.001 
Significant p-values highlighted in bold. Pre-Cancer Patient Pathway group used as reference. All patients 

included in the pre- and post-Cancer Patient Pathway groups. Gross total resection deemed by surgeon, but no 

available postoperative MRI. Abbreviations: OS, overall survival; CI, confidence interval; GTR, gross total 

resection 

 

 

Figure 9: Kaplan-Meier survival curve for GBM since time of diagnosis by pre-CPP and post-CPP. (P=0.060) 
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Figure 10: Kaplan-Meier survival curve for GBM by Age Group (≥70 years) Pre and Post-CPP (P = 0.001) 

 

Figure 11: Kaplan-Meier survival curve for GBM by hypofractionated RT (30-40Gy) Pre and Post-CPP. 

(P<0.001) 
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Figure 12: Kaplan-Meier survival curve for GBM by standard RT (48 - 60Gy) Pre and Post-CPP. (P=0.017) 

 

6.6 Impact of time to radiation start on survival 

 
This analysis encompassed all patients, including those diagnosed in the year 2015, resulting 

in a total sample size of 1215 individuals. The timing of RT initiation following surgery 

varied among these patients, with the majority (n=605, 49.8%) commencing RT within four 

weeks of their surgical procedures. Additionally, 37.5% of patients (n=456) initiated RT 

between 4.1 and 6 weeks post-surgery, while 12.7% (n=154) embarked on RT after a delay 

exceeding six weeks, as outlined in Table 7. 

The group that initiated RT within four weeks from surgery served as the reference, revealing 

the most extended median OS at 13.3 months. In comparison, the median OS was slightly 

reduced to 12.5 months in the 4.1-6 weeks group (HR 1.03, 95% CI 0.91-1.17; p=0.641), and 

further decreased to 12.2 months in the >6 weeks group (HR 1.09, 95% CI 0.91-1.30; 

p=0.359). Importantly, the statistical analysis did not identify a significant difference in 

survival outcomes among these timing groups (Table 7) 

 

 



[Type here] 
 

55 
 

Table 7: Timing of Radiotherapy After Surgery and Characteristic Distribution 

Characteristics ≤4weeks 4.1-6 weeks >6 weeks 

 N% Median 
OS 

N% Media
n OS 

Unadjusted analysis  
 

N% Media
n OS 

Unadjusted analysis 
 

     Hazard Ratio (HR) P-value   Hazard Ratio (HR) P-value 

Patients (1215) 605 (100) 13.3 455 (100) 12.5 1.03 (0.91, 1.17) 0.641 154 (100) 12.2 1.09 (0.91, 1.30) 0.359 

Gender           

Female 238(39.3) 13.0 196 (43.1) 13.8 0.87 (0.71, 1.06) 0.157 55 (64.3) 12.3 1.05 (0.78, 1.42) 0.357 

Male 367 (60.7) 13.5 259 (56.9) 11.8 1.21 (1.03, 1.42) 0.023 99 (64.3) 12.2 1.11 (0.89, 1.39) 0.751 

Age in years           

<60 270 (44.6) 15.7 179 (39.3) 15.6 0.94 (0.77, 1.14) 0.505 67 (43.5) 15.6 0.95 (0.72, 1.25) 0.699 

60-69 197 (32.6) 13.5 180 (39.6) 11.9 1.16 (0.94, 1.42) 0.158 48 (31.2) 12.2 1.20 (0.87, 1.65) 0.269 

≥70 138 (22.8) 10.0 96 (21.1) 8.8 0.97 (0.75, 1.27) 0.837 39 (25.3) 7.3 1.36 (0.95, 1.94) 0.094 

Surgical 
resection 

          

GTR 184 (30.4) 17.5 144 (31.7) 16.3 1.03 (0.82, 1.29) 0.826 30 (19.5) 13.0 1.24 (0.83, 1.85) 0.301 

STR 347 (57.4) 12.8 265 (58.2) 11.5 1.10 (0.94, 1.30) 0.236 114(74.0) 12.3 1.06 (0.86, 1.31) 0.597 

Biopsy 74 (12.2) 8.0 46 (10.1) 7.2 0.83 (0.57, 1.21) 0.337 10 (6.5) 7.2 0.64 (0.31, 1.29) 0.211 

Tumor focality           

Solitary 545 (90.1) 13.9 413 (90.8) 13.1 1.04 (0.91, 1.18) 0.582 145(94.2) 12.7 1.08 (0.90, 1.30) 0.403 

Multifocal 60 (9.9) 9.1 42 (9.2) 9.4 0.99 (0.66, 1.49) 0.960 9 (5.8) 9.8 1.54 (0.76, 3.15) 0.234 

Radiotherapy           

48-60 Gy 470 (77.7) 15.1 369 (81.1) 13.8 1.07 (0.93, 1.23) 0.360 123(79.9) 14.0 1.10 (0.90, 1.35) 0.337 

30-40 Gy 135 (22.3) 7.3 86 (18.9) 6.8 1.00 (0.76, 1.31) 0.988 31 (20.1) 6.5 1.16 (0.78, 1.73) 0.454 

CPP           

Pre-CPP 285 (47.1) 12.4 303 (66.4) 12.1 1.02 (0.87, 1.20) 0.816 139(90.3) 12.7 1.00 (0.82, 1.23) 0.973 

Post-CPP 258 (42.6) 14.3 126 (27.6) 13.3 1.01 (0.81, 1.26) 0.927 13 (8.4) 7.5 1.27 (0.71, 2.26) 0.426 

Radiotherapy starts within 4 weeks used as reference. All patients from 2006 till 2019 are included. Gross total 

resection deemed by surgeon, but no available postoperative MRI. Abbreviations: GTR, gross total resection; 

STR, subtotal resection; Gy, gray; CPP, cancer patient pathway.  
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7 Discussion 
 

Efforts to improve the prognosis of patients with GBM have been extensive. Improving 

survival and quality of life for GBM patients depends on using the best available treatment 

methods. The matter of the timing of RT initiation and its implications for GBM patient 

survival has been a longstanding subject of debate, with numerous published studies 

addressing survival outcomes in relation to RT timing. Over the last few decades, the 

implementation of comprehensive treatment strategies, including surgery, RT, and 

chemotherapy, has effectively prolonged the survival of GBM patients, with median survival 

of approximately 15 months (66). 

In the context of this study, our primary objective was to investigate the influence of a 

dedicated CPP on the timing of RT and the OS of GBM patients. However, we concurrently 

investigated the significance of the timing of RT for the entire patient cohort. This 

exploration aimed to elucidate the role of RT timing within the standardized treatment 

regimen for individuals with GBM. 

In this study, a central finding is that the introduction of CPP for GBM did not impact 

survival in unadjusted analysis (p=0.060), however, in adjusted analysis it was highly 

significant (p<0.001). Whereas, coming to the timing of RT between pre- and post-CPP there 

is no significant alterations in RT. However, 65% of patients receiving the RT within 4 weeks 

in post-CPP compared to 39% in pre-CPP and this difference was significant (p<0.001). 

This study has several strengths. This retrospective cohort study includes extensive data 

spanning from 2006 to 2019, encompassing a diverse patient population. The careful 

inclusion of GBM patients minimizes the potential for selection bias such as sampling bias 

(specific subgroups are overrepresented), healthy volunteer bias (long-term survivors are 

included in the study, it may not account for patients with poor outcomes), thereby enhancing 

the trustworthiness of the study's findings. Another strength of this study is the Norwegian 

patients have been treated uniformly since TMZ was introduced.  

 

This study exhibits a number of constraints that merit attention. This is typical in 

retrospective studies, there exists the possibility of patient selection bias. Nevertheless, this 

bias is likely of minimal concern given the study's inclusion of a large, comprehensive, and 

consecutive patient cohort. Particularly, we lack specific information regarding the proportion 

of patients who were enrolled in the CPP. All patients diagnosed after the CPP 
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implementation are classified in the post-CPP group, regardless of their inclusion in the CPP. 

However, it is important to highlight that a significantly higher percentage of patients 

received RT within four weeks of surgery after the CPP implementation. Additionally, the 

introduction of CPP may have potentially advanced the timing of diagnosis, introducing a 

lead-time bias (67). Another limitation is the lack of information regarding IDH and MGMT 

status; however, in this extensive dataset, this limitation may not be particularly relevant. 

Similarly, the inclusion of patients with a now-past diagnosis of IDH-mutated GBM is not 

applicable, as no such patients were included from 2020 onwards (21). The study's limited 

knowledge of concomitant and adjuvant TMZ use represents another constraint. 

 

The impact of the time interval between surgery and the commencement of RT has been a 

topic of investigation in numerous retrospective studies of GBM patients. In this study, we 

conducted a comparative analysis between the pre-CPP and post-CPP groups to evaluate the 

influence of the timing of RT following surgery on patient survival. In unadjusted analysis 

the implementation of CPP did not result in a significant impact on survival outcomes (HR 

0.88, 95% CI 0.78-1.00; p=0.060). However, adjusted for patient, tumor, and treatment 

factors, the CPP implementation had a highly significant impact on survival (HR 0.74, 95% 

CI 0.65-0.85; p<0.001).  

The analysis of age differences between the pre-CPP and post-CPP periods reveals notable 

variations. Elderly patients, aged over 70 years, experienced significantly improved OS in the 

post-CPP period, with a median OS of 11 months, compared to 8.2 months in the pre-CPP era 

(p=0.001). Similarly, patients with multifocal tumors exhibited a significant survival 

advantage in the post-CPP period, with a median OS of 12.1 months, compared to 8.6 months 

in the pre-CPP phase (p=0.004). Furthermore, patients who received standard RT and 

hypofractionated RT demonstrated significant better OS post-CPP period (p=0.017 and 

p<0.001, respectively). It is worth noting, however, that while the data suggests an impact of 

CPP on survival, possible confounders can be lead-time bias (67,68) and a potentially more 

aggressive treatment approach in elderly patients. The latter aspect especially relevant in light 

of a 2017 study indicating that the addition of TMZ to short-course RT resulted in extended 

survival compared to short-course RT alone (42). 

 

In this study, we observed no significant differences in survival among the groups 

commencing RT within ≤4 weeks, 4.1-6 weeks, or >6 weeks post-surgery. Previous reports, 
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such as Valduvieco et al. (47), Viet Do et al. (48), have suggested that an early initiation of 

RT is associated with improved outcomes, while others have proposed that a desire to 

expedite the treatment for patients with unfavorable prognostic factors may introduce bias. 

On the other hand, reports have indicated that delaying RT after surgery could lead to better 

outcomes, as seen in S.J Han et al. (49). However, delaying RT, even for patients with 

favorable prognostic factors, may also introduce bias in favor of those receiving delayed RT. 

Several prior studies have yielded results consistent with our findings. For instance, 

Blumenthal et al. (51) analyzed the RTOG database and reported on 1395 patients, finding no 

significant difference in OS when RT was administered within <4 weeks, 4.1-6 weeks, or >6 

weeks (51). Similarly, Magrowski et al. (69) conducted a retrospective analysis of 346 GBM 

patients who underwent surgical treatment and received RT with concomitant TMZ (69). The 

regression analysis in the latter study showed that the time interval had not statistically 

impact on OS.  

In this study the adjusted analysis for CPP showed a significant impact on OS (p<0.001). 

However, this impact may not be the result of timing of RT. The analysis indicates that the 

RT≤ 4 weeks does not provide a survival benefit compared to a more delayed RT initiation 

Table 7. This indicates that the improved survival may not be related to RT at all. A possible 

explanation for the significant better outcome after CPP implementation in adjusted analysis 

can be a more aggressive treatment approach in elderly patients, since the fraction of patients 

70 years or older increased from 19.4% in the pre-CPP era to 28.7% in the post-CPP era. In 

addition, a higher fraction of patients received hypofractionated RT post-CPP compared to 

pre-CPP (30.0% versus 16%).  

this analysis supports existing literature suggesting that the timing of RT, within the studied 

timespan, may not be a critical factor in determining survival outcomes. The comparison of 

RT timing before and after CPP implementation, as well as for the entire cohort, contributes 

to the broader understanding of the multifaceted factors influencing GBM treatment 

outcomes. 

 

The analysis showed that over the period from 2016 to 2019, the waiting time for RT 

following GBM surgery marginally decreased to 27 days. However, when contrasted with the 

pre-CPP era, specifically the period from 2006 to 2014, during which the waiting period was 

31 days, this change did not attain statistical significance. Notably, an examination of the data 

across three distinct periods (≤4 weeks, 4.1-6 weeks, and >6 weeks) both before and after 
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CPP implementation revealed significant differences. Following the introduction of CPP, a 

considerably higher proportion of patients initiated RT within four weeks post-surgery 

compared to the pre-CPP period (65.0% versus 39.0%, respectively; p<0.001). On the other 

hand, substantial differences were also noted in the timing of RT initiation between the pre-

CPP and post-CPP periods, for intervals of 4.1-6 weeks and more than six weeks post-surgery 

(p<0.001 and p<0.001, respectively). This observed increase in patients receiving RT within 

four weeks post-surgery may be considered a favorable impact of the implementation of CPP 

guidelines.  

 

While the introduction of the CPP lead to a noteworthy improvement in the proportion of 

patients receiving RT within four weeks of surgery (Table 2 and 4). Norway initiated CPPs in 

2015, establishing standardized patient pathways aligned with the national guidelines for 

cancer diagnosis and treatment. The primary objective of CPPs is to expedite patient 

assessments and treatment initiation, thereby reducing waiting times and ensuring equal 

access to the publicly reimbursed national healthcare system for all citizens, regardless of 

patient characteristics, tumor type, geographic location, or socioeconomic status (70). The 

results demonstrate that CPP implementation led to a noteworthy improvement in the 

proportion of patients receiving RT within four weeks of surgery, highlighting the positive 

impact of standardizing patient pathways. 
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8 Conclusion 
 

In conclusion, we found that survival was increased after the introduction of the CPP when 

adjusted for patient, tumor, and treatment factors. In addition, the implementation of CPP did 

lead to a noteworthy improvement in the proportion of patients receiving RT within four 

weeks of surgery. The post-CPP group exhibited a significant increase in the number of 

patients receiving RT within 4 weeks after surgery compared to the pre-CPP period. 

However, patients who started RT ≤4 weeks after surgery did not experience a survival 

benefit compared to those with a more delayed RT initiation.  
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10.2 PVO from OUH 
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10.3 PVO from Innlandet 
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10.4 PVO from Sørlandet 
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10.5 Data and Materials 

 
Table 8: Table of 16 risk factors by NBHS 2010 report 

 

 
This table is from NBHS of 2010 report. In this table they mentioned 16 risk factors for bad outcomes of cancer 

in Norway. 
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Figure 13: Kaplan-Meier survival curve for GBM by timing of RT (≤4 weeks) Pre and Post-CPP (P >0.05) 

 

 

Figure 14: Kaplan-Meier survival curve for GBM by timing of RT (4.1-6 weeks) Pre and Post-CPP (P >0.05) 
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Figure 15: Kaplan-Meier survival curve for GBM by timing of RT (>6 weeks) Pre and Post-CPP (P >0.05) 

 

  

Figure 16: Kaplan-Meier survival curve for GBM by age group (<60 years) Pre and Post-CPP (P >0.05) 
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Figure 17: Kaplan-Meier survival curve for GBM by age group (60-69 years) Pre and Post-CPP (P >0.05) 

 
 

Figure 18: Kaplan-Meier survival curve for GBM by gender (Male) Pre and Post-CPP (P >0.05) 
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Figure 19: Kaplan-Meier survival curve for GBM by gender (Female) Pre and Post-CPP (P >0.05) 

 

 
 

Figure 20: Kaplan-Meier survival curve for GBM by surgery (STR) Pre and Post-CPP (P >0.05) 
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Figure 21: Kaplan-Meier survival curve for GBM by surgery (GTR) Pre and Post-CPP (P >0.05) 

 

 
 

Figure 22: Kaplan-Meier survival curve for GBM by surgery (Biopsy) Pre and Post-CPP (P >0.05) 
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