
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Diabetes Mellitus as a negative prognostic factor 

in patients with brain metastases treated with radiotherapy 

 

 

Dissertation 

Zur Erlangung des akademischen Grades 

Dr. med. 

an der Medizinischen Fakultät 

der Universität Leipzig 

 

 

 

eingereicht von: Seong Jeong 

geboren am: 05. 09. 1991 in Jeju, Südkorea 

angefertigt am:  Universitätsklinikum Leipzig  

 in der Klinik und Poliklinik für Strahlentherapie 

Betreuer: PD. Dr. med. C. Seidel 

 Prof. Dr. Dr. N. H. Nicolay 

 

Beschluss über die Verleihung des Doktorgrades vom: 

 

27.01.2026



1 
 

Contents 

Introduction ............................................................................................................................................. 2 

1. Overview of Brain Metastases......................................................................................................... 2 

1.1 Brain Metastases in Oncology ................................................................................................... 2 

1.1.1 Clinical Presentation of Brain Metastases .......................................................................... 2 

1.1.2 Diagnostic Approaches for Brain Metastases..................................................................... 3 

1.1.3 Prognosis of Patients with Brain Metastases ..................................................................... 4 

1.1.4 Impact of Treatment Modalities on Survival ...................................................................... 4 

1.2 Pathophysiology of Brain Metastases ....................................................................................... 4 

1.3 Prognostic Factors ..................................................................................................................... 5 

1.3.1 Prognostic Assessment ....................................................................................................... 5 

1.3.2 Prognostic role of Comorbidities ........................................................................................ 6 

1.4 Treatment of Brain metastases ................................................................................................. 7 

1.4.1 Surgery ................................................................................................................................ 7 

1.4.2 Radiotherapy ...................................................................................................................... 8 

1.4.2.1 Whole brain radiation therapy (WBRT) ....................................................................... 8 

1.4.2.2 Stereotactic Radiotherapy (SRT) ................................................................................. 9 

1.4.3 Systemic therapy ................................................................................................................ 9 

2. Overview of Diabetes mellitus ...................................................................................................... 10 

2.1 Common risk factors for cancer and T2DM............................................................................. 11 

2.2 Link between Diabetes and Cancer ......................................................................................... 11 

2.2.1 Impact of Hyperinsulinemia ............................................................................................. 12 

2.2.2 Impact of Hyperglycemia on the Tumor Microenvironment and Metastases ................. 12 

2.2.3 Chronic inflammation and oxidative stress ...................................................................... 13 

3. Diabetes Mellitus in Patients with Brain tumors ........................................................................... 13 

Publication ............................................................................................................................................. 15 

Summary ............................................................................................................................................... 31 

References ............................................................................................................................................. 34 

Letter of thanks ..................................................................................................................................... 42 

Appendix A: Declaration of Contribution .............................................................................................. 43 

Appendix B: Statement of Authorship .................................................................................................. 45 

Appendix C: Curriculum Vitae ............................................................................................................... 46 

 



2 
 

Introduction 

1. Overview of Brain Metastases 

1.1 Brain Metastases in Oncology 

Brain metastases (BM) are a widely observed and frequently severe complication in oncology. They 

contribute significantly to the morbidity and mortality rates among cancer patients. The incidence of 

BM is higher than the incidence of primary brain tumors (Neuro-Oncology Part II 2012; Tabouret et al. 

2012), with approximately 20-40% of adult cancer patients developing BM during the course of their 

illness (Barnholtz-Sloan et al. 2004). Studies using data from the SEER (Surveillance, Epidemiology, and 

End Results) Program have shown a growing incidence of BM due to advances in diagnostic 

technologies and more effective treatments for primary tumors (Cagney et al. 2017; Christiaans et al. 

2002).  

 

1.1.1 Clinical Presentation of Brain Metastases 

About 20-40% of patients with BM first appear to have focal neurological symptoms, such as motor 

deficits or sensory impairments (Metastatic Disease of the Nervous System 2018). These symptoms 

vary depending on the location of the lesions, size, and number of metastatic tumors. Common 

symptoms include headaches, visual disturbances, weakness, seizures, ataxia, and changes in speech, 

all of which have a serious impact on quality of life (Ribeiro et al. 2023). 

The supratentorial brain and the cerebellum are the most common locations of BM. Figure 1 provides 

a comprehensive illustration of the clinical symptoms associated with BM at different brain locations. 

The image has been adapted and modified from Cacho-Díaz et al. (2019) to emphasize the most 

relevant symptoms for each brain region. The adapted illustration visually enhance the correlation 

between the anatomical location of BM and the resulting clinical symptoms. (Cacho-Díaz et al. 2019).  
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Figure 1. Clinical symptoms according to localization of brain metastases (BM). Adapted from Cacho-

Díaz, Bernardo; Lorenzana-Mendoza, Nydia A.; Chávez-Hernandez, J. Danaé; González-Aguilar, 

Alberto; Reyes-Soto, Gervith; Herrera-Gómez, Ángel (2019): Clinical manifestations and location of 

brain metastases as prognostic markers. In: Current problems in cancer 43 (4), S. 312–323. DOI: 

10.1016/j.currproblcancer.2018.06.002. 

 

 

1.1.2 Diagnostic Approaches for Brain Metastases 

A comprehensive clinical assessment and a variety of imaging techniques are necessary for the 

diagnosis of BM. These include computed tomography (CT), magnetic resonance imaging (MRI), and 

positron emission tomography (PET) (Bhattacharya et al. 2024).  

However, current imaging modalities have limitations, particularly in the detection of small metastatic  

lesions or in the difficult differentiation of  tumor tissue with other concurrent conditions, such as 

inflammation or edema (Werner et al. 2020).  
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1.1.3 Prognosis of Patients with Brain Metastases 

BM-diagnosed patients usually have a poor prognosis. Despite advances in surgical techniques, 

radiation therapy, chemotherapy, and targeted therapy, the median survival for BM patients is often 

limited to a range of 2 to 14 months (Cagney et al. 2017). The most frequent primary tumors that 

spread to the brain are lung cancer, melanoma, breast cancer, and renal cancer (Posner 1996; 

Schouten et al. 2002; Gavrilovic und Posner 2005).  

 

1.1.4 Impact of Treatment Modalities on Survival 

The type of treatment has a significant impact on survival rates. From older analyses, the median 

survival for patients undergoing only steroid treatment was only 1.3 months while the median survival 

for patients treated with neurosurgery and radiotherapy was 8.9 months (Lagerwaard et al. 1999).  

For systemic treatment, a significant challenge in BM management is the blood-brain barrier (BBB), 

which impedes the effective delivery of many therapeutic agents to the brain. Furthermore, the 

diversity of BM resulting from various original tumor types complicates the treatment approaches and 

negatively impacts overall prognosis, and presents a challenge to the development of effective 

treatment approaches (Wrobel und Toborek 2016). 

Management of BM requires a multidisciplinary approach. Treatment decisions need to be based on 

the number, size, and location of the metastases, as well as the neurological and physical condition of 

the patient. Comorbidities, the potential life expectancy, and the patient preferences play an 

important role. Tumor biology, including molecular targets, extracranial tumor burden, and the 

availability of CNS-targeting therapies must also be considered (Ramos et al. 2022). 

 

1.2 Pathophysiology of Brain Metastases 

Most research focuses on identifying the mechanisms and pathophysiology of BM, which are crucial 

to the development of more effective treatment methods. The "seed and soil" theory explains the 

development of metastases. The ability of cancer cells (the "seeds") to form metastatic tumors is 

influenced not only by the properties of the cancer cells but also by the environmental characteristics 

of the invaded environment (the "soil") (Paget 1889). The brain microenvironment, or “soil,” provides 
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a unique milieu that facilitates tumor growth and survival. This milieu includes  conditions such as 

immunological evasion and hypoxia (Fidler 2015). 

The central nervous system (CNS) has a unique environment due to the presence of the BBB. This 

selective barrier, formed primarily by tightly interconnected endothelial cells and supported by 

astrocytes and pericytes, is critical for maintaining a stable environment in the brain. However, it limits 

the efficacy of many systemic treatments (Daneman und Prat 2015). 

BM develop through the hematogenous spread of cells from a primary tumor to the brain 

microvasculature. This process begins with the formation of a "premetastatic niche" influenced by 

cytokines, chemokines, and VEGF released from primary tumors and circulating tumor cells. These 

alterations increased the permeability of the BBB by activating matrix metalloproteinases (Kaplan et 

al. 2005). Tumor cells invade surrounding tissues, undergo intravasation into blood vessels, circulate, 

and then extravasate into the brain. They tend to settle at junctions of gray and white matter, 

benefiting from prolonged blood flow transit times that aid in overcoming the BBB. Successful 

macrometastasis formation involves initial arrest, early extravasation, sustained perivascular 

positioning, and subsequent angiogenesis or vascular co-option (Kienast et al. 2010) (Achrol et al. 

2019).  

Vessel co-option is a non-angiogenic process. Tumor expansion occurs through the utilization of pre-

existing vessels, rather than induction of new blood vessel growth (angiogenesis) (Leenders et al. 

2002). This process not only facilitates tumor growth but also contributes to resistance against anti-

angiogenic therapies that target new vessel growth (Donnem et al. 2013).  

BM may differ in their vascular adaptation depending on their locations. In one study, supratentorial 

BM are more reliant on VEGF-A-mediated mechanisms of angiogenesis than infratentorial BM 

(Schneider et al. 2018). 

 

1.3 Prognostic Factors 

1.3.1 Prognostic Assessment 

Estimating survival in patients with BM is difficult due to the variety of treatments and the nature of 

BMs. Several indices help estimate the prognosis of patients with BM, including the RTOG recursive 

partitioning analysis (RPA), the score index for radiosurgery (SIR), the graded prognostic assessment 

(GPA), diagnosis-specific graded prognostic assessment (ds-GPA) and the basic score for brain 
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metastases (BSBM) (Gaspar et al. 1997), (Weltman et al. 2000) (Serizawa et al. 2014) (Sperduto et al. 

2008b), (Ribeiro et al. 2023). 

Among the prognostic indices, the RTOG-RPA was originally created for patients treated with whole 

brain radiation therapy (WBRT).  In contrast, the SIR and the BSBM were designed for those undergoing 

stereotactic radiosurgery. The GPA and the ds-GPA were developed using data from patients receiving 

various treatments (surgery, WBRT or SRS) (Stankiewicz et al. 2021).  

Despite their clinical utility, current prognostic tools primarily focus on factors directly related to the 

tumor and treatment. Notably, these tools do not account for the influence of comorbid conditions. 

 

1.3.2 Prognostic role of Comorbidities 

Comorbidities are widely recognized as increasing mortality risk among cancer patients (Søgaard et al. 

2013). It appears reasonable to hypothesize that comorbidities may also impact the prognosis of BM. 

Comorbid conditions can lead to delayed diagnosis, accelerated disease progression, or reduced 

likelihood of receiving standard treatments, all of which may adversely affect outcomes (Søgaard et al. 

2013). For instance, a meta-analysis of colorectal cancer (CRC) patients showed a poorer prognosis 

among those with comorbid conditions, regardless of whether these were diagnosed before or after 

CRC (Boakye et al. 2018).  

In particular, vascular-related comorbidities can exert a significant influence the prognosis of BM, both 

directly and indirectly affecting the outcomes. BM depends heavily on the cerebral blood vessels within 

their microenvironment, which can alter the cerebral vasculature, including changes in blood flow or 

vessel integrity. These factors have the potential to modulate the growth and progression of BM. Such 

vascular alterations may also impact the efficacy of therapeutic modalities such as radiotherapy, which 

require adequate perfusion and oxygenation to achieve optimal outcomes (Chen et al. 2017; Sørensen 

und Horsman 2020; Corroyer-Dulmont et al. 2021). 

In addition to the specific vascular effects, cancer patients often experience general cerebrovascular 

comorbidities such as DM, smoking, arterial hypertension, peripheral arterial occlusive disease (PAOD), 

and hypercholesterolemia. Potentially, these conditions may have an adverse effect on the progression 

of malignant diseases, increase underlying vascular abnormalities and interact with treatment efficacy.  
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Arterial hypertension is more prevalent among cancer patients and survivors than in the general 

population. It is linked to an elevated risk of cardiovascular complications during treatment, and may 

contribute to an increased mortality rate (Armstrong et al. 2013; Cohen et al. 2019). 

DM may have a potential impact on BM prognosis. In a monocentric retrospective study, diabetic BM 

patients who underwent stereotactic radiosurgery (SRS) had a median overall survival (OS) of 6.0 

months, in comparison to a median OS of 9.3 months observed in non-diabetic patients (LeCompte et 

al., 2018). 

Likewise, smoking may negatively affect survival outcomes in patients with BM. A retrospective 

monocentric study of n=461 non-small cell lung cancer (NSCLC) patients with BM indicated that 

smokers had shorter progression-free survival (PFS) and OS compared to non-smokers (Zhang et al. 

2024).  

Hypercholesterolemia may also influence cancer outcomes. In a large meta-analysis of breast cancer 

patients, cholesterol-lowering medications were linked to reduced cancer mortality, suggesting a 

possible benefit of managing this condition in cancer patients (Jaiswal et al. 2023).  

Besides the results of these few studies, the prognostic role of comorbidities for prognosis in BM is 

largely undefined.  

 

1.4 Treatment of Brain metastases 

1.4.1 Surgery 

Surgical resection is recommended for patients with BM when the estimated survival period is more 

than three months (Hatiboglu et al. 2020). This recommendation is particularly relevant for patients 

with a limited number of metastases (1–3 lesions), tumor sizes exceeding 3 cm, significant mass effect, 

or location in the posterior fossa with associated hydrocephalus (Carapella et al. 2018). Surgical 

intervention is especially effective in relieving pressure on surrounding brain structures and resolving 

cerebrospinal fluid (CSF) flow obstruction caused by the tumor, leading to rapid symptomatic relief. 

Moreover, surgery is often necessary for diagnostic purposes, particularly when the primary tumor 

remains unclear, or when histological confirmation is required (Vogelbaum und Suh 2006; Lim et al. 

2004).  
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Historically, in the initial trial on resection of BM by Patchell et al., resection achieved a longer median 

survival period of 40 weeks, whereas patients who underwent WBRT alone showed a median survival 

of only 15 weeks. Moreover, the surgical group demonstrated improved quality of life and neurological 

function, with a higher likelihood of maintaining or regaining functional independence (Patchell et al. 

1990). 

In further studies e.g. a retrospective study by Schödel et al. 2013, surgical resection showed a positive 

impact on reducing neurological deficits, intracranial pressure, and hemiparesis in patients with BM. 

In a study referring to RPA classes patients in RPA class 1  had a favorable prognosis, with a median 

survival of 21.4 months (Tendulkar et al. 2006). Exemplary and tumor specifically, another 

retrospective study analyzed the outcome of 296 patients with NSCLC and BM comparing outcomes 

between those who underwent brain surgery and those who did not. The brain surgery group had a 

significantly better prognosis, with a median survival time of 40.3 months. In contrast, the non-surgery 

group had a much shorter median survival of 8.4 months (Yen et al. 2021) 

Multiple lesions in patients with BM often complicate treatment approaches. Schödel and Colleagues 

evaluated 750 patients including patients with multiple BM (39% of cases) (Schödel et al. 2020). In this 

groups surgical resection led to a significant improvement in the functional status of patients, thereby 

enhancing the likelihood of receiving adjuvant treatment (Schödel et al. 2020). 

 

1.4.2 Radiotherapy 

RT is a common treatment for patients with or without resection of BM. A number of studies have 

shown that local recurrence is more frequent in patients who have undergone surgery alone than in 

those who have undergone surgery with RT (Buszek et al. 2023).  

 

1.4.2.1 Whole brain radiation therapy (WBRT) 

WBRT was typically used as the primary treatment modality for patients with multiple metastases 

(Chao et al. 1954). WBRT is also used in palliative care to reduce symptoms such as headaches, seizures, 

or neurological deficits caused by brain lesions. The usual course of treatment is 30 Gy delivered in 10 

fractions over the course of 2 weeks (Rades et al. 2010).  
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WBRT commonly causes temporary side effects like alopecia, mild dermatitis, mild fatigue and 

occasionally otitis media or externa. Furthermore, some patients experience sequential impaired 

cognitive functioning (Brown et al. 2018).  

 

1.4.2.2 Stereotactic Radiotherapy (SRT) 

SRT is becoming increasingly popular as a treatment option for BM. SRT uses a three-dimensional 

coordinate system to deliver precisely focused radiation beams to small, well-defined brain targets, 

minimizing the risk of damage to surrounding healthy tissue and reducing side effects (Perlow et al. 

2020). SRT is typically recommended for patients with up to 10 BM (Peña-Pino und Chen 2023).  

The European Association of Neuro-Oncology (EANO) guidelines from 2021 recommend SRT as a 

primary treatment for patients with a limited number of BM (1-4 lesions). SRT is also considered an 

option for patients with a higher number of metastases (5-10 lesions). Additionally, SRT to the surgical 

cavity is strongly recommended following complete or incomplete resection of BM to improve local 

control (Le Rhun et al. 2021). According to the NCCN Guidelines, the recommended marginal doses for 

single-fraction SRT range from 15 to 24 Gy, depending on the size of the tumor. For larger tumors, 

multi-fraction SRT is suggested as an alternative, with commonly used regimens including 27 Gy 

delivered in 3 fractions or 30 Gy in 5 fractions (Nabors et al. 2020). The maximum tolerated doses of 

SRT vary based on tumor size, as established by the Radiation Therapy Oncology Group (RTOG) (Shaw 

et al. 2000).  

 

1.4.3 Systemic therapy 

Treatment landscape of systemic treatment for BM has significantly changed within the last decade. 

Traditional cytotoxic chemotherapy resulted in low response rates, limiting its role in the management 

of BM (Fortin 2012). With molecular advances, systemic therapies significantly improved in the 

treatment of BM. In patients with asymptomatic BM, a systemic treatment for BM should be 

considered if intracranial active systemic treatment is available, according to the current European 

Association of Neuro-oncology (EANO) guidelines for BM (Le Rhun et al. 2021). 

The EANO guidelines recommend that systemic pharmacotherapy should be based on the histological 

and molecular characteristics of the primary tumor and previous treatments. Molecular genetic 
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analysis of BM rather than the primary tumor is recommended to optimise the selection of targeted 

therapies (Le Rhun et al. 2021). 

Recently, several modern trials on targeted and immune-modulating therapies in the treatment of 

NSCLC, Melanoma, Breast Cancer have demonstrated notable intracranial efficacies, particularly in 

patients with asymptomatic neurological disease (Steindl und Berghoff 2021). 

Further, the combination of SRT with several systemic treatment demonstrated enhanced clinical 

efficacy in comparison to monotherapy with SRT or e.g. immunotherapy alone (Kotecha et al. 2018). 

 

 

2. Overview of Diabetes mellitus 

DM is a group of metabolic disorders characterized by persistent hyperglycemia, or elevated blood 

glucose levels (Harreiter und Roden 2023). Several pathophysiological mechanisms contribute to DM, 

including reduced insulin sensitivity, insulin deficiency, or autoimmune destruction of pancreatic beta 

cells (Diagnosis and Classification of Diabetes Mellitus 2014). DM is categorized into several clinical 

types, such as type 1 and type 2 DM, gestational diabetes mellitus (GDM), and other specific forms 

caused by genetic factors, exocrine pancreatic disorders, or medications (Diagnosis and Classification 

of Diabetes Mellitus 2014). 

The most common form is type 2 diabetes, affecting 6.28% of the global population. It is predicted that 

the prevalence of diabetes will increase to 7,862 cases per 100,000 by 2040 (Khan et al. 2020). In 

Germany, the Robert Koch Institute (RKI) estimates the lifetime prevalence of diabetes among adults 

aged 18-79 at 7.2%, with a slightly higher rate in women (7.4%) compared to men (7.0%) (Scheidt-Nave 

und Icks 2019). 

The characteristic symptoms of DM include hyperglycemia, polyuria, polydipsia and weight loss. Many 

different organ systems can be affected by diabetes and it can lead to serious complications, including 

neuropathy, nephropathy, retinopathy, cardiovascular disease, stroke, and peripheral vascular disease 

(Deshpande et al. 2008). Furthermore, numerous studies have shown an association between diabetes 

and cancer, highlighting not only increased  risk of cancer development but also higher cancer mortality 

rates (Zhu und Qu 2022). A 2016 meta-analysis by Zhu, showed that lung cancer patients with pre-

existing diabetes exhibit significantly worse OS compared to non-diabetic patients (Zhu et al. 2016). 
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Similarly, diabetes negatively impacted breast cancer prognosis. Meta-analytic models, incorporating 

data from 15 and 6 studies respectively, reveal that diabetes patients with breast cancer are associated 

with poorer OS (HR 1.51; 95% CI 1.34–1.70) and disease-free survival (DFS) (HR 1.28; 95% CI 1.09–1.50) 

(Zhao und Ren 2016). A retrospective cohort study assessed the long-term prognostic impact of DM 

on patients undergoing gastrectomy for advanced gastric cancer. The results indicated that patients in 

the DM group had significantly worse OS compared to the non-DM group (p=0.037) (Matsui et al. 

2022).  

 

2.1 Common risk factors for cancer and T2DM 

Both non-modifiable risk factors, such as age, sex, and ethnicity, and modifiable factors, such as 

obesity, diet, physical inactivity, alcohol consumption, and smoking, are associated with the 

development of cancer and type 2 diabetes mellitus (T2DM) (Giovannucci et al. 2010). With aging the 

incidence of both diseases increases. Men seem to have an increased age-adjusted risk of both 

diseases compared to women (Giovannucci et al. 2010). Recent studies have further elucidated how 

shared risk factors influence outcomes in patients with concurrent T2DM and cancer. For instance, a 

longitudinal retrospective cohort study conducted in Sweden between 1998-2019 investigated the 

excess mortality risk in individuals with T2DM diagnosed with cancer, examining the impact of 

modifiable diabetes-related factors. This study, which included over 690,000 individuals with T2DM, 

found that cancer, including breast, prostate, colorectal, and lung cancer significantly increased the 

all-cause mortality rate among these individuals three times higher compared to those without cancer. 

The study identified two significant modifiable risk factors—physical inactivity and smoking—as major 

contributors to elevated mortality rates within this demographic (Laurberg et al. 2024).  

 

2.2 Link between Diabetes and Cancer 

Diabetes is a common comorbidity in cancer patients, with an estimated 8-18% of cancer patients also 

diagnosed with diabetes (Nicolucci 2010). Increasing evidence suggests that diabetes may be a risk 

factor for certain malignancies, including pancreatic, liver, colon, breast, and endometrial cancers 

(Shahid et al. 2021). Furthermore, some epidemiological studies indicate that cancer patients with 

diabetes may have a higher risk of mortality compared to non-diabetic cancer patients. Key 
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mechanisms underlying the association between type 2 diabetes and cancer development include 

hyperinsulinemia, hyperglycemia, and chronic inflammation (Vigneri et al. 2009). 

 

2.2.1 Impact of Hyperinsulinemia  

Hyperinsulinemia is defined as chronic elevated levels of insulin in serum. Increased risk of cancer 

initiation and progression due to hyperinsulinemia may be caused by insulin’s mitogenic effects. High 

insulin levels can activate the related insulin-like growth factor-I (IGF-I) receptors, that have more 

potent mitogenic and transforming activity. Additionally, many cancer cells overexpress insulin 

receptors (IR), particularly the IR-A isoform, which primarily promotes mitogenic activity over 

metabolic effects. This binding of insulin to IR-A receptors may encourage tumor growth and 

potentially stimulate otherwise dormant tumors (Frasca et al. 1999; Vigneri et al. 2009; Szablewski 

2024). 

Preclinical studies further support the role of hyperinsulinemia in cancer progression. For example, 

one study demonstrated that hyperinsulinemia not only promoted primary tumor growth but also 

enhanced lung metastasis in a Her2-positive breast cancer mouse model (Ferguson et al. 2013). 

 

2.2.2 Impact of Hyperglycemia on the Tumor Microenvironment and Metastases 

The tumor microenvironment (TME) is crucial for tumor growth and metastasis, as it influences 

immune cell behavior. Hyperglycemia can modify immune cell function within the TME, suggesting 

that diabetes may correlate with poorer cancer prognosis due to hyperglycemia-induced alterations in 

immune dynamics. For example, elevated glucose levels are associated with increased circulating 

neutrophil counts, although without affecting their function (Nagareddy et al. 2013). 

This hypothesis was tested in a study using a combined mouse model of breast cancer and 

streptozotocin (STZ)-induced hyperglycemia. Results showed that hyperglycemia impaired neutrophil 

mobilization in tumor-bearing animals, likely due to decreased G-CSF levels. Interestingly, 

hyperglycemia did not impact neutrophil mobilization in tumor-free mice, indicating that bone marrow 

progenitors respond effectively to hyperglycemia only in the absence of tumors. Impaired neutrophil 

mobilization under hyperglycemic conditions was associated with an increased metastatic seeding 

(Fainsod-Levi et al. 2017).  
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Hyperglycemia may also promote tumor progression by inducing hypoxic conditions in the TME via 

upregulation of hypoxia-inducible factor-1 alpha (HIF-1α) (Li et al. 2018). 

 

2.2.3 Chronic inflammation and oxidative stress 

Altered glucose metabolism, often associated with insulin resistance and hyperglycemia, leads to 

elevated levels of reactive oxygen species (ROS) (Black 2024). An imbalance between reactive oxygen 

species (ROS) and antioxidants is the underlying cause of oxidative stress. The accumulation of ROS 

can result in the damage of DNA, proteins, and lipids, thereby fostering genetic mutations and genomic 

instability. This is a critical factor in cancer initiation. Additionally, ROS activate several inflammatory 

pathways, including NF-κB, AP-1, and HIF-1α, which upregulate genes involved in cell survival, 

proliferation, and angiogenesis, thereby further promoting tumor growth (Reuter et al. 2010). Recent 

studies indicated that the Polyol, Hexosamine, advanced glycation end-products (AGE), and PKC-NFκB 

pathways are triggered in hyperglycemic conditions, leading to oxidative stress and chronic 

inflammation (Black 2024). Chronic inflammation and ROS-mediated pathways represent a critical 

mechanistic link between T2DM and cancer (Black 2024; Reuter et al. 2010).  

 

 

3. Diabetes Mellitus in Patients with Brain tumors 

Research on the impact of DM on survival outcomes in patients with BM is limited compared to the 

more extensive studies focused on primary brain tumors. While it is well investigated that DM 

adversely affects survival in several cancers, the specific relationship between DM and BM prognosis 

is unclear and requires further investigation.  A systematic review suggests that hyperglycemia, rather 

than DM itself, is more consistently linked with poor prognosis in brain tumor patients (Barami et al. 

2017). 

One study specifically examined the effect of pre-existing T2DM on length of hospital stay and in-

hospital mortality in patients with brain tumors, including BM. The findings showed no statistically 

significant differences in these outcomes between patients with and without T2DM (Pantelidis et al. 

2019).  
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Multiple studies indicate that DM may contribute to higher cancer mortality across various primary 

tumors (Barone et al. 2008; Mills et al. 2013; Tobe et al. 2022). The impact of DM specifically on 

prognosis in BM patients remains uncertain, though it seems plausible that similar associations could 

exist. A single-institution retrospective study found that DM is a poor prognostic factor, increasing the 

risk of mortality and tumor progression in patients with metastatic colorectal cancer; however, this 

study did not specify whether the metastases involved the brain, leaving the direct connection 

between DM and BM prognosis unclear (Miranda Baleiras et al. 2023).   

Within few retrospective series, LeCompte et al. hypothesized DM as a poor prognostic indicator for 

BM patients (total n=498, n with diabetes=48) receiving radiotherapy. On multivariate analysis, DM 

was a significant negative predictor of OS (HR: 1.41, CI: 1.02–1.95, p = 0.04) (LeCompte et al. 2018). 

Similarly, a single-center retrospective study of 81 breast cancer patients with BM treated with 

stereotactic radiation therapy reported the prognostic impacts of obesity and DM. Diabetic patients 

had a shorter median OS (11.8 months vs. 26.2 months, p < 0.001) and intracranial PFS (4.5 months vs. 

10.3 months, p = 0.001) compared to non-diabetics. The results of the multivariate analysis indicated 

that both a BMI of 25 kg/m² or above [HR 2.35 (1.39–3.98); p = 0.002] and the presence of diabetes 

[HR 2.77 (1.454–5.274); p = 0.002] were independently associated with increased mortality (McCall et 

al. 2018). 

In light of a potential impact of DM on the prognosis of BM, effective management of DM appears 

potentially valuable for improving treatment outcomes in BM patients. A study utilizing a mouse model 

showed that PI3K inhibitors induce hyperglycemia and hyperinsulinemia in mice. In an orthotopic 

patient-derived glioblastoma (GBM) mouse model, anti-hyperglycemic treatment with metformin was 

able to decrease insulin feedback from PI3K inhibition and increased the anti-tumor effectiveness of 

PI3K inhibition (Noch et al. 2023). 

Aim of our large monocentric retrospective study was to identify the potential prognostic relevance of 

severe cardiovascular comorbidities with focus on DM in patients with BM of different tumor entities. 
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This Study, “Impact of Diabetes Mellitus on the Prognosis of Patients with Brain Metastases after 

Radiotherapy”, aimed to investigate the impact of DM on the survival and treatment outcomes of 

patients with BM. There have been several larger studies on the impact of diabetes on primary brain 

tumors but there is limited research on patients with BM. To fill this gap, this study investigated the 

impact of DM on the prognosis of patients with BM after radiation therapy.  

BM are a common complication in cancer patients, primarily in advanced cancers such as lung, breast, 

melanoma, and kidney cancer. Globally, approximately 20-40% of cancer patients experience BM 

during the course of their disease, which worsen the patient's neurological condition and significantly 

reduce survival rates. The prognosis of BM is generally poor, with the OS of patients ranging from 2 to 

14 months on average, depending on the treatment strategy and several prognostic factors like patient 

age, ECOG, number of metastasis and control of primary/systemic tumor. 
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Within this retrospective cohort study of patients with BM who received either stereotactic 

radiotherapy or whole-brain radiotherapy at a single institution, University of Leipzig Medical Center 

between 2004 and 2016 were analyzed. Collected clinical characteristics included age, primary tumor 

type, Karnofsky Performance Status (KPS), Number of BMs, and Presence of comorbidities: DM, arterial 

hypertension, smoking status, hypercholesterolemia, and peripheral arterial occlusive disease (PAOD). 

OS was the primary endpoint, measured from BM diagnosis until death. OS was analyzed using Kaplan–

Meier survival curves with log-rank tests. Univariate and multivariate Cox proportional regression 

models were used to identify prognostic factors for OS. The study provided a comprehensive 

evaluation of clinical and demographic factors influencing survival in BM patients treated with 

radiotherapy. 

The median OS for the entire cohort of BM patients was 6 months (95% CI: 4.49–7.40). The results of 

the study showed that BM patients with DM had a significantly lower OS compared to BM patients 

without DM. Patients with DM had a median survival of 4.7 months, compared to 6.7 months in those 

without DM (p = 0.003). In contrast, the differences in survival for the other comorbidities were not 

statistically significant: Arterial Hypertension: 6.0 months (with) vs. 6.1 months (without) (p = 0.443), 

Smoking: 6.1 months (with) vs. 5.7 months (without) (p = 0.307), PAOD: 4.2 months (with) vs. 6.0 

months (without) (p = 0.266), Hypercholesterolemia: 4.1 months (with) vs. 5.7 months (without) (p = 

0.157).  

A multivariate Cox-regression analysis was performed to evaluate the impact of established prognostic 

factors and of DM in this patient cohort. The analyzed factors included DM, age, KPS, and the number 

of BM. Among these, only DM and age ≥70 were independently associated with worse OS (p = 0.006 

and p = 0.008, respectively). To further investigate the role of DM in prognosis, subgroup analyses were 

conducted for the two most common primary cancers of this cohort: NSCLC and melanoma. In NSCLC 

patients, DM was associated with poorer survival in both univariate (p = 0.066) and multivariate 

analysis (p = 0.006). However, in melanoma patients, DM was not statistically significant in either 

univariate or multivariate Cox regression analysis (multivariate: HR 4.62 [0.49–44.04], p = 0.183).  

This study indicates that DM is an independent prognostic factor that has a significant negative impact 

on the treatment outcomes in patients with BM. Potentially improvements in the management of DM 

may play a role in increasing the survival time of BM patients undergoing radiation therapy. A central 

mechanism in the interplay between DM and malignant disease is the over-activation of the receptor 

for advanced glycation end-products (RAGE) (Rojas et al. 2011). This receptor serves as a critical 
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mediator, linking hyperglycemia-induced changes to tumor progression and treatment resistance. In 

particular, RAGE-activation not only maintains a pro-inflammatory microenvironment, but also 

contributes to radio resistance. Understanding of RAGE’s role in cancer biology may potentially 

enhance treatment efficacy (Monteiro et al. 2022). 

This study has several limitations due to its monocentric, retrospective design. A potential limitation 

of this study is that there may be hidden confounding factors that may have influenced the results. 

Even though a multivariate analysis controlled for many variables, it is recognized that not all potential 

influences could be taken into consideration.  

Several important questions require further investigation. First, a more precise evaluation of the 

possible correlation between serum glucose levels and survival time is necessary, further effect of 

antidiabetic treatments on the outcomes should be analyzed. Both questions are a current research 

topic of our group. In a cohort of patients with closely monitored serum glucose levels a negative 

prognostic effect of strong hyperglycemia was detected by Poudyal et al.. 67 patients with BM (16 with 

and 51 without DM) were included. Patients with a mean fasting glucose of more than 7.8 mmol/l 

(upper quartile) showed significantly shorter survival compared to patients of the lower three quartiles 

(p = 0.018). Further, maximum blood glucose levels of > 11.8 mmol/l (upper quartile) were associated 

with shorter survival (p = 0.031) (Poudyal et al., unpublished under review). Mechanistically, further 

research is needed to better understand the specific diabetes-related changes in BM that may have 

prognostic and therapeutic consequences. In interventional clinical studies of patients with BM 

knowledge of presence of DM as a confounder is recommended.  
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