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 Abstract in German 

Hintergrund: Alterung ist ein Prozess, der zu einem allmählichen Funktionsverlust auf Zell-, 

Gewebe- und Organebene führt. Altersbedingte Prozesse können durch vielfältige 

extrinsische und intrinsische Faktoren beschleunigt werden. Krebsgerichtete Therapien, 

einschließlich Strahlentherapie, können zur Aktivierung chronischer Entzündungsprozesse 

führen, was zu einer Verringerung der physiologischen Reserve und damit zu einem 

vorzeitigen Auftreten altersbedingter Symptome führt. Die Beurteilung der Manifestationen des 

Alterungsprozesses kann durch die Messung von Biomarkern des Alterns im Blut, die 

Beurteilung des Gesundheitszustands mit den Instrumenten des umfassenden geriatrischen 

Assessment sowie durch die Untersuchung zellulärer Seneszenz mit Hilfe der Messung von 

Telomerlängen erfolgen. Da es sich bei einem erheblichen Anteil der Krebspatienten um ältere 

Menschen handelt, erlangt die Untersuchung des Einflusses der Krebstherapie auf das Altern 

und die Beschleunigung von altersassoziierten Veränderungen in der Wissenschaft immer 

mehr Aufmerksamkeit. 

 

Methoden: In unsere prospektive Beobachtungsstudie wurden 314 Patienten, die an der 

Universitätsklinik für Strahlentherapie-Radioonkologie an der Medizinischen Universität Graz 

mit kurativer definitiver Strahlentherapie (RT) bei Prostatakrebs behandelt wurden, 

eingeschlossen und einer umfassenden Gesundheitszustandserfassung mit den Instrumenten 

der geriatrischen Assessments (GA) sowie der Bestimmung der Entzündungsparametern im 

Blut und der Bestimmung der Telomerlänge vor Behandlungsbeginn und in zwei 

Nachuntersuchungen 3 und 15 Monate nach Abschluss der Bestrahlung unterzogen. Am Ende 

der Bestrahlungsserie erfolgte eine zusätzliche Blutentnahme zur Bestimmung der 

altersassoziierten Biomarker. Die Veränderungen klinischer, biochemischer und molekularer 

Komponenten des Alterns wurden mit nichtparametrischen Tests ausgewertet. Darüber hinaus 

wurden Korrelationen zwischen den prätherapeutischen GA - Ergebnissen und Biomarkern 

untersucht. 

 

Ergebnisse: Während des Beobachtungszeitraums konnte eine signifikante 

Verschlechterung der sozialen Situation (p<0.001), des Stimmungszustandes (p<0.001), des 

Ernährungszustandes (p<0.001) und der Fähigkeiten in den instrumentellen Aktivitäten des 

täglichen Lebens (p=0.005) beobachtet werden. Die Fähigkeit, die grundlegenden Aktivitäten 

des täglichen Lebens auszuführen, und der Komorbiditätsstatus änderten sich vom 

Ausgangswert bis zur zweiten Nachuntersuchung nicht signifikant (p>0,05). 

Überraschenderweise konnte zwischen der Ausganssituation und einer der Kontrollen eine 

Verbesserung der kognitiven Funktion (p=0.004) und der Mobilität der Patienten beobachtet 

werden (p=0.032). Die Ergebnisse biochemischer Alterungsmarker zeigten einen signifikanten 

Anstieg von Fibrinogen (p<0.001), Neutrophilen-Lymphozyten-Ratio (p<0.001) und 

Thrombozyten-Lymphozyten-Radio (p<0.001) zwischen dem Ausgangswert und mindestens 

einer der durchgeführten Kontrollen. Die Ergebnisse der Albumin- und Cholesterinwerte 

deuten auf eine Verringerung der Stoffwechselreserve während des RT-Verlaufs (p<0.001) mit 

einer signifikanten Erholungsfähigkeit nach abgeschlossener Strahlentherapie (p<0.001) hin. 



Katarzyna Paal page 16 

Die Analyse der Telomerlängen ergab eine signifikante Verminderung der relativen 

Telomerenlänge 15 Monate nach Abschluss der Strahlentherapie im Vergleich zur 

Ausgangsituation (p=0.048) und Ende der Strahlentherapieserie (p=0.040).  

Darüber hinaus konnten signifikante Zusammenhänge zwischen den klinischen, 

biochemischen und molekularen Parametern des Alterns festgestellt werden. 

 

Schlussfolgerungen: Die in unserer Studienkohorte beobachteten Veränderungen deuten 

auf einen negativen Einfluss der kurativen Strahlentherapie auf die Mehrzahl der von uns 

gemessenen Gesundheitskomponenten hin. Die anhaltende Erhöhung der 

Entzündungsparameter und die erniedrigten Albumin- und Cholesterinspiegel in der längeren 

Beobachtung lassen darauf schließen, dass bereits eine Kleinfeld-RT einen chronischen 

Entzündungsprozess aktivieren kann. Die gemessene relative Telomerlänge impliziert, dass 

Strahlentherapie Alterungsvorgänge auf zellulärer Ebene beeinflusst. 

Darüber hinaus könnten Korrelationen, welche zwischen den klinischen und biochemischen 

altersbezogenen Parametern identifiziert wurden, in der klinischen Praxis zur Erkennung 

biologisch älterer Patienten und zur Entscheidungsfindung in der Krebstherapie genutzt 

werden. 
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 Abstract in English 

Background: Ageing is a process leading to a gradual loss of function on cell, tissue and 

organ level. Age-related processes can be accelerated by a wide range of extrinsic and intrinsic 

stimuli. Cancer-directed therapies, including radiation therapy, can lead to the activation of 

chronic inflammatory processes, leading to the shrinkage of physiologic reserve, and therefore 

to the premature onset of age-related signs and symptoms. The assessment of the 

manifestations of ageing process can be conducted by the measurement of biomarkers of 

ageing in the blood, evaluations of the health status with the tools of comprehensive geriatric 

assessment as well as with the estimation of cellular senescence by the means of 

measurement of the telomere erosion on the chromosomes.  Since the considerable 

percentage of cancer patients are elderly individuals, the investigation of the influence of 

cancer therapy on the ageing process gains more and more attention in science.  

Methods: A total of 314 patients treated with definitive radiation therapy (RT) for prostate 

cancer at the Department of Therapeutic Radiology and Oncology, Medical University of Graz 

were enrolled into our observational prospective study and underwent a comprehensive health 

status evaluation with the tools of geriatric assessment (GA) as well as the assessment of 

inflammatory parameters and measurement of leucocyte telomere length  prior to the start of 

treatment and at two follow-ups 3 and 15 months after the completion of radiation. Blood 

sampling and measurement of biomarkers of ageing was also conducted at the end of RT 

course. The alterations of clinical, biochemical and molecular domains of ageing were 

evaluated with non-parametric tests. Additionally, correlations between pretherapeutic GA 

results and ageing-related biomarkers were analysed.  

Results: During the observation time, a significant decline was observed in patients’ social 

situation (p<0.001), mood state (p<0.001), nutritional status (p<0.001), and in instrumental 

activities of daily living (p=0.005). The ability to perform the basic activities of daily living and 

comorbidity burden did not change from the baseline to the second follow-up (p>0.05). 

Furthermore, we could observe an improvement in cognitive function (p=0.004) and patients’ 

mobility (p=0.032) between the pretherapeutic status and one of the reassessments. The 

results of biochemical markers of ageing showed a significant increase of fibrinogen (p<0.001), 

neutrophile to lymphocyte ratio (p<0.001), and platelet to lymphocyte ratio (p<0.001) between 

the baseline and at least one of the follow-up examinations. The results of the albumin and 

cholesterol levels in blood indicate a lowering of the metabolic reserve during the RT course 

(p<0.001) with a significant ability to recover after completed radiation therapy (p<0.001). 

Telomere length analysis showed a significant reduction in the relative telomere length 15 

months after completion of radiotherapy compared to baseline (p=0.048) and the end of the 

radiotherapy series (p=0.040) 

Furthermore, several correlations between the clinical GA results and biochemical and 

molecular parameters of ageing could be detected. 

Conclusions: The alterations observed in our study cohort suggest a negative influence of 

curative radiation therapy on the majority of health components measured in our assessments. 

The prolonged elevation of the inflammatory parameters and the decrease of albumin and 

cholesterol levels during the longer observation period suggest that even small field RT can 

activate the chronic inflammatory process. The changes in relative telomere length imply that 
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radiotherapy influences aging processes at the cellular level. In addition, the correlations 

detected between clinical and biochemical age-related parameters could be utilized in clinical 

practice for the identification of biologically older patients and for decision-making in cancer 

therapy.  
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 Introduction 

6.1 Ageing - definition 

The term “ageing” describes a gradual and inevitable decline of the functions of tissues and 

organs.  According to the World Health Organization “ageing results from the impact of the 

accumulation of a wide variety of molecular and cellular damage over time. This leads to a 

gradual decrease in physical and mental capacity, a growing risk of disease and ultimately 

death.” 

In the literature, the age of 65 years is commonly used as a cut-off to designate an “elderly 

patient”. Since ageing is a multidimensional process complex, there is a need of classification 

of its major components which are described in detail in this chapter.  

6.2 Clinical changes 

 Physical changes – sarcopenia, osteoporosis and decline in 

mobility. 

Alterations in visual appearance represent the most conspicuous aspect of development, 

maturation, and ageing. Over the lifespan, the visible changes encompass the color and 

structure of the hair, skin elasticity, hydration status, and structure as well as general body 

shape alterations that strongly correlate with the mass and structure of the connective tissue 

in the body, which includes the muscle, bone, and fat mass. 

Both bone and muscle mass increases continuously in childhood, accelerates rapidly in the 

adolescence, reaches a peak between 20 and 30 year of life and remains stable over the (1,2). 

The growth of bone and muscle mass is strongly dependent on nutrition and is also influenced 

by anabolic hormones and physical activity (3). From the age of 20-25 years, body fat starts to 

increase gradually until approximately 65 years which is a result of a decrease in basal (resting) 

metabolic rate (4).  

A reduction in muscle mass of approximately 20-40% typically occurs by the age of 70, leading 

to the condition known as sarcopenia (4). The loss of muscle tissue can be caused by multiple 

factors, including malnutrition, physical inactivity, hormonal changes, inflammation, increased 

catabolism, and anabolic resistance.  

Bone mineral density (BMD), used as a proxy for the assessment of fracture risk, declines with 

age starting at about the age of 50 years. The increase in the bone turnover rate, driven by the 

increased bone resorption has been proposed to lead to the bone loss observed in the elderly 

(5). 

Osteopenia and its advanced stadium called osteoporosis, are in turn a result of continuous 

loss of the bone mass, reached in the early adulthood. The decrease in bone tissue is triggered 

by malnutrition, inflammation, intake of certain medication such as NSAIDs antirheumatics, 
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psychotropic drugs, antacids, statins, vitamin K, antagonists, sex steroids, bisphosphonates, 

and anti-cancer treatment(6) as well as physiological hormonal alterations occurring in 

advanced age(7). 

As the loss of bone and muscle tissue shares a common spectrum of underlying causes, both 

conditions frequently co-occur and are described as osteosarcopenia (2). However, it is 

important to distinguish between sarcopenia and dynapenia, which is the decline in muscle 

strength and does not necessarily occur in direct proportion to muscle mass loss (4).  

Besides mass and structure, the function of the musculoskeletal system also changes over the 

lifespan. Joint overload and stiffness, shortening, and rigidness of tendons are indicators of 

the degenerative ageing process in the elderly (8). Decreased mobility in older individuals 

includes reduced muscle strength, a decrease in walking speed and stride length, as well as 

impaired balance and gait leading to an increased risk of falling.  In previous studies, improved 

mobility in people 50-69 years was associated with a higher quality of life (9), in contrast, 

reduced mobility correlated with increased all-cause mortality in elderly persons (10). 

 Neurological changes, neurocognition and mood changes 

Various structural and functional alterations in the central and peripheral nervous system have 

been described as a part of physiological ageing.  The decrease in grey matter already begins 

in early adulthood ((11)). The most prominent loss of grey matter can be observed in the 

prefrontal cortex, smaller changes have been shown in the area of the hippocampus (12).  

Interestingly, the age-related decrease of grey matter volume is not only caused by the loss of 

neuron cells, but also by a decrease in size of neurons and number of synapses (13,14). 

Morphologic changes encompass a lower complexity of dendrite arborization, and decreased 

dendrite length and neuritic spines that can contribute to the decrease in the number of 

synapses (15). In a model by Terry and Katzman, by the age of 130 years a cognitively normal 

adult would have a synaptic density equivalent to an individual diagnosed with Alzheimer 

Disease (13). 

Furthermore, accumulation of beta-amyloid in grey matter can be found in 20-30% of healthy 

adults (16,17). Some authors suggest that cognitive normal patients with an accumulation of 

beta-amyloid in the brain are at higher risk of developing Alzheimer’s disease (16,18). 

In contrast to grey matter, the extent of white matter loss is significantly greater (19). A prior 

study demonstrated a reduction in white matter volume of 16-20% in the precentral gyrus, 

gyrus rectus, and corpus callosum among autopsy specimens from individuals aged over 70 

years whereas the loss of grey matter in these areas was shown to be less than 6%. (12). 

Furthermore, Rogalski et al described changes in parahippocampal white matter indicating 

restricted interaction with hippocampal structures, which may provide an explanation for 

memory decline in elderly individuals (20). 

Due to the progressive alterations in the nervous system, a neurocognitive decline is 

commonly observed in elderly people. In observational studies, dementia is estimated to have 

a prevalence of 6.4%, with Alzheimer's Disease being the primary cause, accounting for 54% 

of cases  (21). There is a growing body of evidence suggesting that traumatic brain injury, mid-

life obesity, mid-life hypertension, smoking, diabetes, depression, and sleep disturbances 
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represent risk factors for dementia and cognitive decline in age (22,23). In addition, worsening 

of the general physical condition, that may lead to the reduction of social contacts also 

negatively influences cognition. In a 10-years longitudinal study, a higher degree of loneliness 

correlated with poorer cognitive function and was associated with a more pronounced decline 

in memory and verbal fluency over the duration of observance (24). In contrast, modifiable 

factors such as the number of years of formal education, physical activity, Mediterranean diet, 

cognitive training, moderate amount of alcohol, and social engagement could have a protective 

influence against dementia (23). 

Psychiatric problems are also not uncommon in the elderly. About one fifth of elderly patients 

suffer from a psychiatric disorder with the leading diagnoses of depression with an estimated 

prevalence of 5-10% and anxiety disorder with a prevalence of 6-12% in individuals over 65 

years (25).  Additionally, a row of studies performed on non-psychiatric in-patients revealed 

that undiagnosed psychiatric comorbidities were present in 17-62% of hospitalized individuals 

(26). 

Depression in elderly can lead to a considerable decrease of functionality, deterioration of 

physical condition and worse recovery from disabilities caused by somatic diseases (27).  

 Ability to perform daily activities. 

Independence in performing the basic and more advanced activities of daily living (ADLs) is 

one of the most important issues in elderly (28). Basic physical activities encompass eating, 

personal hygiene, dressing, toileting, the ability to move from one position to another and to 

walk independently (29). Reduced physical, psychical, and cognitive status can pose an 

obstacle in covering those fundamental needs. More advanced, instrumental activities of daily 

living (IADLs) include tasks requiring organisational skills. This group of tasks consists of the 

organisation of transportation, management of finances, preparation of meals, household 

maintenance as well as the ability to go shopping, to use phone, and to take medications 

correctly (29).  

A lot of age-related changes such as musculoskeletal and neurological decline, cardiovascular 

diseases, cognitive impairment, social isolation, and side effects of medications can lead to a 

decreased ability to perform basic ADL (30,31). Worsening of ADLs can also be a result of 

acute illness and hospitalisation (32). Furthermore, frailty, depression, and reduced 

participation in social groups has previously been correlated with reduced independence in the 

instrumental ADLs (33).  

Mamikonian-Zarpas and Laganá demonstrated that lower scores in the items of ADL and IADL 

tools correlated with a higher risk of falls in frail, but also in not frail and not dizzy patients (34). 

Beltz et al. showed that basic ADLs measured with the Katz-Index as well as IALDs 

significantly associated with the self-assessed quality of life in patients over 70 years (35). 

 Socioeconomic situation of elderly 

Throughout lifetime, the individual's socioeconomic situation, i.e. work experience, occupation, 

access to resources, social position, and household income undergoes substantial changes. 

One of the most important issues in the elderly is age-related poverty (36). Retirement, the 
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loss of a partner, declining health, and rising healthcare expenses all contribute to a decrease 

in financial security. Growing old introduces a substantial, added risk of experiencing poverty 

or remaining in a state of poverty (37). In the US, 12.9% of people aged 80 and older, 9.5% 

among individuals aged 75-79, 9.7% among those aged 70-74, and 9.6% among aged 65-69 

live in poverty(36). In the elderly population, the poverty rate is also higher among people living 

alone compared to married individuals or people living with a spouse(36).  Financial planning 

over the adult life, employment and education, governmental support, and social support from 

family and friends are postulated as factors with a major influence on elderly poverty (38,39).  

The socioeconomic situation significantly impacts quality of life and strongly correlates with an 

individual´s health. Furthermore, a higher socioeconomic status measured as education, 

income, or as occupational prestige correlated with decreased mortality in individuals > 65 

years (40). 

In addition, age-related loneliness is a noteworthy issue, with 9% of the European population 

reporting feelings of loneliness (41). Subjective loneliness is significantly influenced by factors 

such as chronic illness, mental health conditions, reduced IADLs (Instrumental Activities of 

Daily Living), living environment, and social connections (42). Social isolation has a negative 

impact on physical health, nutrition, sleep, physical activity, and cognition(43) and also 

correlates with the occurrence of depression, decreased quality of life, and increased all-cause 

mortality (43–45).  

Social and economical factors also influence psychological resources such as optimistic self-

beliefs, self-efficacy, and perceived autonomy, which have a positive impact on the health 

condition of geriatric patients (46,47).  

6.3 Comprehensive geriatric assessment 

Since chronological age offers limited knowledge about the patient’s health status, assessing 

the various aspects of health appears essential in guiding diagnostic and treatment decisions.  

The comprehensive geriatric assessment is group of diagnostic tools which enable a profound 

examination of the functional capacity of elderly patients. The GA assesses multiple domains 

of illness and health, including functional status, comorbidity, nutritional status, cognition, 

social support, polypharmacy, and psychological state (e.g., depression, anxiety, and distress) 

(48).   

Geriatric assessment (GA) tools can help to identify previously unrecognized conditions that 

can affect relative life expectancy (RLE) and treatment tolerance and efficacy (49,50). 

Alterations in health status, as assessed through geriatric evaluation tools, as well as 

interventions guided by geriatric assessment demonstrated a correlation with therapy 

adherence, outcome, and quality of life in geriatric patients undergoing cancer therapy (49–

51). 

Results of the GA have also been found to be predictive of chemotherapy toxicity and survival 

in geriatric oncology samples (50,52,53).  
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Thus, the International Society of Geriatric Oncology (SIOG) has recommended that the 

decision-making process for treating older cancer patients should be based on a systematic 

evaluation of health status using a geriatric assessment (54).  

The main health domains assessed through geriatric evaluation tools are categorized into the 

following areas: 

- Physical status, frailty, and mobility: assessment of malnutrition, self-reported 

exhaustion, low energy expenditure, slow gait speed, weak grip strength. 

- Neurocognitive status and mood: assessment of cognitive decline and alterations in the 

mood status with focus on detection of depression. 

- Socioeconomical situation: evaluation of household, financial resources, as well as the 

support and obligations from and toward next family and friends. It also focuses on the 

activity and self-care demonstrated by the ability to continue or undertake hobbies and 

take part in the social events. 

- Functional health: assessment of the (in)dependency in performing the basic and 

instrumental activities of daily living. 

- Co-morbidity status: description of comorbidity burden, either in a quantitative or 

quantitative-weighted manner. 

- Polypharmacy: assessment of the status of currently taken medications. 

6.4 Cellular and molecular changes in the ageing 

process 

Ageing cells undergo a multitude of morphological and functional changes influenced by both 

internal and external factors. The observable morphological shifts in ageing cells encompass 

changes in both cell size and shape, and reflect a decline in the functionality of cellular subunits 

(55,56).  

As a result of the ageing process, increased granularity, large but dysfunctional mitochondria, 

the appearance of chromatin fragments in the cytoplasm as well as senescence-associated 

heterochromatin and DNA damage foci can be observed (57–59). Moreover, the cellular 

membrane undergoes deformation as a consequence of cytoskeleton degradation, resulting 

in the dysregulation of cell signalling pathways(57,60,61). 

Impairments in mitochondrial morphology and function have also been associated with ageing 

process (62). Mechanisms responsible for mitochondrial dysfunction include mtDNA 

mutations, mitochondrial turnover, and signaling through mTOR (62). Beyond disturbed 

chemical energy production, mitochondrial deterioration can result in the leak of ROS and 

mitochondria-specific enzymes into the cytosol, which may generate further damage and lead 

the cell to apoptosis (63).  

The nucleus is the central component of the eucaryotic cell.  The eukaryotic nuclear pore 

complex (NPC) plays a crucial role in facilitating signal exchange between the nucleus and 

cytoplasm (64). Degradation of nucleoporins results in reduced integrity of the nuclear 

membrane, which impairs the transport of proteins and genetic messages that has been linked 

with cellular senescence and decreased responsiveness to cellular stress (65).  
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Furthermore, altered organisation of the lamins in the nuclear envelope has a strong impact 

on genome organisation (66). Lamin damage can result in higher sensitivity to reactive oxygen 

species leading to increased oxidative damage(67). Changes in nuclear lamins have been 

noted in aged and compromised stem cells, in addition, laminopathies are observed in 

individuals with Hutchinson–Gilford progeria who exhibit phenotypic hallmarks of ageing at a 

young age (68). 

Autophagy is a cellular process responsible for the degradation of non-functional cellular 

components, and the inhibition of autophagy leads to the manifestation of ageing-related 

hallmarks in cells (69). The autophagic clearance of damaged proteins, protein aggregates, 

organelles, and lipids may be essential for providing the raw materials necessary to maintain 

cellular physiological function (69). Disturbances in autophagy have been noted in patients 

with Parkinson´s disease, where the autophagy is downregulated, while in patients with 

Chaperone -Mediated Autophagy this process, autophagy is dysregulated (70,71). 

Conversely, in patients with Alzheimer´s disease, this process is upregulated (72). The diverse 

implications of variously altered autophagy underscore the complexity of its role in age-related 

conditions. 

 Cellular senescence  

The ability to undergo division represents a fundamental indicator of a healthy, functional cell, 

however, this process is limited over time. In a study on fibroblasts, Hayflic et al. observed that 

after 40-60 cycles of mitosis, the cell population ceased further growth(73). This finding has 

altered our understanding of the capacity of cells and tissue for recovery and renewal. 

Apoptosis and senescence are two types of cellular response to damages, whereas apoptosis 

is a programmed suicide of a cell in response to exogenous stimuli or intrinsic signals to 

maintain homeostasis of the organism. In contrast, senescence represents a stress-induced, 

durable cell-cycle arrest of previously replication-competent cells. Cellular senescence occurs 

throughout life and can be triggered by a variety of cell-intrinsic and extrinsic stimuli. It plays 

beneficial roles in a variety of physiological and pathological processes. However, the 

accumulation of senescent cells with age also carries adverse consequences and contributes 

to ageing related- conditions and morbidity.  

Although there are no senescence-specific biomarkers, mean telomere length is one of the 

few indicators proposed to reliably identify senescent cells. 

 Mean telomere length 

Telomeres are protein-bound DNA repeat structures (5′-CCCCAA-3′ and 3′-TTGGGG-5′ 

hexanucleotide sequences) at the end of chromosomes which are protecting chromosomes 

from damage i.e.  degradation, rearrangements, end-to end fusions, and chromosome loss 

during each cell division and, thus, play a critical role in maintaining chromosomal stability 

(74,75). During somatic-cell replication, telomere length progressively shortens because of the 

inability of DNA polymerase to fully replicate the 3′ end of the DNA strand(76). Once a critically 

short telomere length is reached, the cell is triggered to enter replicative senescence, which 

subsequently leads to cell death (77).  
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Mean telomere length exhibits considerable inter-individual variability and has high heritability 

with estimates varying between 44% and 80% (78). In cross-sectional population studies, 

mean telomere length is inversely associated with age declining by between 20–40 base pairs 

per year (79). Because telomere length decreases with increasing age, average telomere 

length has been proposed to serve as “biological” clock (80). Besides ageing, many different 

endogenous and environmental factors, such as oxidative stress, an unhealthy lifestyle and 

genotoxic stress, can modify telomere length (81).   

There is growing evidence that indicates a significant correlation between telomere length and 

cellular senescence (81). Short telomeres have also been associated with stem cell exhaustion 

that represents a major mechanism of ageing (82).  

In previous studies, telomere length has directly been associated with lifespan.  Short 

telomeres have been correlated with decreased length of life, on contrary, organisms with long 

telomeres showed longevity(83). In a meta-analysis by Boonekamp et al., a correlation 

between short telomeres and mortality risk has been demonstrated (84). 

Shorter age-adjusted and sex-adjusted mean telomere length has also been found to be 

associated with risk of several age-related diseases, including coronary artery disease, 

diabetes mellitus, hypertension, Alzheimer´s disease status, and cancer, (85,86). Telomere 

length has also been linked with functional status, cognitive function or mortality (87,88), in 

addition, a correlation between telomere length and radiosensitivity has been detected (89). 

Most of the previously performed studies have measured mean telomere length in blood 

leukocytes. Within an individual, mean leucocyte telomere length (LTL) and telomere length in 

other tissues are highly correlated, making the use of telomere length obtained from peripheral 

blood leucocytes a potential biomarker of ageing (90,91).  

Among young adult survivors of childhood ALL, shorter LTL has been detected when 

compared with age-matched controls, the strongest difference has been detected among those 

who had undergone cranial radiotherapy (92). Similar results have been obtained in long-term 

survivors of neuroblastoma suggesting premature senescence in leukocytes of the survivors 

(93). 

 Modulation of telomere length 

In germ cells and other stem cells that require renewal, telomere length is maintained by the 

enzyme telomerase, a ribonucleoprotein that contains the RNA template TERC and a reverse 

transcriptase TERT (94). Telomerase represents a key mediator of senescence. Alterations in 

telomerase activity affecting telomere length have been shown to enhance or reverse 

senescence and ageing-associated phenotypes (95). For example, telomerase-deficient 

humans demonstrate an excess incidence of some age-related phenotypes such as pulmonary 

fibrosis, emphysema, greying, bone marrow hypoplasia, and cirrhosis suggesting that the 

premature activation of senescence in such individuals causes various aspects of ageing (96). 

 Chronic inflammation 

With increasing age, there is a growing occurrence of senescent cells. Although these cells no 

longer perform the typical functions of their original tissue and system, they can release various 
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inflammatory cytokines causing an imbalanced secretion of proinflammatory mediators, 

cytokines, and chemokines, leading to a chronic inflammatory process. This capability is 

proposed as the primary contributor to inflammaging in the context of both ageing and age-

related conditions like atherosclerosis, cancer, and diabetes. The diminished functioning of 

cytokines also leads to the occurrence of senescence in immune system cells, a phenomenon 

referred to as immunesenescence.  

A role for inflammation in the process of ageing and age-related disease has clearly been 

established in epidemiological studies of non-oncological older adults.  

Several reports have described an increase in pro-inflammatory cytokines (mainly interleukin 

(IL)- 1, IL- 6, transforming growth factor (TGF)- ß, and tumour necrosis factor (TNF)- α), 

chemokines, and C-reactive protein (CRP), with increasing age even in healthy elderly persons 

without apparent presence of acute inflammation (97–100) Pro-thrombotic factors have also 

been noted to be increased with chronic inflammation, likely because of a co-stimulatory effect 

between the two processes (101). Additionally, low serum cholesterol and albumin have been 

suggested to indicate subclinical levels of chronic inflammation and/or dysregulation of the 

inflammatory processes that can contribute to an “ageing” phenotype (102).  

Recent studies have demonstrated that a composite panel of inflammatory markers-designed 

to measure overall “Inflammatory” burden-may provide a valuable information about an elderly 

patient´s overall health status. In an analysis of women age 65 years and older on the Women’s 

Health and Aging Study, higher baseline IL-6 levels were associated with significantly higher 

levels of functional decline compared with women with lower IL-6 levels (103) (104) Another 

study including 110 patients older than age 75 years evaluated a combination of inflammatory 

markers including CRP and low albumin and their relationship to several different clinical 

measures of frailty and showed that the degree of clinical frailty independently correlated with 

increased inflammatory marker levels and lower albumin levels (102).  

Elevated inflammatory markers have also been associated with mortality risk in the elderly 

(105,106). In a cohort of high-functioning elderly patients, elevated levels of CRP (>=3.19 

pg/mL) were found to be an independent risk factor associated with a nearly 2-fold increased 

risk of death (104). In another study, patients with hypoalbuminemia (<35 g/L) were found to 

be at higher risk of all-cause mortality. Even in the group of patients with normal albumin levels 

(35-50 g/L), investigators found a graded increase in all-cause mortality from patients with 

highest normal to those with lowest normal values (107).  

Chronic inflammatory markers may have the ability to predict both decline in function and 

mortality (108–111) and have been suggested to have a strong predictive ability among 

patients without baseline functional impairments and may also identify patients with functional 

impairments that may not otherwise have been identified without extensive geriatric 

assessment testing. 

In general, pro-inflammatory mediators increase with age, even among healthy individuals and 

are proposed to accelerate the ageing process and exacerbate multiple age-related diseases.  
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6.5 The impact of cancer treatment on the ageing 

process 

Chemotherapy and radiation therapy are highly effective cancer treatment options. Both 

modalities rely on direct and indirect interactions with cellular DNA that may induce 

degradation of DNA strands, disrupt DNA synthesis and repair processes and lead to a 

significant reduction in cell division potential. As a result, the diminished ability for cell division 

contributes to a decline in the number of stem and progenitor cells, promoting cellular 

senescence and triggering chronic inflammation. 

 Cancer treatment and the acceleration of ageing 

Large epidemiologic studies have reported the premature onset of age-related conditions in 

childhood cancer survivors, decades earlier than in their peers independent of organ-specific, 

treatment-related toxicities. Adults treated for childhood cancer are at an increased risk of 

chronic health conditions, frequent hospitalization and early mortality (112–114). Elevated 

rates of other outcomes typically associated with ageing, such as minimal cognitive 

dysfunction, reduced muscle strength, and poor exercise tolerance, are also reported to 

appear decades earlier than expected (112,115–118). Frailty is evident in about 8% of 

childhood cancer survivors a decade after treatment (112). Among individuals aged 70 and 

older, the prevalence of frailty rises to 60%, contrasting with a 10% frailty rate in the general 

population aged over 65 (119). In addition, Aremenian et at. found that individuals aged 20 

years who have been treated for cancer in childhood are the same risk of developing chronic 

diseases as their siblings at the age of 50 years (120).  Furthermore, 95% of childhood cancer 

survivors have at least one heath problem at the age of 45 years (121,122).  

Observational studies have also shown that survivors of adult-onset cancers have a higher 

burden of mobility limitations, comorbid conditions, and pain, as well as a greater risk of 

functional and cognitive impairments compared to healthy, age-matched controls (123–128). 

For instance, Alfano and colleagues found evidence for an accelerated ageing phenotype in 

breast cancer survivors characterized by the accumulation of excess comorbidities within a 

follow-up time of 18 months (129).  

Although a phenotype of accelerated ageing after exposure to chemotherapeutic agents and 

ionizing radiation has been described, the mechanisms that drive accelerated ageing in cancer 

survivors are not understood. 

Evidence from preclinical models shows that radiation and cytotoxic anticancer therapies 

cause physiological changes consistent with several molecular and cellular hallmarks of 

ageing (130). Asymptomatic cancer survivors have been found to demonstrate a biologic 

profile of chronic inflammation and telomere attrition, consistent with an early onset of cellular 

processes that drive accelerated ageing (131,132). 
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 Prostate cancer radiotherapy 

Prostate cancer (PCa) is the second most frequent cancer diagnosis in men and the fifth 

leading cause of death worldwide. In Austria, PCa is the most diagnosed cancer type in men 

(133,134). In 2018, 6018 patients were newly diagnosed with PCa and 1215 patients died from 

PCa(135). PCa is predominantly a disease of senior adults with a median age at diagnosis of 

66 years (136). With the ageing of the population and the increasing life expectancy, especially 

in developed countries, the burden due to prostate cancer is expected to increase substantially 

in the future.  

Radiation therapy represents a well-established, highly efficient, non-operative treatment 

modality for patients with prostate cancer who are unsuitable for radical prostatectomy 

because of very advanced age, comorbidities, or reduced performance status. Thus, the 

number of patients, especially patients aged ≥ 70 years, referred for radiotherapy has 

increased significantly during the last years. 

The choice of the treatment for PCa depends on the initial PSA level, tumour grading and 

staging different as well as the age and health status of the patient. However, management of 

PCa is often challenging because disease progression can occur slowly in many patients, even 

without treatment (137). However, amongst all types of localized disease, a high-risk group of 

PCa exists, defined by stage T2c or PSA level >20 ng/mL or Gleason score ≥8, which has the 

most potential to develop biochemical progression, local recurrence, or even metastatic 

disease. 

Life-expectancy is a major determinant of the potential for benefit from curative therapy. In 

PCa, predicted life expectancy has been directly incorporated into treatment guidelines 

(138,139). However, life expectancy varies substantially between individuals within a given 

age group. For example, 75-year-old men are expected to live for a further 8.3 years (median), 

but ≈25% (the upper quartile) will live for at least 14.2 years, whereas another 25% (the lower 

quartile) will live for 4.9 years (140). Life-expectancy estimates represent a useful tool for public 

healthcare but are not valid for a given individual.   

Because chronologic age alone is a poor descriptor of the heterogeneity in the ageing process, 

the geriatric assessment has been proposed as a tool for separating patients likely to benefit 

from standard cancer treatment and those who are at high risk of complications and/or are too 

vulnerable to receive aggressive therapy. Commonly used geriatric assessment (GA) tools can 

help to identify previously unrecognized conditions that can affect relative life expectancy 

(RLE) and PCa treatment tolerance and efficacy (49,141,142). Previous studies have shown 

that older patients with PCa undergoing various treatments have significant impairments on 

GA tests of function, cognition, and physical performance (143,144). 

Thus, systematic evaluations of functional status, cognitive status, comorbidities, self-

assessed health status, mobility, nutritional status, psychological status, and social 

circumstances may support therapeutic decisions in PCa (145). However, little is known about 

the impact of PCa therapies including radiotherapy on functional outcome and on the 

development or acceleration of age-related chronic conditions. Furthermore, the knowledge 

about the processes that underlie ageing-related consequences of cancer treatment is very 

limited. 
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 Project hypothesis and objectives 

7.1 Hypothesis 

We hypothesized that prostate cancer radiotherapy accelerates ageing-related processes and 

contributes to the development or progression of age-related conditions as well as cellular 

senescence and systemic inflammation.  

7.2 Objectives 

The purpose of the present study was to analyse the influence of radiation therapy on the 

clinical, molecular and biochemical changes related to the ageing process. 

Objective 1  

The primary objective of the study is to determine if prostate cancer radiotherapy 

influences the development or acceleration of ageing-related clinical conditions 

measured by the tools of comprehensive geriatric assessment as well as to investigate 

the consequences of radiation treatment on cellular senescence and systemic 

inflammation. 

 

Objective 2  

To determine the relationship between ageing related biomarkers (i.e. telomere length 

and inflammatory markers) and age- related clinical conditions.  
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 Materials and Methods 

8.1 Study participants 

The present prospective cohort study was performed including 314 prostate cancer patients. 

Patient recruitment was performed from 10/2019 to 12/2021 at the Department of Therapeutic 

Radiology and Oncology / Medical University of Graz / Austria.  

Eligible patients were invited to take part by the local investigators prior to the start of 

radiotherapy and had to fulfil the following inclusion criteria: 

- Diagnosis of localized prostate cancer 

- Age ≥ 65 years 

- Candidate for definitive radiation treatment 

- Written informed consent. 

- Ability to give informed consent.  

Written informed consent was obtained from all study participants prior to study inclusion. A 

total of 7 patients have withdrawn informed consent, 1 patient was excluded from the study 

because of very poor performance status.  

At study inclusion, all study participants completed a routine clinical questionnaire including 

family history, medication, previous surgery, co-morbidities, and smoking habits. Furthermore, 

the following data about tumour and treatment characteristics such as prostate specific antigen 

(PSA) level at the time of diagnosis, pre-irradiation PSA level, tumour node metastasis (TNM) 

stage, Gleason score, and information on androgen deprivation treatment were obtained from 

all participants. 

8.2 Information on radiation treatment 

Image-guided radiotherapy with high energy photons was generally performed using 

volumetric intensity modulated arc therapy (VMAT) techniques to encompass the prostate and 

seminal vesicles. The total dose, prescribed to the International Commission on Radiation 

Units and Measurement point, ranged from 74-78 Gy delivered in 2 Gy per fraction dependent 

on risk situation. Hypofractionated radiotherapy with a total dose of 60 Gy (3 Gy per single 

fraction) was delivered in 13 patients. Treatment was performed daily, 5 days/week. Acute 

genitourinary and gastrointestinal toxicity was regularly assessed during the radiation therapy 

course and graded according to standard EORTC / RTOG criteria. 
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8.3 Follow-up investigations 

Follow-up investigations were performed 3 and 15 months after completion of radiotherapy. A 

total of 268 patients underwent the first follow-up investigation, the second follow-up 

investigation was performed in 250 patients.  

In Figure 8.1, the structure of the cohort during the study is demonstrated. 

 

Figure 8.1 Study cohort 

8.4 Study- related procedures 

 Clinical evaluations 

Within 2 weeks before start of radiotherapy, 3 months and 15 months after completion of 

radiotherapy, patients underwent a comprehensive geriatric assessment for a systematic 

evaluation of functional and cognitive status, comorbidities, health status, mobility, nutritional 

status, psychological status, and social circumstances. The time to perform the GA in an 

individual was approximately 30 minutes.  

The GA tools selected for the evaluation are summarized in Table 8.1.  

Domain Measure Description 

Functional 

status 

Activities of Daily 

Living (ADL) (146)  

GA tool designed to assess 10 activities related to the basic 

functions which includes bathing and showering, toileting 

and bladder/bowel management, dressing, eating (self-

feeding), functional mobility and personal hygiene. 

Instrumental Activities 

of Daily Living (IADL) 

(147) 

Assessment of 8 complex activities that allow an individual 

to live independently in a community.  The assessed skills 

are using a telephone, taking medications, using the private 



Katarzyna Paal page 32 

Domain Measure Description 

or public transport, maintaining a household, preparing 

meals, washing, and ability to handling finances. 

Timed Get-UP and 

Go-Test (TUG)(148)  

A test measuring the patients’ mobility and probability of 

falls in elderly. The test is performed with a use of chair, on 

which a patient is sitting. The patients is instructed to get up, 

walk a distance of 3 meters, turn back and return to the 

chair. The time of the whole procedure is measured. The 

patients with a need of using external device or tool are 

allowed to do so. 

Nutritional 

status 

Mini Nutritional 

Assessment (MNA) 

(149)  

An 18-item screening tool used to identify older adults (> 65 

years) at risk of malnutrition, encompassing the quality and 

quantity of the meals as well as the physical and psychical 

disorders, which could considerably influence the nutritional 

status. 

Social status 

and support 

Social status and 

support Survey 

(SOS)(150)  

Measures the perceived availability of social support and 

level of social activity 

Cognition Mini-Mental State 

Examination (MMSE) 

(151)  

A 30-point questionnaire that used for a screening of 

dementia and to measure the severity and progression of 

cognitive impairment and to follow the course of cognitive 

changes in an individual over the time. 

Mood Mini-Geriatric 

Depression Scale 

(mini-GDS) (152) 

A questionnaire designed for the assessment of depressive 

symptomatology in elderly people. The 15-question version 

excludes any questions relating to the physical symptoms 

of depression common in old age. 

Co-

morbidities 

Charlson Comorbidity 

Index (CCI) (153) 

A score of 19 selected, weighted conditions which was 

designed to predict the 1-year mortality of hospitalized 

patients. The assessment includes cardiovascular, 

pulmonal conditions, the disorders of soft tissue, diabetes 

and the malignancy. For the use of this study the diagnosis 

of prostate cancer was not included into the score. 
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Domain Measure Description 

Polypharmacy  Number of 

medications  

Assesses the number of currently prescribed medications  

Table 8.1 Health domains measured with geriatric assessment tools. Paal, K., Stranz, B., Thurner, EM. et al. 

Comprehensive geriatric assessment predicts radiation-induced acute toxicity in prostate cancer patients. 

Strahlenther Onkol (2023). https://doi.org/10.1007/s00066-023-02132-3, Reproduced with permission from 

Springer Nature  

https://doi.org/10.1007/s00066-023-02132-3
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 Analysis of cellular senescence and chronic inflammation 

At each study visit, blood samples for laboratory measurements were obtained. Laboratory 

parameters were assessed at baseline (within 2 weeks prior to initiation of radiation therapy), 

at the end of radiotherapy as well as 3 and 15 months after completion of radiotherapy.  

In addition to routine procedures, blood tubes were collected and stored at the Biobank of the 

Medical University of Graz for further analyses (www.meduni-graz.at/biobank; certified 

according to EN/ISO 9001:2008).  

Cellular senescence was assessed by the analysis of leucocyte telomere length. Chronic 

inflammation was evaluated using inflammatory markers previously associated with age-

related conditions or mortality. The inflammatory parameters that have been assessed in the 

peripheral blood are displayed in Table 8.2.  

Inflammatory marker Reported association Reference 

Platelet / lymphocyte ratio • Mortality (154,155) 

Neutrophil / lymphocyte ratio • Mortality (156) 

C-reactive protein 

• Clinical frailty 

• Decline in function  

• Mortality  

(102,157–

160) 

Fibrinogen 
• Age-related diseases 

• Mortality 

(157) 

Hypoalbuminaemia • Clinical frailty  (102,107) 

Low total cholesterol • Clinical frailty (102) 

Table 8.2 Summary of inflammatory parameters 
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8.5 Laboratory analyses 

 Isolation of genomic DNA 

DNA has been isolated using the Nucleospin Blood Genomic DNA Kit from Macherey&Nagel. 

The kit combines the advantages of silica binding with a microspin format, and eliminates the 

need for expensive resins, alcohol precipitation, and hazardous organic compounds such as 

phenol and chloroform. Isolation was be done according to the protocol provided by the 

manufacturer.  

The starting material was lysed in a chaotropic salt-containing solution to insure the thorough 

denaturation of macromolecules. The addition of ethanol causes the DNA to bind when the 

lysate is spun through a silica membrane in a microcentrifuge tube. A Prewash Solution is 

provided to help remove contaminants that are associated with aged (older than 24 hours) 

whole blood samples. After washing to remove contaminants, the DNA is eluted in 200 µl of a 

Tris-EDTA solution. The isolated expected yields of genomic DNA will typically be about 4-10 

µg. DNA purified with this kit has an A260/A280 ratio between 1.6 and 1.9 and is ready for 

downstream applications such as PCR and sequencing reactions. Storage of isolated DNA will 

be at -20°C. 

 Analysis of telomere length 

RTL-qPCR: This assay was developed by Cawthon  (161) and quantifies the ratio of average 

telomere length to a single-gene copy (RPLP0, previously denoted as "36B4"), which allows 

the determination of a mean relative telomere length (RTL). All qPCR analyses were performed 

in triplicates in 96-well plates on a CFX96 Real-Time PCR Detection System (Bio-Rad 

Laboratories, Vienna Austria). Each run included a standard curve based on dilutions of 

available HeLa-DNA (New England Biolabs, Frankfurt, Germany) to determine the quantity of 

targeted templates in each sample relative to the HeLa-DNA. RTL was calculated as the ratio 

of telomere quantity to single copy gene quantity.  

8.6 Statistical analysis 

 Endpoints  

The primary endpoint of the study was the development / progression of age-related 

conditions.  
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 Sample size and power analysis 

Minimum sample size was calculated using the Statulator online statistical calculator [Dhand, 

N. K., & Khatkar, M. S. (2014). Statulator: An online statistical calculator. Sample Size 

Calculator for Comparing Two Paired Means. Accessed 19 November 2019 at 

http://statulator.com/SampleSize/ss2PM.html].  

Effect size was calculated by dividing the mean of paired differences by the standard deviation 

of paired differences, and therefore was a scale indicating the number of standard deviations 

by which the means differ. Effect sizes of 0.8, 0.5 and 0.2 were considered as large, medium 

and small effect sizes. 

Assumptions and statistical parameters: 

Significance level (α): 0.05 

Statistical power:  0.80 

Effect size:   0.2 

Minimum sample size: 199 

To allow for an adequate reserve, a sample size of 250 patients was chosen for the present 

study.  

 Statistical tests  

Comparison of groups was done using appropriate statistical tests (student's t-test, rank sum 

test, chi2 test, ANOVA). Alterations in the clinical conditions measured by the tools of CGA as 

well as changes in laboratory parameters were analyzed with the use two-way variance 

analysis for related samples and non-parametric tests for related samples. The criterion for 

statistical significance was p < 0.05. All analyses were carried out using SPSS (SPSS inc. 

1989) and Stata (statcorp 1995). 

8.7 Ethical considerations 

The study complied with the Declaration of Helsinki and was performed according to the 

national law. The protocol has been approved by the local Ethical Committee (approval 

number: EK 31-437 ex 18/19). Data were stored electronically with strict data protection 

according to the Austrian Gene Technology Act, the Data Protection Regulation, and to the 

guidelines of the Ethical Committee of the Medical University Graz. Written informed consent 

was obtained from all participants. 
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 Results 

9.1 Baseline patient and treatment characteristics 

The median age of diagnosis was 74 years, with a mean age of 73.5 ± 5.59 years. Among the 

participants, 28 patients (8.9%) had low-risk prostate cancer, 139 patients (44.3%) had 

intermediate risk, and 147 patients (46.8%) had high-risk prostate cancer. Neoadjuvant 

androgen deprivation therapy (ADT) was given to 294 patients (93.6%). A summary of patient 

and treatment characteristics can be found in Table 9.1. 

 

 Patients‘ characteristics 

Age 

  <70 

  70-80 

  >80 

 

68(21.7%) 

217(69.1%) 

29(9.2%) 

Antikoagulation 

  Yes 

  No 

  Missing data 

 

135 (43.0%) 

178(56.7%) 

1(0.3%) 

Arterial 

hypertension 

  Yes 

  No 

  Missing data 

 

177 (56.4%) 

136 (43.3%) 

1(0.3%) 

Diabetes mellitus 

  Yes 

  No 

  Missing data 

 

56 (17.8%) 

257 (81.8%) 

1 (0.3%) 

Smoking status  
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  Current 

  Former or never 

  Missing data 

13 (4.1%) 

300 (95.5%) 

1 (0.3%) 

Risk group 

  High risk 

  Intermediate risk 

  Low risk 

  Missing data 

 

147 (46.8%) 

139 (44.3%) 

28 (8.9%) 

1 (0.3%) 

Tumour stage 

  T1-T2 

  T3-T4 

  Missing data 

 

255 (81.2%) 

55 (17.5%) 

4 (1.4%) 

Lymph node 

involvement 

  Yes 

  No 

  Missing data 

 

7 (2.2%) 

306 (97.5%) 

1 (0.3%) 

Gleason Score 

  ≤ 6 

  7 

  8-10 

 

49 (15.6%) 

149 (47.5%) 

116 (36.9%) 

Initial PSA level 

  <10  

  10-20 

  >20 

Median (mean ± SD) 

  Missing data 

 

205(65.3%) 

73(23.2%) 

32(10.2%) 

8.2 (13.5 ± 24.3) 

4(1.3%) 
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Neoadjuvant 

androgen 

deprivation 

  Yes 

  No 

  Missing data 

 

294 (93.6%) 

18 (5.7%) 

2 (0.6%) 

PSA before the RT 

(ng/ml) 

  <0,01 

  0,01-1,00 

  >1,00 

Median (mean ± SD) 

Missing data 

 

11 (3.5%) 

200 (63.7%) 

101 (32.2%) 

0.45 (1.38 ± 2.96) 

2 (0.6%) 

Radiation therapy 

  Conventional 

fractionation 

  Hypofractionation 

 

301 (95.9%) 

13 (4.1%) 

Total dose 

    ≤ 76 Gy 

    >76 Gy 

Median (mean ± SD) 

 

121 (38.5%) 

193 (61.5%) 

78 Gy (76.3 ± 4.1) 

Table 9.1 Baseline patient and treatment characteristics. Paal, K., Stranz, B., Thurner, EM. et al. Comprehensive 

geriatric assessment predicts radiation-induced acute toxicity in prostate cancer patients. Strahlenther Onkol 

(2023). https://doi.org/10.1007/s00066-023-02132-3, Reproduced with permission from Springer Nature. 

  

https://doi.org/10.1007/s00066-023-02132-3
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9.2 Results of comprehensive geriatric assessments 

 Polypharmacy 

Polypharmacy was assessed in 314 patients before the initiation of radiation therapy course. 

The number of daily medications ranged from 0 to 19, with a mean intake of 3.73 ± 3.25 drugs 

(see Figure 9.1). Less than 10% of patients did not consume any medications on a daily basis, 

while the majority took 1-2 medicines per day. Extensive polypharmacy defined as the daily 

intake of at least 5 different substances was reported in 6.7 percent of patients. 

 

Figure 9.1 Distribution of medication intake survey in the study cohort 
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 Mini-Mental State Examination 

Mini-Mental State Examination (MMSE) was performed in 283 patients before start of RT, in 

253 patients 3 months after completion of RT and in 231 patients 15 months after RT, 

respectively. The mean values of the Mini-Mental State Examination (MMSE) score were 

28.4±1.68 at baseline, 28.74±1.29 at the first follow-up, and 28.74±1.54 and at the second 

follow up, respectively. The results of the MMSE are shown in Figure 9.2.  

 

Figure 9.2 Results of the distribution of the Mini-Mental State Examination at the baseline (MMSE_1), at the first 

(MMSE_2), and at the second follow-up (MMSE_3) 
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 Social status and support Survey  

Social situation describing a current patients’ situation regarding close interpersonal 

relationships, social activity, housing and financial situation was assessed with social status 

and support Survey (SOS). The assessments were performed in 281 patients at baseline (prior 

to RT), in 270 patients at the first follow-up (3 months after RT), and in 240 patients at the 

second follow-up (15 months after RT), respectively (Figure 9.3). The mean values of the SOS 

were 23.1±1.65, 22.47±1.86, and 22.26±2.01 respectively. 2 (0.6%) patients had a score under 

17 points. However, no intervention of social workers was actively undertaken by the study 

team due to observational character of the study. 

 

Figure 9.3 Results of the distribution of the SOS at the baseline (SOS_1), at the first (SOS_2), and at the second 

follow-up (SOS_3) 
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 Activities of Daily Living 

The assessment of basic activities of daily lining (ADL) and instrumental activities of daily living 

(IADL) was performed in 282 patients at baseline, in 272 Patients at first follow-up, and in 241 

patients at the second follow-up, respectively.  

The patients displayed an excellent ability to perform the basic ADL at the baseline assessment 

(mean 99.4) as well as at both reassessments at first and second follow up (mean 99.44 and 

99.62).  

The mean values of the IADL at the three assessments were 7.75, 7.69 and 7.63 respectively, 

suggesting a high ability to perform the instrumental activities of daily living.  

The results of the ADL and IADL are shown in Figure 9.4 and Figure 9.5. 

 

Figure 9.4 Results of the distribution of the ADL at the baseline (ADL_1), at the first (ADL_2), and at the second 

follow-up (ADL_3). 

 

Figure 9.5 Results of the distribution of the IADL at the baseline (IADL_1), at the first (IADL_2), and at the second 

follow-up (IADL_3).  
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 Geriatric Depression Scale  

The assessment of depression using the geriatric depression scale (GDS) was performed in 

265, 272, and 240 patients at baseline, 3 months and 15 months after RT, respectively (Figure 

9.6). The mean values on the GDS at the three timepoints were 1.51±2.08, 1.76±2.26 and 

2.01±2.25, respectively. 23(7.3%) patients reached scores above 5 points, which is considered 

as a cut-off for further diagnostic procedures.   

 

Figure 9.6 Results of the distribution of the GDS at the baseline (GDS_1), at the first (GDS_2) and at the second 

follow-up (GDS_3). 
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 Time Up and Go Test 

Mobility was measured with the use of the Time Up and Go test (TUG) that was applied in 275 

patients at baseline, in 248 at the first follow-up, and in 230 patients at the second follow-up. 

The mean time needed for getting up, going 3 meters, turning round, coming back and sitting 

back on the study chair were 10.6±2.68, 10.4±2.65 and 10.41±2.44 seconds at baseline, at 

first follow-up and at second follow-up, respectively. The results of the TUG are displayed in 

Figure 9.7. 

 

Figure 9.7 Results of the distribution of the TUG at the baseline (TUG_1), at the first (TUG_2), and at the second 

follow-up (TUG_3). 
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 Mini Nutritional Assessment  

The nutritional status was assessed in 275, 272 and 240 patients at baseline, at the first, and 

second follow-up investigation, respectively. The mean values of the mini nutritional 

assessment (MNA) were 27.64, 27.14 and 27.16 at baseline, at the first and the second follow-

up, respectively. The results of the MNA are provided in Figure 9.8. 

 

Figure 9.8 Results of the distribution of the MNA at the baseline (MNA_1), at the first (MNA_2), and at the second 

follow-up (MNA_3). 
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 Charlson Comorbidity Index 

The assessment of comorbidities using the Charlson Comorbidity Index (CCI) was performed 

in 284 patients at baseline, in 277 patients at the first follow-up, and in 244 patients at the 

second follow-up investigation, respectively.  The mean values of the CCI were 0.62, 0.63 and 

0.64 at the three time points. Results of the CCI are displayed in Figure 9.9. 

 

Figure 9.9 Results of the distribution of the CCI at the baseline (CCI_1), at the first (CCI_2) and at the second follow-

up (CCI_3). 
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9.3 Results of chronic inflammatory parameters 

 Neutrophil to lymphocyte ratio  

The neutrophil to lymphocyte ratio (NLR) calculated as the quotient of absolute neutrophil 

count to absolute lymphocyte count was evaluated in 308 patients at baseline, in 293 patients 

at the end of radiotherapy, in 290 patients at the first, and in 246 patients at the second follow-

up, respectively. The mean values of the NLR were 3.06 ± 1.41, 4.18 ± 2.22, 3.57 ± 1.83, and 

3.19 ± 1.46, respectively. The distribution of the NLR results is displayed in Figure 9.10.  

 

Figure 9.10 Results of the distribution of the NLR at the baseline (NLR_1), at the end of RT course (NLR_2), at the 

first (NLR_3), and at the second follow-up (NLR_4). 
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 Platelet to lymphocyte ratio  

The platelet to lymphocyte ratio (PLR) was calculated as the quotient of absolute platelet count 

to absolute lymphocyte count and analyzed in 308 patients at baseline, in 293 patients at the 

end of radiotherapy, in 291 patients at the first, and in 246 patients at the second follow-up, 

respectively. The mean values of the PLR were 149.15 ± 63.37, 219.77 ± 101.59, 194.04 ± 

86.07, and 171.63 ± 70.69, respectively. The distribution of the PLR results is displayed in 

Figure 9.11.  

 

Figure 9.11 Results of the distribution of the PLR at the baseline (PLR_1), at the end of RT course (PLR_2), at the 

first (PLR_3), and at the second follow-up (PLR_4). 
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 C-reactive protein 

The c-reactive protein (CRP) was analyzed in 308 patients at baseline, in 293 patients at the 

end of radiotherapy, in 287 patients at the first, and in 247 patients at the second follow-up, 

respectively. The mean values of the CRP were 3.34 ± 9.83 mg/l, 2.96 ± 4.76 mg/l, 2.76 ± 4.09 

mg/l, and 2.73 ± 4.23 mg/l, respectively. The distribution of the CRP results is displayed in 

Figure 9.12. 

 

Figure 9.12 Results of the distribution of the CRP at the baseline (CRP_1), at the end of RT course (CRP_2), at the 

first (CRP_3), and at the second follow-up (CRP_4). 
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 Albumin 

Albumin was analyzed in 308 patients at baseline, in 247 patients at the end of radiotherapy, 

in 278 patients at the first, and in 244 patients at the second follow-up, respectively. The mean 

albumin values were 4.45 ± 0.24 g/dl, 4.32 ± 0.23 g/dl, 4.37 ± 0.25 g/dl, and 4.41 ± 0.28 g/dl, 

respectively. The distribution of the albumin results is displayed in Figure 9.13. 

 

Figure 9.13 Results of the distribution of the albumin at the baseline (Albumin_1), at the end of RT course 

(Albumin_2), at the first (Albumin_3), and at the second follow-up (Albumin_4). 
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 Fibrinogen  

Fibrinogen levels were analyzed in 239 patients at baseline, in 247 patients at the end of 

radiotherapy, in 275 patients at the first, and in 242 patients at the second follow-up, 

respectively. The mean fibrinogen values were 315.59 ± 62.58 mg/dl, 318.01 ± 58.35 mg/dl, 

323.04 ± 55.37 mg/dl, and 323,22 ± 56,40 mg/dl, respectively. The distribution of the fibrinogen 

results is displayed in Figure 9.14. 

 

Figure 9.14 Results of the distribution of the fibrinogen at the baseline (Fibrinogen_1), at the end of RT course 

(Fibringen_2), at the first (Fibrinogen_3), and at the second follow-up (Fibrinogen_4). 
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 Cholesterol 

Cholesterol levels were evaluated in 308 patients at baseline, in 248 patients at the end of 

radiotherapy, in 278 patients at the first, and in 245 patients at the second follow-up, 

respectively. The mean cholesterol values were 193.10 ± 44.780 mg/dl, 182.67 ± 42.359 mg/dl, 

191.15 ± 44.588 mg/dl, and 183.98 ± 45.491 mg/dl, respectively. The distribution of the 

cholesterol results is displayed in Figure 9.15. 

 

Figure 9.15 Results of the distribution of the cholesterol at the baseline (Cholesterol_1), at the end of RT course 

(Cholesterol_2), at the first (Cholesterol_3), and at the second follow-up (Cholesterol_4). 
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9.4 Cellular senescence measured by telomere length 

 Relative telomere length 

Relative telomere length (RTL) was evaluated in 257 patients at baseline, in 219 patients at 

the end of radiotherapy, in 210 patients at the first, and in 142 patients at the second follow-

up, respectively. The mean RTL values were 0.65 ± 0.34 kb, 0.62 ± 0.31 kb, 0.67 ± 0.43 kb, 

and 0.55 ± 0.26 kb, respectively. The distribution of the RTL results is displayed in Figure 9.16. 

 

Figure 9.16 Results of the distribution of the RTL at the baseline (RTL_1), at the end of RT course (RTL_2), at the 

first (RTL_3), and at the second follow-up (RTL_4) 
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9.1 Association between biochemical and clinical age-

related parameters 

The correlation analysis revealed a significant positive correlation between higher 

pretherapeutic NLR and higher GDS score (correlation coefficient 0,15, p=0.015) suggesting 

an association between the elevated inflammatory parameters and worse mood state. Also, 

higher initial NLR was associated with the higher comorbidity burden measured with CCI on 

the baseline (correlation coefficient 0.148, p=0.013). 

Pretherapeutic higher PLR significantly correlated with higher MNA at the baseline (correlation 

coefficient=0.180, p=0.0.003). Concerning CRP level, there was no significant association 

between pretherapeutic CRP levels and any of the clinical parameters measured with the tools 

of CGA.  

Furthermore, the albumin level negatively correlated with the GDS at the baseline (correlation 

coefficient=-0.126, p=0.043). Higher blood cholesterol significantly correlated with a better 

social situation assessed with SOS (correlation coefficient=0.129, p=0.032). Additionally, lower 

pretherapeutic cholesterol correlated with a longer time in TUG (correlation coefficient=-0.203, 

p=0.001) as well as with higher initial comorbidity status measured with CCI (correlation 

coefficient=-0.351, p<0.001). 

In addition, a higher pretherapeutic fibrinogen level correlated with higher IADL score 

(correlation coefficient=0.155, p=0.025) as well as with longer time needed for the completion 

of TUG (correlation coefficient=0.156, p=0.027. Moreover, initial MNA negatively correlated 

with pretherapeutic RTL (correlation coefficient -0.185, p=0.005; Figure 9.2). 

 CRP_1 Cholesterol_1 Fibrinogen_1 Albumin_1 NLR_1 PLR_1 RTL_1 

MMSE_1 

Correlation 
Coeffcient 

0,002 -0,082 0,038 0,018 -0,068 -0,070 -,068 

Sig. (2-
tailed) 

0,973 0,175 0,525 0,794 0,260 0,245 ,297 

N 277 277 277 210 278 278 235 

SOS_1 

Correlation 
Coeffcient 

0,080 -0,060 ,129* -0,073 -0,073 -0,018 -,111 

Sig. (2-
tailed) 

0,188 0,318 0,032 0,292 0,224 0,766 ,092 

N 275 275 275 209 276 276 233 

IADL_1 

Correlation 
Coeffcient 

-0,090 0,056 0,019 ,155* 0,013 0,043 -,066 

Sig. (2-
tailed) 

0,136 0,357 0,759 0,025 0,824 0,477 ,313 

N 276 276 276 209 277 277 234 
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 CRP_1 Cholesterol_1 Fibrinogen_1 Albumin_1 NLR_1 PLR_1 RTL_1 

GDS_1 

Correlation 
Coeffcient 

0,092 -,126* -0,019 -0,002 ,150* 0,095 ,010 

Sig. (2-
tailed) 

0,138 0,043 0,766 0,976 0,015 0,127 ,885 

N 259 259 259 192 261 261 219 

TUG_1 

Correlation 
Coeffcient 

0,082 -0,071 -,203** ,156* 0,083 0,046 -,100 

Sig. (2-
tailed) 

0,181 0,246 0,001 0,027 0,175 0,450 ,132 

N 269 269 269 203 270 270 227 

MNA_1 

Correlation 
Coeffcient 

-0,041 -0,034 0,086 -0,034 0,069 ,180** -,185** 

Sig. (2-
tailed) 

0,502 0,574 0,159 0,627 0,257 0,003 ,005 

N 270 269 269 203 270 270 227 

ADL_1 

Correlation 
Coeffcient 

-0,037 0,096 0,062 -0,073 0,048 0,086 -,011 

Sig. (2-
tailed) 

0,545 0,111 0,308 0,295 0,423 0,156 ,870 

N 276 276 276 209 277 277 234 

CCI_1 

Correlation 
Coeffcient 

0,087 0,011 -,351** 0,063 ,148* -0,048 ,042 

Sig. (2-
tailed) 

0,149 0,861 0,000 0,362 0,013 0,423 ,519 

N 278 278 278 210 280 280 236 

Table 9.2 Rho-Spearman correlations between the clinical parameters measured with GA tools on the baseline: 

Mini-Mental State Examination (MMSE_1), Assessment of Social Situation (SOS_1), Instrumental Activities of Daily 

Living (IADL_1), Geriatric Depression Scale (GDS_1),  Timed Up&Go (TUG_1)Mini Nutritional Assessment 

(MNA_1), Activities of daily living (ADL_1), Charlson comorbidity Index (CCI_1) an pretherapeutic laboratory 

parameters: C-reactive protein (CRP_1), cholesterol (Cholesterol_1), fibrinogen (Fibrinogen_1), albumin 

(Albumin_1), neutrophil-to-lymphocyte ratio (NLR_1), platelet-to-lymphocyte ratio (PLR_1) and relative telomere 

length (RTL_1) 
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9.2 Influence of radiotherapy on clinical conditions 

measured with GA tools 

 Changes in cognitive function measured with MMSE 

During the observation period, variance analysis revealed a significant increase in the results 

of the MMSE (p=0.002, Table 9.3). 

 

Total N 198 

Test Statistic 12,837 

Degree Of Freedom 2 

Asymptotic Sig. 
(2-sided test) 

,002 

Table 9.3 Related-Samples Friedman's Two-Way Analysis of Variance by Ranks Summary Figure for MMSE results 

In addition, pairwise comparisons showed a significant improvement in cognitive function at 

the second follow-up when compared to the baseline (p=0.004, Table 9.4)  
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Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

MMSE_1-
MMSE_2 

-,189 ,101 -1,884 ,060 

MMSE_1-
MMSE_3 

-,288 ,101 -2,864 ,004 

MMSE_2-
MMSE_3 

-,098 ,101 -,980 ,327 

Table 9.4 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for MMSE results. 

A significant difference was detected between baseline (MMSE_1) and second follow-up (MMSE_3) 

 Changes in social situation  

During the observation period, a significant decrease in the results of the SOS was observed 

(p<0.001,Table 9.5) suggesting a negative influence of RT for PCa on the social situation. 

 

Total N 223 

Test Statistic 35,803 

Degree Of Freedom 2 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.5 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for SOS results 

In addition, pairwise comparisons showed a significant decline in the results of the SOS at the 

first follow-up when compared to the baseline (p<0.001, Table 9.6) as well as a significant 



Katarzyna Paal page 59 

decline in social situation between the second follow-up and baseline (p<0.001). A significant 

difference between the first and second follow-up investigation was not detected (p=0.478). 

 

Sample 1-
Sample 2 

Test Statistic Std. Error Std. Test  Sig. 

SOS_3-
SOS_2 

,067 ,095 ,710 ,478 

SOS_3-
SOS_1 

,464 ,095 4,901 ,000 

SOS_2-
SOS_1 

,397 ,095 4,191 ,000 

Table 9.6 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for SOS results. A 

significant difference was detected between baseline (SOS_1) and first follow-up (SOS_2) as well as between 

baseline (SOS_1) and second follow-up (SOS_3) 

 Changes in activities of daily living measured with ADL and IADL 

During the observation period, a significant difference in result distribution with a tendency to 

the functional decline could be detected for IADL (p=0.005, Table 9.7), however, there was no 

significant changes in IADL in pairwise comparisons (p>0.05 for all comparisons, Table 9.9). 

There was no significant change in the ADLs measured at three points of time in the study 

(p=0.674, Table 9.8) 
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Total N 224 

 Test Statistic 10,551 

Degree Of Freedom 2 

Asymptotic Sig. (2-sided 
test) 

,005 

Table 9.7 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for IADL results 

 

 

Total N 230 

Test Statistic ,788a 

Degree Of Freedom 2 

Asymptotic Sig. (2-sided 
test) 

,674 

Table 9.8 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for ADL results 
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Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

IADL_3-
IADL_2 

,085 ,094 ,898 ,369 

IADL_3-
IADL_1 

,150 ,094 1,583 ,113 

IADL_2-
IADL_1 

,065 ,094 ,685 ,493 

Table 9.9 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for IADL results. 

No significant difference was detected between baseline (IADL_1) and first follow-up (IADL_2) and second follow-

up (IADL_3) 

 Changes in mood measured with GDS 

During the observation period, a significant increase in the results of the GDS was observed 

(p<0.001, Table 9.10) suggesting a worsening of the mood in our patients. 

 

Total N 217 

Test Statistic 16,283 

Degree Of Freedom 2 

Asymptotic Sig.(2-sided 
test) 

,000 

Table 9.10 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for GDS results 
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In addition, pairwise comparisons showed a significant increase in the results of the GDS at 

the second follow-up when compared to the baseline (p=0.001,Table 9.11) implying a decline 

in a mood state as well as a significant mood worsening between the first and the second 

follow-up (p=0.033). A significant difference between the baseline and the first follow-up 

investigation was not detected (p=0.259). 

 

Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

GDS_1-
GDS_2 

-,108 ,096 -1,128 ,259 

GDS_1-
GDS_3 

-,313 ,096 -3,264 ,001 

GDS_2-
GDS_3 

-,205 ,096 -2,136 ,033 

Table 9.11 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for GDS results. 

A significant difference was detected between baseline (GDS_1) and second follow-up (GDS_2) as well as between 

first (GDS_2) and second follow-up (GDS_3) 
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 Changes in mobility measured with TUG 

During the observation period, there was no overall significant change in the mobility measured 

with TUG in all three assessments (p=0.099, Table 9.12) 

 

Total N 192 

Test Statistic 4,620a 

Degree Of Freedom 2 

Asymptotic Sig.(2-sided 
test) 

,099 

Table 9.12 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for TUG results 

However, a pairwise comparison revealed a significant improvement in TUG in the first follow-

up comparing to the baseline (p=0.032, Table 9.13). A significant difference could not be 

detected in the second follow-up when compared to the baseline (p=0.251) and first follow-up 

(p=0.320). 

Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

TUG_2-
TUG_3 

-,102 ,102 -,995 ,320 

TUG 2-
TUG_1 

,219 ,102 2,143 ,032 

TUG 3-
TUG_1 

,117 ,102 1,148 ,251 

Table 9.13 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for TUG results. 

A significant difference was detected between baseline (TUG_1) and first follow-up (TUG_2). There was no 

statistically significant difference between the baseline (TUG_1) and second follow-up (TUG_3) as well as between 

first (TUG_2) and second follow-up (TUG_3) 
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 Changes in nutritional status measured with MNA 

During the observation period, a significant difference in the results of the MNA was observed 

(p<0.001, Table 9.14.). 

 

Total N 219 

Test Statistic 22,094 

Degree Of Freedom 2 

Asymptotic Sig.(2-sided 
test) 

,000 

Table 9.14 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for MNA results 

In addition, pairwise comparisons showed a significant decline in the results of the MNA at the 

first and second follow-up when compared to the baseline (p=0.001, p<0.001, respectively).  A 

significant difference between the first and second follow-up investigation was not detected 

(p=0.445, Table 9.15). 

 

Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

MNA_3-
MNA_2 

,073 ,096 ,765 ,445 

MNA_3-
MNA_1 

,400 ,096 4,181 ,000 

MNA_2-
MNA_1 

,326 ,096 3,416 ,001 

Table 9.15 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for MNA results. 

A significant difference was detected between baseline (MNA_1) and second follow-up (MNA_2) as well as between 

the baseline (MNA_1) and second follow-up (MNA_3). 
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 Changes in comorbidities measure with CCI 

During the observation period, there was no significant change in the comorbidity status 

measured with CCI in all three assessments (p=0.481, Table 9.16) 

 

Total N 229 

Test Statistic 1,463a 

Degree Of Freedom 2 

Asymptotic Sig. 
(2-sided test) 

,481 

Table 9.16 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for CCI results 

9.3 Influence of radiotherapy on chronic inflammation 

 Neutrophil to lymphocyte ratio (NLR) 

During the observation period, variance analysis revealed a significant difference in the results 

of the NLR (p<0.001, Table 9.17). 

 

Total N 228 

Test Statistic 133,065 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.17 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for NLR results 

  



Katarzyna Paal page 66 

In addition, pairwise comparisons showed a significant increase in the results of the NLR at 

the end of RT course and in the first follow-when compared to the baseline (p<0.001, for both 

comparisons, Table 9.18) as well as a significant decrease of NLR between in the first and 

second follow-up when compared to the end of the RT course (p< 0.001 for both comparisons). 

Moreover, a significant decrease in NLR could be detected between the first and second follow-

up (p<0.001). A significant difference between the baseline and the second follow-up was not 

detected (p=0.103). 

 

Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

NLR_1-
NLR_4 

-,197 ,121 -1,632 ,103 

NLR_1-
NLR_3 

-,656 ,121 -5,423 ,000 

NLR_1-
NLR_2 

-1,279 ,121 -10,574 ,000 

NLR_4-
NLR_3 

,458 ,121 3,791 ,000 

NLR_4-
NLR_2 

1,081 ,121 8,941 ,000 

NLR_3-
NLR_2 

,623 ,121 5,151 ,000 

Table 9.18 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for 

neutrophiles/lymphocytes ratio). A significant difference could be detected between the baseline (NLR_1) and all 

following laboratory controls (NLR_2, NLR_3 and NLR_4) as well as between at the end of RT (NLR_2) and both 

follow-ups (NLR 3 and NLR_4), and between the first (NLR_3) and second (NLR _4) follow-up 
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 Platelet to lymphocyte ratio (PLR) 

During the observation period, variance analysis revealed a significant difference in the results 

of the PLR (p<0.001, Table 9.19). 

 

Total N 228 

Test Statistic 133,065 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.19 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for PLR results 

In addition, pairwise comparisons showed a significant increase in the results of the PLR at 

the end of RT course, in the first, and second follow-up when compared to the baseline (p<001 

for all comparisons Table 9.20) There was also a significant decrease of PLR between in the 

first and second follow-up when compared to the end of the RT course (p<0.001 for both 

comparisons) as well as a significant decrease in PLR between the first and second follow-up 

(p<0.001). 
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Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

PLR_1-
PLR_4 

-,566 ,121 -4,687 ,000 

PLR_1-
PLR_3 

-1,138 ,121 -9,429 ,000 

PLR_1-
PLR_2 

-1,790 ,121 -14,840 ,000 

PLR_4-
PLR_3 

,572 ,121 4,741 ,000 

PLR_4-
PLR_2 

1,225 ,121 10,153 ,000 

PLR_3-
PLR_2 

,653 ,121 5,411 ,000 

Table 9.20 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for 

platelets/lymphocytes ratio. A significant difference could be detected between the baseline (PLR_1) and all 

following laboratory controls (PLR_2, PLR_3 and PLR_4) as well as between at the end of RT (PLR_2) and both 

follow-ups (PLR 3 and PLR_4), and between the first (PLR_3) and second (PLR _4) follow-up 
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 C-reactive protein (CRP) 

During the observation period, variance analysis revealed no significant differences in the 

results of the CRP (p=0.455, Table 9.21). 

 

Total N 227 

Test Statistic 2,612a 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,455 

Table 9.21 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for CRP results 

 Albumin 

During the observation period, variance analysis revealed a significant difference in the results 

of the albumin level (p=0.000, Table 9.22). 

 

Total N 192 

Test Statistic 64,522 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.22 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for albumin results 

In addition, pairwise comparisons showed a significant decline in the results of albumin level 

at the end of RT course, and in the first follow-up when compared to the baseline (p=0<001 

and p=0.001, respectively, Table 9.23) There was also a significant recovery in albumin levels 

between in the first and second follow-up when compared to the end of the RT course (p<0.001 

for both comparisons) as well as an increase in albumin between the first and second follow-

up (p=0.024) A significant difference between the baseline and the second follow-up could not 

be detected (p=0.244). 
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Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

Albumin_2-
Albumin_3 

-,466 ,132 -3,538 ,000 

Albumin_2-
Albumin_4 

-,763 ,132 -5,791 ,000 

Albumin_2-
Albumin_1 

,917 ,132 6,957 ,000 

Albumin_3-
Albumin_4 

-,297 ,132 -2,253 ,024 

Albumin_3-
Albumin_1 

,451 ,132 3,419 ,001 

Albumin_4-
Albumin_1 

,154 ,132 1,166 ,244 

Table 9.23 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for albumin). A 

significant difference could be detected between the baseline (Albumin_1) and the end of RT course, and first 

follow-up (Albumin_2, Albumin_3) as well as between at the end of RT (Albumin_2) and both follow-ups (Albumin_3 

and Albumin_4), and between the first (Albumin_3) and second (Albumin_4) follow-up 

 Fibrinogen 

During the observation period, variance analysis revealed a significant difference in the results 

of the fibrinogen level (p<0.001, Table 9.24). 

 

Total N 165 

Test Statistic 30,394 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.24 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for fibrinogen results 
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In addition, pairwise comparisons showed a significant increase in the results of fibrinogen 

level in the first and second follow-up when compared to the baseline (p=0<001 for both 

comparisons, Table 9.25), as well as a significant increase of fibrinogen between the end of 

RT and first and second follow-up (p=0.039 and p=0.02, respectively. There also a nearly 

significant increase in fibrinogen level between the baseline and the RT of the RT course 

(p=0.58). A significant difference in fibrinogen level could not be found between the first and 

second follow-up (p=0.277). 

 

Sample 1-
Sample 2 

Test Statistic Std. Error 
Std. Test 
Statistic 

Sig. 

Fibrinogen_1-
Fibrinogen_2 

-,270 ,142 -1,897 ,058 

Fibrinogen_1-
Fibrinogen_3 

-,564 ,142 -3,966 ,000 

Fibrinogen_1-
Fibrinogen_4 

-,718 ,142 -5,053 ,000 

Fibrinogen_2-
Fibrinogen_3 

-,294 ,142 -2,068 ,039 

Fibrinogen_2-
Fibrinogen_4 

-,448 ,142 -3,155 ,002 

Fibrinogen_3-
Fibrinogen_4 

-,155 ,142 -1,087 ,277 

Table 9.25 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for fibrinogen 

values. A significant difference could be detected between the baseline (Fibrinogen_1) and both follow-ups 

(Fibrinogen_3 and Fibrinogen_4) as well as between at the end of RT (Fibrinogen_2) and both follow-ups 

(Fibrinogen_3 and Fibrinogen_4) 
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 Cholesterol 

During the observation period, variance analysis revealed a significant difference in the results 

of the cholesterol level (p<0.001, Table 9.26). 

 

Total N 192 

Test Statistic 44,389 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,000 

Table 9.26 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for cholesterol results 

In addition, pairwise comparisons showed a significant decline in the results of cholesterol level 

at the end of RT and at second follow-up when compared to the baseline (p<0.001 for both 

comparisons, Table 9.27) as well as nearly significant decrease between of cholesterol 

between the baseline and first follow-up (p=0.058). There was also a significant decrease on 

cholesterol level between the first and second follow-up (p<0.001). Additionally, there was a 

significant increase of cholesterol between the end of RT and the first follow-up (p<0.001) 

There was no significant difference between the end of the RT and second follow-up (p=0.527).  
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Sample 1-
Sample 2 

Test 
Statistic 

Std. Error 
Std. Test 
Statistic 

Sig. 

Cholesterol_2-
Cholesterol_4 

-,083 ,132 -,632 ,527 

Cholesterol_2-
Cholesterol_3 

-,505 ,132 -3,834 ,000 

Cholesterol_2-
Cholesterol_1 

,755 ,132 5,732 ,000 

Cholesterol_4-
Cholesterol_3 

,422 ,132 3,202 ,001 

Cholesterol_4-
Cholesterol_1 

,672 ,132 5,099 ,000 

Cholesterol_3-
Cholesterol_1 

,250 ,132 1,897 ,058 

Table 9.27 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for cholesterol. A 

significant difference could be detected between the baseline (Cholesterol_1) and the end of RT course, and second 

follow-up (Cholesterol_2 and Cholesterol_4) as well as between at the end of RT (Cholesterol_2) and first follow-

up (Cholesterol_3), and between the first (Cholesterol_3) and second (Cholesterol _4) follow-up 
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9.4 Influence of radiotherapy on telomere length 

During the observation period, variance analysis revealed no overall significant difference in 

the results of the relative telomere length (RTL) (p>0.05, Table 9.28). 

 
 

Total N 56 

Test Statistic 5,76 

Degree Of Freedom 3 

Asymptotic Sig. 
(2-sided test) 

,124 

Table 9.28 Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks Summary for RTL results 

In addition, pairwise comparisons showed a significant decrease in RTL in second follow-up 

when compared to the baseline (p=0.048) and to the end of RT (p=0.40; Table 9.29), as well 

as a nearly significant decrease of PLR between the first and second follow-up (p=0.067) 

 
Sample 1-
Sample 2 

Test 
Statistic 

Std. Error 
Std. Test 
Statistic 

Sig. 

RTL_4-RTL_3 0,446 0,244 1,830 0,067 

RTL_4-RTL1 0,482 0,244 1,976 0,048 

RTL_4-RTL_2 0,500 0,244 2,049 0,040 

RTL_3-RTL_1 0,036 0,244 0,146 0,884 

RTL_3-RTL_2 0,054 0,244 0,220 0,826 

RTL_1-RTL_2 -0,018 0,244 -0,073 0,942 

Table 9.29 Pairwise comparisons of Related-Samples Friedman’s Two-Way Analysis of Variance for RTL. A 

significant difference could be detected between the baseline (RTL_1) and second follow-up (RTL_4) as well as 

between at the end of RT (RTL_2) and second follow-up (RTL_4). 
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 Discussion  

The aim of the present dissertation was to examine the influence of curative radiation therapy 

for prostate cancer on ageing-related biochemical, molecular, and clinical alterations. The 

analyses focussed on investigating whether curative radiation therapy administered to a small 

body area affects the ageing process and whether individuals treated with radiotherapy are at 

an elevated risk of accelerated ageing as a result of the cancer treatment they receive. 

Most published papers addressing the problem of accelerated ageing after cancer therapy 

primarily concentrate on cohorts of paediatric patients with a very long follow up time. Given 

that the aggressive paediatric malignancies frequently require multimodal, intensive cancer 

treatment, it is challenging to distinguish between the effects of the different therapy modalities.  

Additionally, findings from cohorts of childhood cancer survivors cannot be translated to the 

changes observed in adults, given the significant biological differences between these patient 

groups regarding the physical and functional development of body systems, as well as the 

different repair and recovery potential between the two groups.  

As the majority of malignant diseases occur in adults, with 50% of them in patients aged 65 

years and older, there is a need for research on the influence of cancer therapy on ageing in 

patients in whom the ageing process is already advanced (162). Despite careful consideration 

of all clinical parameters, cancer therapy may disrupt metabolic balance and lead to 

deterioration in objectively measured and subjectively reported well-being and health. 

Therefore, choosing a cohort of potentially frail patients could help answer questions about the 

dynamics of the ageing process.  

The present study was performed on a homogenous study cohort including 314 patients aged 

65-86 who had been treated with curative radiation therapy for localized prostate cancer. Our 

findings indicate that RT significantly contributes to the activation of the inflammatory process 

and cellular senescence as measured with telomere length. Additionally, we observed that RT 

has a significant impact on health status, as assessed through the domains of a CGA.   

10.1 Clinical alterations measured with tools of CGA 

The majority of GA results indicate an adverse effect of the administered cancer therapy on 

health domains measured with CGA tools. The underlying reasons for these negative changes 

are complex, however, the measurable alterations observed over a time span of 16-18 months 

suggest an accelerated ageing process resulting from the medical interventions received. 

 Cognitive alterations  

The influence of cancer treatment on cognitive capabilities has been an area of interest in 

previous research on cancer survivors’ populations, yielding conflicting results. While certain 

cross-sectional and prospective studies failed to demonstrate an association between cancer 

therapy and cognitive impairment, other studies indicate that the prevalence of cancer therapy-

related cognitive dysfunction ranges from 15 to 60%(163–165). Cancer therapy can also 

indirectly contribute to memory worsening by therapy-induced fatigue, altered glucose and lipid 

metabolism, worsened cardiovascular function, haematological changes, therapy-induced 
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chronic inflammation as well as treatment-associated psychological stress and anxiety. 

Chemotherapy-related cognitive difficulties impacting concentration and memory frequently 

arise during systemic therapy. This has led to the introduction of the term “chemo-brain”, that 

has been investigated in numerous trials(166–168).  

Cognitive decline has frequently been described as a protracted side effect in patients 

obtaining high-volume cranial irradiation.  Nevertheless, changes in memory have been 

documented in patients receiving non-cranial irradiation suggesting the activation of 

mechanisms that affect brain function possibly due to metabolic alterations. Therefore, RT may 

lead to decline in cognitive function for patients undergoing treatment in areas other than the 

cranial region(169,170). 

In our study cohort, we noted no significant changes in cognition after the completion of RT as 

measured by MMSE. However, we detected an improvement in cognitive function at the clinical 

control appointment conducted 15 months after the completion of the radiation course when 

compared to the baseline assessment performed prior to the initiation of RT.  

However, the majority of patients in our study cohort underwent neoadjuvant ADT administered 

before and during RT. Thus, a significant proportion of patients experienced androgen 

deprivation at the first and second memory assessment but not at the third assessment. It is 

established that treatments affecting sexual hormonal pathways sexual hormones pathways 

are associated with cognitive decline in breast and prostate cancer patients. For example, 

Ginty and colleagues presented convincing evidence highlighting the detrimental effects of 

ADT on cognitive function in prostate cancer patients (171). Given the negative impact of ADT 

on neurocognition, the discontinuation of ADT treatment in most patients may have contributed 

to an improvement of cognitive function.   

Moreover, research indicates that physical activity and exercises enhance memory function. 

In our clinic, all patients are advised to implement healthy habits in their daily lives, and health-

promoting behaviours such as regular exercise could have positively influenced cognitive 

function (172,173). As a significant percentage of our patients experienced weight gain 

associated with ADT, it is plausible that the termination of the ADT might have facilitated to 

return to their initial body weight after therapy that supported the patients to resume physical 

activity. 

 Social situation  

In our study cohort, the summary score summary score on the Nicolaus Scale for Social 

Situation applied to examine social situation decreased between decreased from the baseline 

assessment to the follow-up assessments at 3 months and 15 months after completion of 

radiation therapy indicating a decline in social situation.  

The Nicolaus Scale for Social situation comprises four domains related to social life: close 

family relationships, activities, housing situation, and economic circumstances. In the surveys, 

the economic and household situation of the patients remained unchanged. This is because 

the study was performed on a geriatric patient cohort, the majority of whom had long-term 

settlements and received stable financial support from the government. 
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Therefore, the domains that underwent alterations were those linked to social contacts and 

activities. Since oncological therapy involves and clinical check-ups associated with 

considerable travel time, especially for patients living in rural areas, the social situation of 

cancer patients may deteriorate during and after therapy. Additionally, therapy-related toxicity 

may pose an obstacle for social contacts and activities. The deterioration in social situation 

from baseline to the control 3 months after RT could largely attributed to the occurrence of 

radiation – induced toxicity, particularly genitourinary urgency that may lead patients prefer the 

comfort of their homes avoiding excessive physical stress. Furthermore, many patients 

reported ADT-connected toxicities as a limiting factor for initiating social contacts.  

There is a significant correlation between alterations in social situation and depression(174). 

Thus, a decline in social and individual activities could also have been caused by mood 

changes as described in the subsequent part of the discussion. Furthermore, the onset of the 

Covid-19 pandemic might have had a subtle impact on the results in this domain of the CGA. 

However, a vast majority of our study participants were recruited during the pandemic, and the 

control appointments took place when Covid-19 restrictions had already been eased. 

A pooled analysis of data form various studies showed that 45% of cancer patients experience 

significant social difficulties that encompass feelings of social isolation, reduced social 

activities, difficulties in meeting both work-related and not work-related obligations (175). 

Wright and colleagues documented the social problems covering areas such as managing at 

home, access to health and welfare services, finances, employment, legal matters, 

relationships, sexuality and body image, and recreation (176).  Knox and colleagues also 

revealed a substantial impact of cancer diagnosis and treatment on social consequences, 

particularly the increased risk of social isolation. In view the numerous alterations in several 

domains of the social situation (177), it should be increasingly considered to involve social 

workers into the comprehensive cancer therapy and aftercare. 

 Activities of daily living and mobility 

10.1.3.1 ADL / IADL 

Elderly people constitute a high percentage of cancer patients and many of them are eligible 

for an aggressive therapy in curative intention. Despite assessing the performance status of 

cancer patients as good, geriatric patients exhibit diminished metabolic and physiological 

capacities. Therefore, this patient group is at increased risk of developing severe treatment-

related toxicity, decline in overall heath, and a substantial reduction in their quality of life. This 

on turn may result in higher dependency on external help in performing the ADLs. According 

to previous studies, approximately 33%-50% of adults with cancer face challenges or need 

help in carrying out basic and instrumental ADLs (178). In a meta-analysis performed by Neo, 

the most frequently affected basic ADLs were personal hygiene, walking and transfers, while 

the instrumental ADLs most commonly affected included housework, shopping, and 

transportation (178). 

As maintaining of the independence is one of the goals in geriatric patients, there is a growing 

body of studies analysing the influence of cancer therapy on the activities of daily living and 

mobility in elderly patients. A meta-analysis performed by Neo revealed that about one-third of 
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adults with cancer display difficulties in carrying out ADLs and about a half needs assistance 

in performing IADLs(178).  

To date, there is a limited number of studies that specifically focus on the influence of cancer 

therapy on the dynamics of patients' independence. A study of Rier showed that approximately 

80% of geriatric patients receiving curative cancer treatment were able to maintain their IADL, 

whereas only 57% patients undergoing palliative therapy were able to sustain their IADL (179). 

A study of Hoppe revealed that 16,7% of older patients receiving systemic therapy experienced 

a functional decline after the therapy(180). Furthermore, a functional decline has been 

observed in patients with breast and prostate cancer after chemotherapy or hormone 

deprivation therapy(181,182).  

However, data on the influence of the RT on functional status are sparse. Ursem et al. reported 

a gradual lowering of the ADL score in patients undergoing RT for prostate cancer (183). 

Reduced functionality was also reported in patients obtaining thoracic RT. However, the effects 

of RT on heart and lung function cannot be separated from other components influencing 

patients’ ability to perform the ADLs. Nevertheless, RT could lead to the activation of subclinical 

inflammatory process potentially resulting in a decrease in observed strength and reduced 

ability to carry out ADLs. 

 

In our study cohort, we did not observe significant alterations in the capability to perform basic 

ADL. This might be explained by a high baseline ADL score achieved by most patients at 

baseline and the relatively moderate toxicity associated with RT for prostate cancer.  

In contrast, our results show a slight decline concerning the instrumental ADL during the 

observation time. This finding could be explained by a greater involvement of patients' families 

in addressing the daily requirements encompassed in IADLs.  

10.1.3.2 Mobility 

In our study, we observed a significant shorter time for the TUG at the control appointment 3 

months after the RT in comparison to the time needed at the pretherapeutic assessment. In 

addition, comparisons between the first and second follow-up examination, as well as between 

the baseline and the second follow-up examination did not show a significant difference in the 

time needed in TUG assessment. These results are in contrast to previous studies 

investigating mobility and muscle strength in cancer patients undergoing cancer directed 

therapy.  

For instance, McMcrary et al. described an association between chemotherapy-induced 

polyneuropathy and mobility deficits in a group of 100 patients (184). Furthermore, Clay et al 

detected a negative effect of ADT on physical function and walking speed (185). Alibhai et al. 

reported a decline of physical function measured with grip strength and 6MWT in prostate 

cancer patients receiving ADT, however, significant changes in the TUG score were not 

detected(186).   

Nevertheless, there is currently no study on the influence of RT on mobility. The improvement 

in the TUG observed in our study, from baseline to the assessment three months after RT, 
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could potentially be attributed to changes in stool and urinary habits resulting from radiation-

induced side effects. However, further research is needed to confirm or refute our findings. 

 Depression 

Due to the psychological stress and substantial toxicity commonly associated with cancer 

diagnosis and treatment, cancer patients are at high risk of developing depression. The 

prevalence of depression in cancer patients is estimated to be up to three times higher than 

that in the general population (187). For instance, a meta-analysis of Watts showed a high 

prevalence of pre-treatment, in-treatment and post-treatment depression and anxiety in 

prostate carcinoma patients (188). In a trial performed by Chhatre et al., median depression 

scores increased at 6, 12 and 24 months in prostate cancer patients undergoing AS, RPE, and 

RT. Furthermore, depression was associated with a regret score concerning treatment 

decisions (189).  An additional study by g et al. showed that a shared decision-making during 

therapy planning might have a protective effect against mood alterations (190).  

Furthermore, administration of ADT has been linked with the development of depression 

(191,192). ADT may lead to persistent erectile disorders and heat flushes which may strongly 

negatively influence quality of life  (193). Furthermore, administration of ADT may cause weight 

gain and loss of muscle mass, this, in turn, can alternate patients’ self-perception and worsen 

the mood(194). However, the latency time from the initiation of ADT and begin of depression 

is unknown, similarly, it is not easy to estimate the persistent activity of completed ADT. 

The GDS analysis in our study showed a significant worsening of mood between the initiation 

of RT and the control appointment 3 months after radiation therapy. Moreover, a further 

significant worsening was found 15 months after completion of radiation therapy when 

compared to the assessment 3 months after RT.  

In our cohort, most patients received neoadjuvant ADT starting 6 months before the start of 

radiation therapy. The gradual increase in GDS scores within our cohort can therefore be 

explained by a combination of factors, including the effects of ADT treatment and its side 

effects, acute and late toxicity induced by radiation therapy, and alterations in everyday habits. 

 Nutritional assessment 

Cancer and cancer treatment can induce malnutrition. Symptoms associated with cancer, such 

as loss of appetite, pain, bloating, gastrointestinal impairment, nausea, and emesis can lead 

to reduced food intake and weight loss. Cancer therapy often causes alterations in taste, 

nausea, fatigue, and difficulties in chewing and swallowing contributing to a further decrease 

of body muscle and fat mass(195,196). Additionally, factors such as severe health decline, 

psychological problems, and excessive medication can alter eating habits (197). Therefore, 

close attention should be paid to the nutritional status of patients before the initiation of cancer 

treatment, particularly intensive curative treatment modalities (198). 

Qualitative and quantitative inappropriate intake of nutrients may result in the loss of fat and 

non-fat body tissue and lead to sarcopenia and development of a frail body phenotype.  This 

in turn may lead to the self-perceived decline of muscle strength, generalized muscle 

weakness and reported self-assessed general health condition.  
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In our study, the nutritional status was assessed using the mini nutritional assessment (MNA) 

which includes questions about health issues influencing weight, current diet and medications 

intake, measurement of the circumference of arm and calf as well as the analysis patients’ 

perception of their own health. A small number of patients was classified as malnourished, 

however, the majority exhibited a normal nutritional status. Although the mean value of the 

score was in the normal value 

However, a significant decrease in the MNA score was detected between the baseline and two 

reassessments 3 and 15 months after radiation therapy, respectively. This decline in scores 

which still remains above the malnutrition cut-off, may be attributed to muscle loss which was 

frequently mentioned by patients during follow-up appointments. In addition, treatment-related 

toxicity could increase the number of taken medications as well as negatively influence the 

self-perceived health status leading to a decrease in MNA score. Pre-radiation therapy 

instructions, emphasizing a balanced diet and adequate hydration, could positively influence 

patients' nutritional decisions after completion of therapy.  

 Charlson Comorbidity Index 

Given that the average age of prostate cancer diagnosis is 67 years, it is very likely that a vast 

majority of patients suffers from at least one comorbidity (199,200). Age related diseases may 

adversely affect the performance status of geriatric patients and need to be strongly 

considered when choosing an appropriate therapy (201). 

The development of new diseases during oncologic therapy can be classified into two 

categories: those arising from predisposing factors, for example the occurrence of another 

malignancy shortly after the first cancer diagnosis, and those resulting from a depletion of 

metabolic reserve during cancer therapy.  

Nevertheless, comorbidity burden has been associated with the progression of ageing 

processes. Chronic diseases such as congestive heart failure, history of myocardial infarction, 

arthritis, peripheral vascular disease, diabetes, hypertension, chronic obstructive lung disease, 

and depression have been associated with frailty among elderly. An elevation of the 

comorbidity burden in the course of a malignant disease due to occurrence of new metastases 

may therefore contribute to developing a frail phenotype and accelerate the biological ageing.  

In our study, we did not detect a significant change in the comorbidity index during the 

observation time. Although our study showed no changes in comorbidity status, a more 

extended follow-up emphasizing the association between comorbidity status and major 

endpoints will provide further insight into the prognostic value of CCI.   

10.2 Biochemical parameters of chronic inflammation 

The observed values of the biochemical markers of ageing as well as their dynamics from the 

baseline, through RT, and during follow-up provide valuable insights into the role of radiation 

treatment for the initiation of an inflammatory response.  
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 C-reactive protein 

CRP represents an indicator of inflammation, with heightened CRP levels commonly observed 

during acute inflammation caused by infection, trauma, or other factors. In addition, elevated 

CRP levels are also observed in individuals suffering from chronic diseases such as diabetes 

mellitus, coronary disease, arterial hypertonus or chronic renal disease indicating a chronic 

inflammatory response (202–205). High CRP levels have been associated with worse physical 

performance, decreased cognitive function, and poorer survival (104,206–208). For instance, 

in a cohort of high-functioning elderly patients, elevated levels of CRP have been identified as 

an independent risk factor associated with an over 2-fold increased risk of death(104). 

Therefore, the association between chronic inflammation and premature ageing continues to 

be a subject of many studies.  

Increased CRP levels reflect a high metabolic activity and turnover and can also be observed 

in the course of radiation therapy, particularly in cases involving large tumour volumes or 

concurrent chemotherapy (209,210). 

In our study cohort, we did not observe any significant dynamics in the CRP level between the 

baseline and other observation points. Although some patients showed a higher CRP level 

which was not caused by an infection or injury, RT did not significantly influence the CRP 

levels.   

 Fibrinogen  

Fibrinogen, a 340-kDa glycoprotein, is one of the most important coagulation factors and also 

displays a proinflammatory activity. There is a body of evidence suggesting a pivotal role of 

fibrinogen in acute as well as in chronic inflammatory reaction (211). An increased expression 

of fibrinogen has been observed in several malignant and non-malignant diseases such as 

multiple sclerosis, Alzheimer's disease, rheumatoid arthritis, bacterial infection, colitis, lung 

and kidney fibrosis, and Duchenne muscular dystrophy (211).  

In addition, increased fibrinogen expression has been demonstrated in various tumours, 

influencing tumour growth, progression, angiogenesis, and the metastatic spread of malignant 

cells.  The elevated levels of fibrinogen detected in cancer patients may result from tumour-

associated cytokines or increased fibrinogen synthesis by the tumour cells (212). 

An increase of fibrinogen levels has also been observed in ageing individuals, correlating with 

the ageing process and age-related conditions. Welstead and other authors described an 

association between elevated fibrinogen levels and frailty (213,214). Further investigations 

have also linked higher fibrinogen levels with the occurrence of frailty or comorbidities during 

long-term follow-ups (215,216).  

Although the data regarding the influence of radiation therapy on fibrinogen synthesis is 

sparse, ionizing radiation along with infection or physical injury remains a significant trigger for 

the inflammation process and the release of inflammatory cytokines.  

In our study, patients exhibited a marginally significant increase in blood fibrinogen levels 

during the course of radiotherapy. In addition, we detected a significant increase in fibrinogen 

levels at the follow-up examinations 3 and 15 months after radiation therapy when compared 
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to baseline. These results suggest that radiation therapy has an effect on triggering a chronic 

inflammatory process that persists beyond the completion of RT over an extended observation 

period. These results support the hypothesis that RT could contribute to an acceleration of 

ageing by initiating a systemic inflammatory process.  

 Albumin and Cholesterol 

Low serum cholesterol and albumin levels have been proposed as indicators of subclinical 

chronic inflammation and/or dysregulation in inflammatory processes that contribute to an 

“ageing” phenotype and have been linked with functional decline (102,217–219). Additionally, 

hypoalbuminemia has been associated with a higher risk of all-cause mortality. Even in the 

group of patients with normal albumin levels (35-50 g/L) (107,220), investigators found a 

graded increase in all-cause mortality from patients with highest normal compared with lowest 

normal values (107). 

10.2.3.1 Albumin 

Albumin is a blood serum protein, which is decreased due to nutritional deficiencies, 

malabsorption, or as a consequence of acute or chronic inflammatory diseases (217). Acute 

and chronic inflammatory diseases can result in a loss or increased turnover of serum proteins, 

particularly by altering hepatic protein metabolism and inducing capillary leakage. Eckart and 

colleagues associated elevated inflammatory parameters with hypoalbuminemia in patients 

with acute illness (221). In chronic inflammatory diseases such as chronic renal failure, 

elevated inflammatory parameters have also been associated with hypoalbuminemia (222). 

The presence of hypoalbuminemia in cancer patients has been correlated with an 

unfavourable prognosis, indicating that a deficiency in serum proteins is linked to impaired 

recovery capabilities (223).  

A decline in serum albumin during advanced age was observed in both genders and this finding 

was unrelated to the overall health status (224). Among hospitalized elderly individuals, up to 

90% of patients were reported to have hypoalbuminemia (225) indicating that 

hypoalbuminemia is a component of the physiological ageing process. 

Hypoalbuminemia was associated with sarcopenia in elderly patient. In numerous publications, 

lower serum albumin levels were found in individuals who displayed clinical signs sarcopenia 

(226)Other research has linked hypoalbuminemia not only with sarcopenia but also with frailty 

(227).  

Thus, reduced serum albumin levels may be connected to an accelerated ageing process, 

leading to limited compensatory capacity and unfavourable outcomes in severe oncological 

and non-oncological conditions. 

In our cohort, we detected a decline of serum albumin levels from the baseline assessment to 

the evaluation at the completion of radiation therapy. This indicates that radiation therapy 

induces an activation of inflammatory processes. The notable increase in albumin levels post-

radiation therapy underscores the capacity for the metabolic reserve in our patients to renew. 

However, a significant difference persisted between the first measurement and the 

assessment three months after radiation therapy. A further recovery became apparent 15 

months post-radiation resulting in a insignificant distinction between the baseline and this 
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subsequent blood evaluation. This observation suggests that the reduction in albumin levels 

is transient and potentially modifiable. 

Until now, there has been no study analysing the impact of radiation therapy on serum albumin 

levels. Findings from our study cohort imply that RT may play a role in triggering the 

inflammatory process in prostate cancer patients, leading to a moderate reduction in metabolic 

reserve. 

10.2.3.2 Cholesterol 

The cholesterol levels observed in our cohort showed a significant decline during the course 

of RT, followed by a significant recovery between the end of RT and the first follow-up. 

Furthermore, there was a significant decrease in cholesterol levels between the first and 

second follow-ups, along with an overall significant reduction in blood cholesterol from baseline 

to 15 months after completion of RT. We suppose that, similarly to the decline in albumin levels, 

RT triggers an inflammatory process, excessive utilization of body fat reserves, and only partial 

compensation for these processes in the elderly organism. Unlike the albumin level, the 

decrease in serum cholesterol appears not to be transient, as there was a significant drop in 

cholesterol levels between 3 and 15 months post- completion of RT.  

 

The decline in cholesterol levels observed in our cohort suggests a radiation-therapy induced 

reduction in metabolic reserves, possibly driven by inflammatory processes triggered by RT 

and therefore accelerated occurrence of ageing symptoms. Supporting this hypothesis, a 

cross-sectional study found that high blood cholesterol levels were associated with a lower risk 

of four frailty subtypes (228)Additionally, in a study conducted by Manieri et al., significantly 

lower cholesterol levels were observed in individuals with ageing-related conditions such as 

cognitive impairment, poorer somatic health, higher disability, and a higher level of malnutrition 

(229)These findings support our hypothesis regarding a link between biochemical changes 

induced by radiation therapy and the acceleration of ageing processes. 

 NLR and PLR 

NLR and PLR represent markers of chronic inflammation. Higher PLR and NLR scores are 

found in patients with heart failure, autoimmune diseases such as lupus and other 

inflammatory mediated conditions (230–232).  

Increased NLR and PLR also frequently indicate an underlying subclinical chronic inflammation 

linked to metabolic syndrome and cardiovascular diseases. In previous studies, an elevated 

NLR has been associated with the prevalence of components of metabolic syndrome (233). In 

addition, an elevated PLR has been recognized as an indicator of more severe coronary artery 

disease in patients experiencing stable angina pectoris (234).  

Additionally, elevated PRL and NLR have been correlated with physiological ageing as well as 

with age-related conditions.  For instance, increased NLR levels were found in a population 

study in a collective of elderly individuals (235). In addition, elevated NLR and PLR levels have 

been correlated with a lower grip strength, and sarcopenia (236–240) as well as with cognitive 

decline and frailty.  Furthermore, elevated NLR and PLR in postmenopausal women have been 
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correlated with lower bone (241). The data from these studies confirm the valuable role of PLR 

and NLR in monitoring age-related conditions.  

Additionally, numerous studies showed also a prognostic role of PLR and NLR on treatment 

outcome inpatients with cancer (155,242). In the studies analysing the role of PLR and NLR in 

malignancies, the elevated values of these parameters were associated with the secretory 

activity of cancer affecting coagulation as well as with the infiltration of cancer tissue with 

lymphocytes (243,244). In the most studies, the baseline values of NLR and PLR were 

analysed in order to predict the outcome in the patients.   

However, data on the dynamics of PLR and NLR in the course of oncologic therapy and follow-

up are sparse. In a previous study, a negative prognostic value of persistent elevated PLR and 

NLR levels 24-36 months after breast cancer treatment has been detected (245).  However, 

the influence of different treatment modalities on PLR and NLR levels has not yet been 

analysed.   

In our study we detected a significant increase of NLR from the baseline assessment to the 

end of the therapy course. Subsequently, a significant decline in NLR was evident. 

In terms of PLR, we noted a significant increase from the initiation of the therapy to the end of 

the therapy course. After the completion of RT, the PLR decreased, however, at the second 

follow-up assessment, the PLR remained significantly higher compared to baseline. 

The observed dynamics of PLR and NLR may reflect the different influence of RT on blood 

components. Lymphocytes are acknowledged as the most radiosensitive cells with up to 93% 

of patients receiving irradiation experiencing lymphopenia (246). The impact of RT on 

lymphocytes is not only associated with bone marrow volume, but also with the volume of 

blood and lymphatics within the radiation (239,247). Neutrophils seem to be less sensitive to 

radiation compared to lymphocytes. Platelets reduction is also observed in patients receiving 

radiation therapy (248); however, the use of IMRT showed a milder drop in thrombocytes 

compared to 3D conformal RT (249).  

Since our patients underwent irradiation in a small body area and the bone marrow's exhibits 

a high regenerative capacity, particularly over the long term, our results indicate that RT leads 

to the onset of inflammatory processes and the sustenance of minimal intrinsic inflammation 

levels thereafter. This supports the notion of radiation therapy potentially influencing the ageing 

process through inflammatory mechanisms.   

10.3 Telomere length 

In our cohort, we could observe a significant telomere attrition 15 months after RT compared 

to both baseline and the assessment conducted at the end of RT. Additionally, a significant 

shortening of telomere length was detected between the follow-up assessments at 3 and 15 

months post-treatment. Furthermore, although not statistically significant, there was a marginal 

increase in telomere length measured 3 months after the radiation therapy compared to both 

baseline and the completion of the radiation therapy course. 

The shortening of telomeres throughout lifespan and its relationship with ageing has 

extensively been described in the literature. Cellular senescence results in a progressive 
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reduction in telomere length leading to impaired tissue and organ functions commonly 

observed in ageing organisms.  Accelerated telomere attrition is observed in people 70 years 

and older (250) however, a deceleration of this process in physically healthy people over 90 

years suggests a potential predisposition for maintaining telomere length and preserving 

physical condition in certain long-living individuals (251). Telomere attrition has been well 

described in several longitudinal studies. For instance, Crocco and colleagues described a 

decrease of about 13.64% in leucocytes telomere length over a 7-years observation 

period(250).  

Telomere shortening can be accelerated by environmental factors such as psychological and 

physiological stress, cigarette smoking, obesity, and high homocysteine blood level (252). 

Furthermore, accelerated ageing was described in studies including childhood cancers 

survivors which suggest an influence of cancer therapy on ageing (253). Several studies 

described a correlation between cancer therapy and telomere shortening (253,254). However, 

the quality of data is heterogenous as many studies have only included small patients’ groups. 

In the studies analysing the impact of chemotherapy, there have been mixed findings, with 

some reporting no association while others indicate telomere shortening.  

However, there are studies describing contrasting effects of external noxes on the telomere 

length. A large observational study conducted in workers directly engaged in cleaning the 

contaminated areas around Chernobyl power plant after the nuclear catastrophe from 1986 

revealed a significant longer telomere in one group of the workers (255). The study describes 

that worker dealing with dirtier tasks connected to a higher exposure to radiation, had longer 

telomeres than workers responsible for tasks related to lower radiation exposure (255). The 

explanation of this phenomenon could be the activation of telomerase in the most exposed 

workers resulting with higher observed mean telomere length. However, the authors point out 

the unknown impact of other factors such as extensive alcohol and cigarette consume as well 

as chronic psychic stress which could also influence the obtained results. Furthermore, among 

the cancer patients, there is some evidence suggesting a lengthening of telomeres in the 

course of the anti-cancer therapy (256). In a cross-sectional study including patients with 

ovarian cancer treated with surgery and cis-platin based chemotherapy, telomeres were 

observed to be longer after therapy compared to baseline (257). In contrast, a longitudinal 

study conducted by Maeda et al. examined telomere shortening in 25 patients aged 52-83 

undergoing radiation therapy alone, showing no overall association (258). However, decrease 

in the proportion of short telomeres was detected with higher doses. 

There is also a row of studies describing the interaction between chronic inflammation and 

telomere length. A study performed on patients with depression revealed a significant 

correlation between elevated CRP values and telomere shortening (259). The relationship 

between chronic inflammation and telomere shortening is being described as a two-sided 

process by some authors. Most papers suggest a negative influence of chronic inflammation 

on telomere length, whereas a small body of evidence suggests the activation of chronic 

inflammation trough shortened telomeres and impaired cell function (260).  

To date, the results regarding the influence of external noxes on telomere shortening remain 

inconclusive. Our results suggest a moderate effect of radiation therapy on telomere recovery 

immediately following treatment, which did not reach statistical significance in our study cohort. 

However, the most intriguing observation is the prolonged, negative effect of ionizing radiation 
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on telomere length 15 months after treatment, indicating the activation of mechanisms leading 

to telomere attrition, potentially through the activation of chronic inflammatory processes. 

10.4 Correlations between laboratory and clinical 

parameters 

In our study, we detected several associations between age-related biomarkers and scores 

reached in various components of comprehensive geriatric assessment.  

For instance, an elevated NLR and decreased albumin levels were linked to a diminished mood 

status measured with GDS indicating an influence of the inflammatory status and metabolic 

reserve on mood.   

Furthermore, a pretherapeutic lower cholesterol level and an elevated fibrinogen level were 

associated with a longer time needed for the completion of the tasks of the TUG supporting 

the influence of sarcopenia and chronic inflammation on patient mobility.  

In contrast, a higher baseline cholesterol level significantly correlated with a better social 

situation suggesting a greater metabolic reserve that enables patients to maintain social 

contacts and pursue their hobbies.  

In our analyses, we also detected a significant correlation between an elevated NLR and an 

increased burden of comorbidities. This relationship can be attributed to the inflammatory 

background of many of the conditions assessed by the CCI, such as cardiovascular diseases, 

chronic soft tissue ailments, pulmonary disorders, and malignancies. 

We also observed a significant negative relationship between telomere length and nutritional 

status suggesting a pre-existing telomere erosion caused possibly by unhealthy nutritional 

habits, extensive pharmacy, recently experienced acute illness or worse general body 

condition manifested by worse self-perceived health status. 

The correlations observed between clinical and biochemical age-related parameters could 

contribute to identification of biologically older patients. However, future studies are necessary 

to confirm our findings. 

10.5 Strengths and limitations 

To the best of our knowledge, this study represents the first analysing the influence of small-

volume prostate cancer radiation therapy on clinical, biochemical and molecular ageing-related 

parameters. Major strengths of our study are its prospective design as well as the inclusion of 

such a large and homogeneous patient cohort resulting in a high level of scientific significance.   

To date, no previous studies on ageing have been performed including a comparable number 

of participants who obtained the same treatment regimen.  

Regarding radiation treatment for prostate cancer, nearly all patients received conventionally 

fractionated RT with the same single fraction dose of 2 Gy and total radiation dose ranging 

from 70 to 78 Gy. Patients treated with hypofractionated RT received an equivalent 
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radiobiologic radiation dose ranging from 68,4 to 72 Gy. Target volumes were defined 

according to current international guidelines, in addition, definition of set up margins as well as 

daily imaging were performed according to institutional internal guidelines. Furthermore, the 

planning procedure was performed by the same team of planning radiation technologist and 

physicist and volumetric modulated arc radiation therapy was applied in all patients.  

Furthermore, the clinical assessments and reassessments were performed by a group of four 

radiation oncologists trained in the same manner what implies a high quality and homogeneity 

of the obtained clinical data. The comprehensive geriatric assessment conducted 

encompassed included all crucial health domains, and the laboratory analyses focused on key 

haematological, biochemical and molecular parameters related to aging. Therefore, the data 

obtained enable a comprehensive analysis of changes in health status within the described 

patient group.  

The selected observation period following the completion of RT also allows a proper 

interpretation of the ageing alternations triggered by the treatment, as the 18-month timeframe 

is suitable for detecting significant changes in molecular, biochemical, and clinical parameters 

compared to those occurring naturally through ageing.  

Nevertheless, a few limitations of our study have to be taken into account. There may be a 

moderate selection bias in the study cohort that results from the preselection of the patients 

with prostate cancer in our region conducted by the urologist, who were referring the patients 

for the further treatment. For instance, patients with a strongly reduced general performance 

and patients with a limited life expectancy due to their advanced comorbidities were not 

referred to the RT at all and probably obtained ADT as the single treatment.   

Another potential drawback of our study is the longitudinal design with only one observed 

patients’ cohort. A Matched Pair Case-Control Study could possibly allow for a comparison 

between the dynamics of natural ageing and accelerated ageing in patients obtaining RT with 

or without ADT. Similarly, we lack the opportunity to compare our results with a group of 

patients undergoing exclusively surgical treatment or ADT for prostate cancer. Furthermore, 

attempting to construct a matching control group without malignancy could result in a strong 

selection bias and deliver unreliable data regarding patients’ health. Additionally, conducting 

an observational study involving prostate cancer patients who do not receive appropriate 

cancer therapy would lead to a high selection bias and lack ethical justification. 

In addition, a total of 64 patients was lost between the baseline second follow-up up. 

Nevertheless, the remaining observation cohort, consisting of over 200 patients, still meets the 

required number of individuals to maintain the significance level of our results. 

In summary, the size and homogeneity of our study cohort, as well as the prospective, 

observational design and the high quality of collected data, render our results highly significant 

and reliable. 
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 Conclusions 

The results obtained in the present study indicate that curative radiation therapy significantly 

affects the ageing process. Most of the clinical alterations identified reveal a significant 

negative impact of RT on the ageing process. Furthermore, our results indicate that the locally 

administered radiation therapy leads to the initiation of an inflammatory process within the body 

contributing to a reduction in metabolic reserve. We also detected a protracted shortening of 

telomeres suggesting that RT triggers ageing-processes through the enhancement of cellular 

senescence.  

In addition, biochemical parameters were significantly associated with ageing-related clinical 

conditions suggesting that laboratory markers could be used for the identification of fragile 

patients. However, additional studies are necessary before firm conclusions regarding the 

relationship between clinical conditions and biochemical parameters can be drawn.  

Nevertheless, it is essential to consider the impact of radiation therapy on accelerated ageing 

when deciding on the optimal cancer treatment, particularly for patients with compromised 

health status or those for whom there are medically equivalent alternatives.  
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 Appendix 

13.1 Activities of Daily Living (ADL) 
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13.2 Instrumental Activities of Daily Living (IADL) 
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13.3 Timed “Up & Go” (TUG) 
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13.4 Mini Nutritional Assessment (MNA) 

  Einteilung Punkte 

1 Hat der Patient einen verminderten Appetit? 

Hat er während der letzten 3 Monate wegen 

Appetitverlust, Verdauungsproblemen, 

Schwierigkeiten 

beim Kauen oder Schlucken weniger gegessen 

(Anorexie)? 

 

0 = schwere Anorexie 

1 = leichte Anorexie 

2 = keine Anorexie 

 

2 Gewichtsverlust in den letzten 3 Monaten 0 = Gewichtsverlust > 3 

kg 

1 = weiß es nicht 

2 = Gewichtsverlust 

zwischen 1 

und 3 kg 

3 = kein Gewichtsverlust 

 

3 Mobilität / Beweglichkeit 0 = vom Bett zum Stuhl 

1 = in der Wohnung 

mobil 

2 = verlässt die Wohnung 

 

4 Akute Krankheit oder psychischer Stress während 

oder letzten 3 Monate? 

 

0 = ja 

2 = nein 

 

5 Psychische Situation 0 = schwere Demenz oder 

Depression 

1 = leichte Demenz oder 

Depression 

2 = keine Probleme 

 

6 Körpermassenindex (Body Mass Index, BMI) 

(Körpergewicht / (Körpergröße)2, in kg/m2) 

0 = BMI <19 

1 = 19 ≤ BMI < 21 

2 = 21 ≤ BMI < 23 

3 = BMI ≥ 23 

 

 

  

Ergebnis Vor-Ananmnese (Teil1) 

 

 

7 Wohnsituation: Lebt der Patient unabhängig zu 

Hause? 

0 = nein 

1 = ja 

 

8 Medikamentenkonsum: Nimmt der Patient mehr als 

3 Medikamente (pro Tag)? 

0 = nein 

1 = ja 

 

9 Hautprobleme: Schorf oder Druckgeschwüre? 

 

0 = nein 

1 = ja 

 

10 Mahlzeiten: Wieviele Hauptmahlzeiten isst der 

Patientpro Tag? (Frühstück, Mittag- und 

Abendessen)? 

0 = 1 Mahlzeit 

1 = 2 Mahlzeiten 

2 = 3 Mahlzeiten 

 

11 Lebensmittelauswahl: Isst der Patient 

• mindestens einmal 

pro Tag Milchprodukte?                                   ja 

nein 

• mindestens ein- bis zweimal pro 

Woche Hülsenfrüchte oder Eier?                    ja nein 

0,0 = wenn 0 oder 1 mal 

«ja» 

0,5 = wenn 2 mal «ja» 

1,0 = wenn 3 mal «ja» 
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• jeden Tag Fleisch, Fisch 

oder Geflügel                                                  ja nein 

 

12 Isst der Patient mindestens zweimal pro Tag Obst 

oder Gemüse? 

0 = nein 

1 = ja 

 

13 Wieviel trinkt der Patient pro Tag? 

(Wasser, Saft, Kaffee, Tee, Wein, Bier…) 

 

 

 

 

 

0,0 = weniger als 3 Gläser 

/ 

Tassen 

0,5 = 3 bis 5 Gläser / 

Tassen 

1,0 = mehr als 5 Gläser / 

Tassen 

 

14 Essensaufnahme mit / ohne Hilfe 

 

 

 

 

 

0 = braucht Hilfe beim 

Essen 

1 = isst ohne Hilfe, aber 

mit 

Schwierigkeiten 

2 = isst ohne Hilfe, keine 

Schwierigkeiten 

 

15 Glaubt der Patient, dass er gut ernährt ist? 

 

 

 

 

 

 

0 = schwerwiegende 

Unter- 

/Mangelernährung 

1 = weiß es nicht oder 

leichte 

Unter-/Mangelernährung 

2 = gut ernährt 

 

16 Im Vergleich mit gleichaltrigen Personen schätzt 

der 

Patient seinen Gesundheitszustand folgendermaßen 

ein: 

 

 

0,0 = schlechter 

0,5 = weiß es nicht 

1,0 = gleich gut 

2,0 = besser 

 

17 Oberarmumfang (OAU in cm) 

 

 

0,0 = OAU < 21 

0,5 = 21 ≤ OAU ≤ 22 

1,0 = OAU > 22 

 

18 Wadenumfang (WU in cm) 

 

0 = WU < 31 

1 = WU ≥ 31 

 

  

Ergebnis Teil 1 

  

  

Ergebnis Teil 2 

  

  

Gesamtsumme 

  

 

≥ 24 Punkte: unauffällig 

 

17-23,5 Punkte : Risiko für Unterernährung 

 

< 17 Punkte: Unterernährung 
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13.5 Social Status and Support Survey (SOS) 
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13.6 Mini Mental State Examination (MMSE) 
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13.7 Geriatric Depression Scale (GDS) 
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13.8 Charlson Comorbidity Index (CCI) 
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