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ABSTRACT 
 

Curative radiotherapy for cancer may lead to severe late radiation tissue injuries (LRTI). 

However, limited knowledge exists about pelvic cancer survivors’ LRTI symptoms, distress 

and health-related quality of life (HRQOL). Hyperbaric oxygen therapy (HBOT) is an 

adjuvant therapy for LRTI, but has only been studied to a limited extent. The overall purpose 

of this thesis was therefore to provide an increased understanding of the symptom burden and 

HRQOL of cancer survivors undergoing HBOT for pelvic LRTI. 

Patients enrolled in the study were recruited from cancer survivors with pelvic LRTI assigned 

to the Norwegian National Unit for Planned Hyperbaric Oxygen Treatment. Here, participants 

received HBOT in a mono-place pressure chamber, breathing pure oxygen at a pressure of 2.4 

atmosphere absolute for 90 minutes once a day for six weeks. 

A mixed-methods approach with an explanatory sequential research design was adopted, 

whereby data was collected sequentially through self-reported questionnaires at baseline (T1), 

on completion (T2) and six months after HBOT (T3), and in-depth interviews were performed 

on completion of HBOT. 

Taking a quantitative approach with a descriptive cross-sectional research design, Paper 1 

studied the symptom burden, distress and HRQOL in survivors with established pelvic LRTI 

compared to norm populations, and the relation between these factors at baseline. Here, 107 

participants (mean age 64, 53% men) were included. Compared to norms, participants 

reported more urinary (mean 68.7 vs. 89.5; p=.00; d=1.4) and bowel symptoms (mean 62.5 

vs. 92.4; p=.00; d=2.7), increased psychological distress (mean 13.4 vs. 10.3; p=.00; d=0.6), 

and overall poorer HRQOL (mean 54.9 vs. 71.2; p=.00; d=0.7). A higher symptom burden 

and higher levels of psychological distress were associated with lower HRQOL (r2=46%), but 

psychological distress did not moderate the influence of symptoms on HRQOL.  
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Taking a qualitative approach with a phenomenological-hermeneutical research design, Paper 

2 explored how cancer survivors with pelvic LRTI experienced undergoing HBOT. Data was 

collected via in-depth interviews with 20 participants. The interviews were audiotaped, 

verbatim transcribed and analysed using Systematic Text Condensation. Four main themes 

emerged from the analyses to describe the participants’ experience of HBOT: 1) 

‘Approaching an unknown world’. This theme illuminated that, despite information prior to 

the treatment, informants were worried about, but highly motivated for HBOT; 2) ‘From 

feeling worried to becoming familiar’. This theme elaborated on HBOT as a process whereby 

a combination of relevant information, clear routines and person-centred care were important 

acceptance and coping factors during HBOT; 3) ‘A long lasting treatment course’. This theme 

showed that absence from home and social relations were acceptable, since meeting peer 

patients allowed a unique community to develop; and 4) ‘The treatment course went better 

than expected’. This theme elaborated on how most participants only experienced minor, 

temporary and highly tolerable side-effects of HBOT, where most participants described 

initial symptom relief during the treatment course. 

Taking a quantitative approach with a pre-test – post-test research design, Paper 3 studied the 

development of, and the associations between, symptoms of LRTI and HRQOL, with six-

months follow-up after HBOT. Ninety-five participants (mean age 65 years, 52.6% men) were 

included. Pelvic LRTI, overall HRQOL, and all function scales and the HRQOL symptom 

scales of sleep, diarrhoea, pain and fatigue improved significantly six months after treatment 

(P-range =0.00-0.04). Changes were already present on the completion of HBOT and were 

maintained or further improved up to follow-up at T3. Only a weak significant correlation 

between changes in symptoms and overall HRQOL was found (Pearson r-range 0.20-0.27).  

In addition to the results from the three papers, the merging of the quantitative and qualitative 

results provides increased, comprehensive and nuanced understanding and knowledge of the 
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participants’ situation at baseline and in the HBOT process, and the participants’ situation on 

completion of HBOT and at six-month follow-up. Here, the merged findings at baseline show 

that all areas of the participants’ lives were highly impaired, documented as a severe LTRI 

symptom burden, psychological distress and impaired HRQOL, whereby HBOT was 

expressed as a hopeful treatment opportunity. The qualitative data describing the HBOT 

process indicates that it was difficult for the participants to absorb the HBOT information 

provided before treatment. However, the participants adjusted quickly to the HBOT 

procedures, whereby the nurses’ follow-up and care were crucial. The long-lasting HBOT 

course away from daily life was to a certain degree outweighed by peer support. On 

completion of HBOT, the merged results indicated an improved symptom burden and 

improved HRQOL, and limited side-effects. At six-month follow-up, the quantitative results 

showed a further improvement from the end of HBOT in pelvic LRTI, and overall HRQOL. 

However, the participants still had pelvic LRTI and impaired HRQOL at follow-up. 

To the best of our knowledge this is the first mixed-methods study which studies the entire 

process of pelvic LRTI and HRQOL of cancer survivors with pelvic LRTI undergoing HBOT. 

The knowledge gained from this thesis illustrates the need for increased competence and 

education of healthcare professionals about pelvic LRTI, the importance of systematic 

assessment of pelvic LRTI symptoms and HRQOL after radiation, proper symptom 

management, and educating survivors in adequate symptom management and coping skills. 

Furthermore, the results provide strong evidence that cancer survivors with pelvic LRTI and 

impaired HRQOL may benefit from undergoing HBOT. In particular, reduced symptom 

severity and improved social and role function may influence daily living positively. Even if 

the results from this study cannot be generalised, the results do provide important knowledge 

in a field that has only been studied to a limited extent, and an important basis for clinical 

practice and further research.  
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SAMMENDRAG 
 

Kurativ strålebehandling for kreft kan føre til alvorlige vevsstråleskader (LRTI). Det finnes 

imidlertid begrenset kunnskap om bekkenkreft-overleveres LRTI symptomer, psykisk 

belastning og helse-relatert livskvalitet (HRQOL). Hyperbar oksygenbehandling (HBOT) er 

en adjuvant, men lite studert, behandling for LRTI symptomer. Derfor var det overordnede 

formålet med denne studien å få økt forståelse av symptombyrde og HRQOL hos kreft-

overlevere som gjennomgår HBOT for stråleskader i bekkenet.  

Pasienter som ble inkludert i studien ble rekruttert fra kreft-overlevere med bekken LRTI 

henvist til Norsk Nasjonal Enhet for Planlagt Hyperbar Oksygenbehandling. Her ble 

deltakerne behandlet med HBOT i enmannstrykkammer, og pustet rent oksygen ved et trykk 

på 2.4 atmosfære absolutt i 90 minutter en gang daglig i seks uker. 

En mixed-metode med et forklarende sekvensielt forskningsdesign ble benyttet. Data ble 

samlet inn sekvensielt ved hjelp av selvrapporterte spørreskjemaer på baseline (T1), ved 

avslutning HBOT (T2) og ved seks måneders oppfølging (T3), og dybdeintervju ved 

avslutning HBOT. 

Gjennom en kvantitativ tilnærming og tverrsnittsdesign studerte vi i Artikkel 1 

symptombyrde, psykisk belastning og HRQOL hos kreft-overlevere med etablerte bekken 

LRTI symptomer sammenlignet med normpopulasjoner, og sammenhengen mellom disse 

faktorene før oppstart av HBOT. Totalt 107 deltakere (gjennomsnittsalder 64 år, 53% menn) 

ble inkludert. Sammenlignet med normpopulasjonen rapporterte deltakerne mer 

urinsymptomer (gjennomsnitt 68.7 vs. 89.5; p=.00; d=1.4) og tarmsymptomer (gjennomsnitt 

62.5 vs. 92.4; p=.00; d=2.7), økt psykisk belastning (gjennomsnitt 13.4 vs. 10.3; p=.00; 

d=0.6), og generelt dårligere HRQOL (gjennomsnitt 54.9 vs. 71.2; p=.00; d=0.7). Høyere 
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symptombyrde og høyere nivå av psykiske plager var assosiert med lavere HRQOL (r2=46%), 

men psykiske plager modererte ikke symptomenes påvirkning på HRQOL.  

Gjennom en kvalitativ metode og et fenomenologisk-hermeneutisk forskningsdesign, 

undersøkte vi i Artikkel 2 hvordan kreft-overlevere med bekken LRTI erfarte å gjennomgå 

HBOT. Data ble samlet inn via dybdeintervjuer med 20 deltakere. Intervjuene ble tatt opp på 

lydbånd, ordrett transkribert og analysert ved bruk av Systematisk Tekstkondensering. Fire 

hovedtemaer fra analysen synliggjorde informantenes erfaringer: 1) ‘Tilnærming til en ukjent 

verden’. Dette temaet belyste at tross informasjon i forkant av behandlingen, var informantene 

bekymret, men svært motiverte for HBOT, 2) ‘Fra å føle seg bekymret til å bli kjent’. Dette 

temaet utdypet HBOT som en prosess der en kombinasjon av relevant informasjon, klare 

rutiner, personsentrert omsorg var viktige faktorer for aksept og mestring av behandlingen, 3) 

‘Et langvarig behandlingsforløp’. Dette temaet belyste at fraværet fra hjemmet og sosiale 

relasjoner var akseptable ettersom møte med medpasienter tillot et unikt fellesskap å utvikle 

seg, og 4) ‘Behandlingsforløpet gikk bedre enn forventet’. Dette temaet viste at de fleste 

deltakerne kun opplevde mindre, forbigående og svært tolerable bivirkninger av HBOT, 

hvorved majoriteten beskrev initial symptomlindring underveis i behandlingen. 

Gjennom en kvantitativ tilnærming og et før – og etter forskningsdesign, studerte vi i Artikkel 

3 utviklingen av, og assossiasjonene mellom, symptomer på bekken LRTI og HRQOL etter 

HBOT ved slutten av behandlingen (T2), og ved seks måneders oppfølging (T3). Nittifem 

deltakere (gjennomsnittsalder 65 år, 52.6 % menn) ble inkludert. Resultatene indikerte at 

bekken LRTI symptomer, HRQOL symptom skala, søvn, diare, smerte, fatigue, generell 

HRQOL og alle funksjonsskalaer var signifikant forbedret seks måneder etter behandling (P-

område =0.00-0.04). Endringer var til stede allerede ved slutten av behandlingen og 

opprettholdt eller ytterligere forbedret ved 6 måneders oppfølging. Det ble kun funnet en 
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svak, men signifikant korrelasjon mellom endringer i symptomer og overordnet HRQOL ble 

funnet (Pearson r-område 0.20-0.27). 

I tillegg til resultatene fra de tre artiklene, bidrar sammenstillingen av de kvantitative og de 

kvalitative resultatene til en økt, omfattende og nyansert kunnskap og forståelse for 

deltakernes situasjon ved oppstart av behandlingen, behandlingsprosessen, deltakernes 

situasjon ved avslutning og seks-måneders oppfølging etter HBOT. De sammenslåtte 

resultatene fra før oppstart av HBOT indikerte stor symptombyrde, psykiske belastning, 

svekket HRQOL, som påvirket alle områder av livet. HBOT representerte en ukjent, men 

håpefull behandlingsmodalitet. De kvalitative funnene som beskriver selve 

behandlingsprosessen, viste at det var vanskelig for informantene å absorbere HBOT 

informasjonen. Deltakerne tilpasset seg imidlertid raskt til HBOT prosedyrene. Her var 

sykepleiernes oppfølging og omsorg avgjørende. Det langvarige HBOT forløpet, borte fra 

dagliglivet ble til en viss grad oppveid av støtte fra medpasienter. Ved behandlingsslutt viste 

de sammenslåtte resultatene forbedrede bekken LRTI symptomer, og de fleste HRQOL 

dimensjoner, samt at deltakerne erfarte minimale bivirkninger av HBOT. Ved seks måneders 

oppfølging indikerer de kvantitative resultatene ytterligere forbedrede LRTI symptomer og 

HRQOL.  

Så vidt vi vet er dette den første mixed-metode studien som studerer hele prosessen med 

symptombyrde, og HRQOL hos kreft-overlevere med stråleskader i bekkenet som 

gjennomgår HBOT. Kunnskapen fra denne avhandlingen viser behov for økt kunnskap og 

utdanning av helsepersonell knyttet til stråleskader i bekkenområdet, betydningen av 

systematisk kartlegging av symptomer på stråleskader og HRQOL etter stråling i 

bekkenområdet, god symptomlindring og opplæring av kreftoverleverne i adekvat 

symptombehandling og mestring. Videre gir resultatene fra denne studien sterke føringer for 

at kreftoverlevere med stråleskader i bekkenområdet og redusert HRQOL kan ha stor nytte av 
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HBOT. Spesielt kan redusert symptombyrde og forbedret HRQOL med økt rolle – og sosial 

funksjon ha stor betydning for disse kreftoverleverne hverdagsliv. Selv om resultatene fra 

denne studien ikke kan generaliseres, bidrar den til viktig kunnskap på et lite utforsket område 

og en viktig basis både for klinisk praksis og videre forskning.  
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DEFINITIONS OF CENTRAL TERMS 
 

 Cancer survivor: “Cancer survivors are individuals with a diagnosis of cancer who 

have completed primary treatment” (1, 2), p. 7. 

 Health-related quality of life: A multi-dimensional construct that covers six key 

dimensions such as disease and treatment related symptoms, as well as mental, 

psychological and social functioning, which in turn influence the individual’s overall 

HRQOL (3). 

 Hyperbaric oxygen therapy: Hyperbaric oxygen therapy is a treatment modality 

whereby the patient is placed in a pressure chamber while breathing 100% oxygen, 

and while exposed to elevated ambient pressure (4). 

 Late and long-term effects: The terms late and long-term effects are often used 

interchangeably in the literature. In this thesis, the term late effects is used. 

“Late effects refer to specific toxicities that are absent or subclinical at the end of 

therapy and become manifest later with the unmasking of hitherto unseen injury 

because of any of the following factors: developmental process, the failure of 

compensatory mechanisms with the passage of time, or organ senescence. Late effects 

appear months to years after the completion of treatment” (5), p. 249.  

“Long term effects refer to any side effects or complications of treatment for which a 

cancer patient must compensate; also known as persistent effects, they begin during 

treatment and continue beyond the treatment” (5), p. 250. 

 Pelvic cancers: Pelvic cancers refer to a variety of cancer diagnoses involving the 

structures and organs in the pelvic area, representing the pelvic bones, urinary tract, 

bowel and reproductive organs, such as prostate, testicular and gynaecological cancers 

(6). 
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 Pelvic late radiation tissue injuries: “Transient or longer term problems, ranging 

from mild to very severe, arising in non-cancerous tissues resulting from radiotherapy 

treatment to a tumour in the pelvic region” (6) p. 311. 

 Psychological distress: Psychological distress refers to emotional distress symptoms 

such as symptoms of anxiety and depression and is frequently used in research as an 

indicator of an individual’s current mental health (7, 8).
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1. INTRODUCTION 
 

This thesis focuses on symptom burden and health-related quality of life (HRQOL) of cancer 

survivors undergoing hyperbaric oxygen therapy (HBOT) for pelvic radiation tissue injuries 

(LRTI). There were several reasons for this focus: 

Although the number of cancers is increasing, around two thirds of all Norwegian cancer 

patients survive more than five years after diagnosis, due to a combination of earlier detection 

and improvements in multimodal treatments (9, 10). However, cancer and its treatment may 

cause significant physical, psychological, social and vocational late effects and long-term 

effects, impairing the survivors’ health and HRQOL (11, 12). In line with this, the Norwegian 

Cancer Strategy (2020-2023) underlines the importance of focusing on evaluation and 

treatment of late effects and cancer survivors’ HRQOL (13).  

Pelvic malignancies include a variety of cancer diagnoses involving the structures and organs 

in the pelvic area, such as the pelvic bones, urinary tract, bowels and reproductive organs, and 

account for around one third of all cancer diagnoses (6, 9). Radiotherapy is an essential part of 

the curative treatment of pelvic malignancies, often in combination with surgery and 

chemotherapy (4). Due to the close location of the urinary and gastrointestinal tract and the 

genitals, survivors of pelvic cancer are particularly exposed to late-effects from the treatment. 

Radiation may affect surrounding healthy tissues and lead to acute or chronic radiation injury 

– often referred to as pelvic late radiation tissue injuries (pelvic LRTI) (14, 15). Many of these 

survivors suffer “in silence” because their LRTI are often not diagnosed and treated, but only 

handled symptomatically (16, 17). Limited knowledge exists of pelvic cancer survivors’ 

symptom burden from LRTI and how this influences their HRQOL.  

Hyperbaric oxygen therapy (HBOT) has traditionally been connected to treatment of 

decompression sickness. However, increasing evidence supports the use of HBOT as a 
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treatment for a variety of radiation injuries, based on its ability to increase tissue oxygenation 

and healing of damaged tissue (14). HBOT is unknown and unfamiliar for many healthcare 

professionals and patients, and in Norway elective HBOT is only performed at the Norwegian 

National Unit for planned HBOT located at the Department of Occupational Medicine, 

Haukeland University Hospital in Bergen.  

In general, research of HBOT for LTRI is a relatively new field – especially with respect to 

the symptom burden of pelvic LTRI and HRQOL. Even if a few previous studies have shown 

positive effects of HBOT on some types of pelvic LRTI and HRQOL, the field is highly 

understudied, and more research is needed (18-21).  

As a section manager at the Department of Occupational Medicine, the candidate encountered 

many cancer survivors undergoing HBOT for pelvic LRTI in her daily work. To improve 

knowledge and patient care, an increasing curiosity emerged as to how LRTI impair HRQOL, 

and how these survivors experience undergoing HBOT, as well as how their symptom burden 

and HRQOL develop in the long term after HBOT.  

Based on the above considerations, the overall objective of this thesis is to provide increased 

knowledge and understanding of the symptom burden and HRQOL of cancer survivors 

undergoing HBOT for pelvic LTRI. More specifically, this thesis aims to explore pelvic 

survivors’ LTRI symptom burden, the patients’ lived experience of undergoing HBOT, and 

the development of pelvic LRTI and HRQOL before and after HBOT. Based on the thesis’ 

aims, a mixed-methods study with an explanatory sequential design was conducted (22). 

This thesis is structured around nine chapters. After this introduction, chapter two provides a 

general description of the thesis’ context, including a brief overview of cancer and the 

consequences of cancer and cancer treatment for survivorship. This is followed by a 

presentation of pelvic cancer and late effects, with specific focus on pelvic LRTI, including a 
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presentation of HBOT. Chapter three addresses earlier research on pelvic LRTI, HRQOL and 

HBOT. The thesis’ theoretical framework is presented in chapter four, building on a bio-

psychosocial, or holistic, view of health, whereby the concept of HRQOL fulfils this holistic 

approach. Aims and research questions are presented in chapter five, and chapter six outlines 

the study’s mixed-methods approach. The findings from the three papers, including the 

merged results, are presented in chapter seven. Since the results from each paper are discussed 

in the respective papers, the discussion in chapter eight focuses on the merged findings, 

followed by methodological reflections. The main conclusion, clinical implications and 

suggestions for further research are presented in chapter nine. 
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2. CONTEXT OF THE STUDY 
 

To contextualise the thesis, this section first provides a brief and general overview of the 

cancer trajectory. Then the characteristics of pelvic cancer, treatment and late effects are 

presented. Finally, HBOT as a treatment modality for LRTI is addressed. 

2.1 The cancer trajectory 
 

2.1.1 Cancer and cancer incidents 

 

Cancer is the generic term for a group of diseases characterised by the uncontrolled growth 

and spread of cells that can affect any part of the body (23). Common to all forms of cancer is 

failure of the mechanisms that regulate normal cell growth, proliferation and cell death. 

Consequently, cancer cells have the ability to invade neighbouring tissues, eventually spread 

to other areas of the body, and if not controlled, cause death (24). Worldwide, cancer is the 

second-leading cause of death (25), but the leading cause in Norway (26).  

The global burden of cancer is expected to grow to annually 27.5 million new cancer cases 

and 16.3 million cancer-related deaths by 2040 (23), due to a growing and ageing population, 

lifestyle changes and socioeconomic risk factors (27). In 2020, 35,515 new cancer cases were 

diagnosed in Norway, most being persons over 50 years of age. In men, 19,223 new cases 

were detected, with prostate cancer as the most common. In women, 16,292 cases were 

diagnosed, whereby breast cancer was most common (9). Although the incidence of cancer is 

increasing, it is estimated that more than 40% of all cancer can be prevented, and common 

cancers such as cervical, colon and rectum cancer are often cured (24). In Norway, the five-

year survival rates are increasing and the relative survival proportion is now more than 70% 

(all cancer sites) (9).  
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2.1.2 Cancer survivorship 

 

Modern cancer treatment is often multimodal and long-lasting, and given the advances in 

screening, detection and treatment, survival rates are increasing. Based on the improved 

survival rates, the term ‘cancer survivor' has emerged to describe cancer patients living with 

or beyond cancer. However, no universally accepted definition of ‘cancer survivor’ exists. 

Since the mid-1970s the cancer control continuum has been used to describe the various 

points from cancer prevention, early detection, diagnosis, treatment and survivorship to end of 

life (28). As modern biology and treatments have changed our understanding of cancer, it is 

now recognised that the categories are useful labels, but the processes are not so discrete (29). 

From a biomedical viewpoint, the term survivor has a distinct clinical meaning, referring to 

individuals who have had a life-threatening disease, but remain disease-free for a minimum of 

five years (30, 31). In recent years, however, a variety of other definitions have emerged, 

whereby some refer solely to individuals diagnosed with cancer, while other definitions 

include next of kin and caregivers (29, 31).  

Over the years, the concept of survivorship has also developed, whereby survivorship is 

currently not only related to the length of survival, but also to well-being and thriving (32). 

Feuerstein et al. (33) identified six phases of survivorship ranging from diagnosis, treatment, 

acute effects, sub-acute effects and long-term effects, to end of life. Based on the focus of this 

thesis, the definition of cancer survivors as individuals with a cancer diagnosis who have 

completed primary treatment and live with long-term late effects is used (33). 

2.1.3 Late effects after cancer and cancer treatment 

 

Many cancer survivors return to normal functioning after treatment. However, cancer and its 

treatment may also result in a wide range of physical, psychological and social problems that 
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do not recede over time. (29). It is only in recent years that late effects after cancer treatment 

have gained more focus internationally and nationally (34, 35). In official documents, in 2013 

cancer survivor and survivorship were addressed as a goal in the Norwegian National Cancer 

Strategy (36), and in the current strategy important goals are to reduce the incidence of late 

effects, and map and treat late effects, as well as a primary focus on survivors’ HRQOL (37). 

Despite the increased focus, there are still great differences and a lack of screening and 

management of late effects in the follow-up of cancer survivors, representing a challenge for 

both patients and the healthcare system (38-43). 

The risk of developing late or long-term effects depends on the initial diagnosis, type of 

cancer treatment, genetic predisposition, lifestyle behaviours, environmental factors and 

comorbidity (39). Here, the carcinogenic effects of chemotherapy, radiation and/or a 

combination play a vital role (44).  

The terms long-term and late effects are often used interchangeably in the literature. Long-

term effects are typically described as treatment complications persisting beyond the end of 

treatment, while late effects may appear months to years after the completion of treatment (5) 

(39, 45). Physical late effects may include a range of symptoms, depending on the cancer 

diagnosis and the treatment. Common physical late effects are fatigue, memory loss, lack of 

concentration, pain, insomnia, neurological problems, weight loss or weight gain, 

musculoskeletal problems, lymphedema, bodily impairment, premature-onset menopause, 

incontinence and gastrointestinal problems such as diarrhoea and constipation (39, 46).  

Psychological late effects from cancer treatment are associated with psychological distress, 

including symptoms such as worry, sorrow, anxiety and depression (39). In addition, cancer 

survivors often report distress related to fear of cancer recurrence or progression, and 

problems related to self-esteem, body image, identity and sexuality, and impaired HRQOL 

(39, 41, 46, 47). 
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Cancer survivors also report social late effects such as changes in relationships, employment, 

work-related challenges and economic problems (39, 42, 48). The importance of social 

support for health is well-known, as a low level of social functioning may impair close 

relationships, and physical and mental health, as well as HRQOL (49).  

2.2 Pelvic cancer 
 

Pelvic cancer involves the lower portion of the trunk, including the pelvic bones, urinary tract, 

bowel, and reproductive organs, such as prostate and gynaecological cancers (6). In 2020, 

13,401 (37.7%) of all cancers in Norway were pelvic. A detailed overview is given in Table 1. 

(9). 

Table 1. New cases of pelvic malignancies in Norway in 2020 (9). 

Site Male Female Total 

Colon 1,504 1,617 3,121 

Rectum/rectosigmoid 821 552 1,373 

Anus 38 68 106 

Urinary tract  1,410 442 1,852 

Prostate  5,030  5,030 

Testis and other male genital 340  340 

Cervix uteri  328 328 

Corpus uteri  764 764 

Ovary  487 487 

Total   13,401 

 

Prostate cancer has been the most common cancer in men for many decades, with a yearly 

incidence of around 200 per 100,000 person-years (9). Cancer of the bladder and the urinary 

tract is the fourth most frequent in men, but less frequent in women. In recent years the 

incidence of colon cancer has levelled off for men, but is still increasing among women. The 

incidence of gynaecological malignancies in Norway has decreased in recent years, where 
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screening programmes, treatment of premalignant conditions and vaccination against human 

papilloma virus are considered to be the underlying causes (9).  

2.2.1 Treatment of pelvic cancers 
 

Early detection and complex treatment have dramatically improved survival from pelvic 

cancers. The survival rates are approximately 72% for bowel cancers, 77% for urinary tract 

cancers, 95% for prostate cancer and 82% for gynaecological cancers, except ovarian cancer, 

which has a survival rate of 51% (9).  

Patients diagnosed with pelvic cancers commonly receive multimodal and long-lasting 

treatment involving radiotherapy, chemotherapy and surgery. Radiotherapy builds on ionising 

radiation, which deposits energy in the tissue cells it passes through (50). High-energy 

radiation damages the genetic material of cells and blocks their ability to divide and 

proliferate further (50, 51). Radiation is used both with a curative intent and in palliative 

treatment to achieve symptom relief. It may be used pre-operatively, with the aim of shrinking 

the tumour, and/or post-operatively in order to treat the malignancy itself, but also to reduce 

the risk of recurrence (51). Radiation can be administered externally and/or internally by 

probe or radioactive implants (brachytherapy) (51). Prostate and cervix carcinoma are 

examples that are curable with radiation therapy alone in the early stages (50). Combinations 

of radiation with other modalities are commonly used for rectal, anal, bladder and endometrial 

carcinomas (50). The combination of chemotherapy and radiotherapy has been shown to 

improve survival, but also increases the risk of severe toxicity and radiation-induced problems 

(6). New methods of radiotherapy techniques are developed to reduce its side-effects, but the 

number of patients affected with pelvic LRTI is still high (14, 52, 53).  

Chemotherapy is another important curative treatment for pelvic cancers. It usually works by 

keeping the cancer cells from growing, and dividing, thereby inhibiting multiplication and 
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making more cells (54). Chemotherapy has proved to be effective for a range of epithelial 

malignancies, including ovarian and bladder cancers, and is also used as an adjuvant in 

treating patients with colon cancer (55). 

Treatment of colon, rectum, anal and urinary tract cancers commonly involves a multimodal 

approach with surgery, radiotherapy and chemotherapy based on tumour-related 

characteristics, such as localisation, tumour, comorbidity, prognosis and patient-related 

factors (e.g. age, general condition) (56-59). Advances in diagnostics and risk assessment, and 

available treatment of prostate cancer allow clinicians to choose more individualised 

therapeutic approaches based on cancer prognosis and patient preference (60). The treatment 

of prostate cancers may thus include active surveillance, surgery, radiotherapy, hormonal 

therapy, chemotherapy and immunotherapy as single treatments or in combination (59, 60). 

Brachytherapy (internal radiation) is mainly indicated as a standard treatment in combination 

with chemo-radiation in patients with gynaecological cancer, often also including surgical 

interventions (61, 62).  

2.2.2 Physical late effects of pelvic cancer, with specific focus on radiation tissue injuries  

 

As for other cancers, pelvic cancer survivors report a range of physical late effects that impair 

health and well-being. Common physical late effects are urinary and gastrointestinal tract 

dysfunctions, sexual problems, infertility, pain and fatigue (46, 63-66). Of these, fatigue is 

described as the most debilitating late effect across different cancer diagnoses, treatments and 

age (66). Patients treated for gynaecological, colorectal or prostate cancer in particular 

experience long-lasting fatigue (46, 64, 66, 67).  

Radiotherapy is used to treat pelvic cancers more than at any other tumour site. The survivors 

are therefore particularly prone to develop LRTI, as multiple organs in the pelvic area are 
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affected across the different cancer types (14, 16, 17, 53). Around 90% of patients receiving 

pelvic radiation therapy may be affected by gastrointestinal symptoms. (53). 

The biological effects of ionising radiation trigger a series of genetic and molecular 

phenomena, leading to clinically and histologically recognisable injury (68). Progressive 

oxidative stress and hypoxia may be the driving force behind chronic radiation injury, causing 

a loss of parenchymal cells, overproduction of collagen, and macro- and microvascular 

changes (69). Adverse effects of radiotherapy on normal tissue leave approximately 5-15% of 

patients with long-term pelvic LRTI, which are characterised by tissue damage, fibrosis, 

hypoxia and poor microcirculation, affecting the urinary tract, gastrointestinal tract, genitalia 

and pelvic bones (70, 71). 

According to Andreyev et al. (6) pelvic LRTI are defined as:  

“Transient or longer-term problems, ranging from mild to very severe, arising in non-

cancerous tissues resulting from radiotherapy treatment to a tumour of pelvic origin” (p. 

311). 

The urinary and gastrointestinal tracts are the main sites of pelvic LRTI, and chronic 

haemorrhagic cystitis is one of the most frequent radiation-induced toxicities (17). Endothelial 

cell damage and perivascular fibrosis may result in ischemia, leading to a range of symptoms, 

including urinary frequency, urgency, pelvic pain and haematuria (17). Chronic radiation 

proctitis may lead to haematochezia, mucus discharge and tenesmus, and often to faecal 

incontinence. Radiation colitis and enteritis are typically characterised by endarteritis with 

exaggerated submucosal fibrosis and can be manifested as diarrhoea, digestive problems 

including food intolerance, pain, fistulae, local abscesses, perforation and bleeding (72, 73). 

Radiation damage to the vagina may cause stenosis, and shortening and loss of elasticity of 

the vagina, often with longstanding ulcers and fistulas (74). Radiation-induced reactions in the 
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bone marrow may include osteitis and osteoradionecrosis. The pathophysiology of this is only 

partly understood, but is believed to result from toxic response, reduced permeability of 

endothelial bone marrow sinus, and cytoplasmatic swelling, resulting in bone degeneration 

(75). Overall, frequent symptoms of pelvic LRTI are diarrhoea, faecal leakage, incontinence, 

haematuria, increased urinary/bowel frequency, increased urinary/bowel urgency, and sexual 

dysfunction, which may impose a severe symptom burden and affect their HRQOL (18, 76-

78). 

2.2.3 Psychosocial late effects of pelvic cancer 
 

In addition to physical problems, pelvic cancer survivors report high levels of psychological 

late effects, such as anxiety, depression, distress and uncertainty (79-81). Cessna Palas et al. 

(82) found that both modifiable (perceived risk, self-efficacy, intolerance of uncertainty and 

social constraints) and non-modifiable (age, gender, disease severity) factors are associated 

with fear of cancer recurrence. Anxiety-related late effects after pelvic cancer treatment 

include fear of disease progression, sleep disturbances, psychosexual problems, fertility 

concerns and body image concerns, adding an extra burden to the survivors (46, 48, 64, 65, 

67). A prevalence rate of 12% for clinical anxiety was reported for a sample of 65 cancer 

survivors at various sites, including gynaecological and testicular malignancies (83). Bergerot 

et al. (84) found that patients with gynaecological and gastrointestinal cancers report high 

rates of psychological distress. Up to 32% of survivors of gynaecological, colorectal and 

prostate cancer are clinically depressed, and women are more likely to experience depressive 

symptoms than their male counterparts (42, 46). Supporting this, Adams et al. (52) found that 

more severe pelvic LRTI symptoms across cancer types were associated with higher rates of 

depression, but not with more anxiety.  
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Social late effects, such as negative changes in intimate relationships, have been shown to 

occur after pelvic cancer treatment, due to sexual dysfunctions, infertility and body image 

problems (42). Debilitating symptoms such as urinary incontinence and faecal leakage 

significantly impact day-to-day living and cause lifestyle changes related to social activities, 

family life and household tasks (85). Boelhover et al. (86) found that physical late effects and 

fatigue after cancer treatment continue to impair work ability, affect career progression and 

increase financial stress among cancer survivors. 

2.2.4 Management of pelvic LRTI 
 

Overall, the treatment options for pelvic LTRI are limited to prophylactic measures for 

symptomatic treatment once radiation injury is established (14, 16, 17, 53). Pharmacological 

interventions frequently used for radiation proctitis/enteritis are antidiarrheal agents, 

analgesics, anticholinergic agents, and nonsteroidal anti-inflammatory drugs. Non-

pharmacological interventions include dietary counselling and physiotherapeutic training, 

particularly training of pelvic floor muscles (14, 87). Antibiotics, vitamin A, laser coagulation 

and HBOT have proved to be effective for different aspects of radiation injuries (88-90). 

Although symptomatic treatment can be helpful in the short term, recurrence and re-treatment 

rates are high. Treatment of haemorrhagic cystitis is mostly conservative and includes 

hydration, blood transfusions and bladder irrigation with cloth evacuation (91). In refractory 

severe cases, management options include intra-vesical endoscopic procedures and HBOT. 

More aggressive management options include cystectomy and urinary diversion, if other 

conservative measures have failed (87, 91). Overall, treatment options for pelvic LRTI are 

still limited, with unsatisfactory efficacy, and many cancer survivors seem to live with a high 

symptom burden (6). 
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2.3 Hyperbaric oxygen therapy  
 

Besides being well-established for the treatment of decompression sickness, over the last 

decades HBOT has emerged as a treatment option for radiation injuries (14). Hyperbaric 

medicine involves breathing pure oxygen in a pressurised environment, representing an 

important treatment modality for several acute and elective conditions such as decompression 

sickness, serious infections, diabetic foot wounds and radiation injuries (92). Inhalation of 

100% oxygen at an increased pressure of 2 atmosphere absolute or more allows more oxygen 

to be dissolved in plasma, inducing a steep oxygen gradient between hypoxic tissue and 

surrounding normal tissue, thereby stimulating angiogenesis mediated by macrophages (93). 

Repeated HBOT therapy has been shown to increase levels of growth factors, stimulate stem 

cell mobilisation from the bone marrow in response to oxidative stress, stimulate cellular 

regeneration and reduce inflammation (94, 95). These mechanisms induce revitalising and 

healing of hypoxic tissue and finally, alleviate symptoms (96).  

HBOT is characterised as a high-technology treatment whereby patients are completely 

enclosed in a multi- or mono-place pressure chamber, usually for 90-100 minutes once a day 

for six to eight weeks (4). Strict safety routines are applied, and patients are under constant 

observation during treatment, as the high ambient oxygen concentration increases the risk of 

fire (97). Hence, patients must avoid ointments and cosmetics, synthetic clothing, bandages, 

and titanium glasses, and they are not allowed to bring private possessions, including papers, 

books or electronic devices, into the chamber.  

Overall, HBOT is regarded as a safe treatment, with only a few mild, temporary side-effects 

related to the increased pressure or hyperoxia (97, 98). Middle ear and sinus barotrauma are 

the most common side-effects occurring during the compression or decompression phase, and 

are usually short lasting (99). Hyperoxic myopia occurs frequently and is usually reversible 
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within 6-8 weeks after HBOT (99). An extremely rare side-effect of HBOT is pulmonary 

oxygen toxicity, implying tracheobronchial irritation due to the high oxygen concentration, 

with pleuritic pain and cough/burning, followed by impaired pulmonary function (100). A 

chest X-ray prior to HBOT can rule out many anatomic abnormalities which increase the risk 

of active bronchospasm or mucus plugging. Epileptic seizures are also rare, with an incidence 

of about 1 in 2,000-3,000 treatments (99). In addition, HBOT facilities, with their high 

technology, unfamiliar surroundings and environmental confinement, may cause 

claustrophobia and increase patients’ distress and anxiety (97, 101).  

In Norway, elective HBOT is localised as outpatient treatment at the Norwegian National 

Unit for Planned Hyperbaric Oxygen Treatment. The treatment is given in mono-place 

chambers, where patients receive 100% oxygen, breathed in at a pressure of 2.4 atmosphere 

absolute, for 90 minutes, five times per week, and in cases with radiation injury for six 

successive weeks. HBOT at the Norwegian National Unit is performed by specialised trained 

nurses.  
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3.  PREVIOUS RESEARCH ON LATE EFFECTS OF PELVIC CANCER 

RELATED TO HRQOL AND HBOT 
 

This section provides an overview of previous research regarding pelvic cancer and HRQOL, 

the use of HBOT for LRTI, patients’ experience of undergoing HBOT, and the influence of 

HBOT on HRQOL.  

3.1 Late effects of pelvic cancer impairing HRQOL 
 

Many survivors of pelvic cancer suffer from notable long-term late effects which impair their 

HRQOL (76, 102). In particular, late effects from pelvic cancers seem to impair HRQOL and 

everyday life, based on the involvement of the gastrointestinal tract, urinary tract and 

reproductive organs, including highly sensitive symptoms such as diarrhoea, faecal leakage, 

incontinence and poorer sexual function (103-106). According to Morris and Haboubi (107), 

the burden of LRTI impacting the survivors’ HRQOL is often under-recognised and sub-

optimally managed.  

A systematic review by Flyum et al. (108) revealed that patients with colorectal cancer report 

impaired HRQOL, mainly explained by gastrointestinal symptoms. Significantly impaired 

overall HRQOL, role and social function, bowel impairment, pain, fatigue and sexual 

difficulties have also been documented after treatment for anal cancer (76, 104, 109).  

Late effects after treatment of cancer in the urinary tract and its influence on HRQOL have 

mainly been studied in relation to different interventions, whereby survivors who have 

undergone cystectomy report the most impaired HRQOL (110-113).  

Several studies have evaluated prostate cancer treatment and HRQOL showing that bowel 

symptoms followed by sexual and urinary symptoms have the greatest negative impact on 

HRQOL (114-117). Song et al. (118) found that prostate cancer survivors reported lower 
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physical and mental HRQOL, and more comorbidities than control persons. Similarly, 

Chambers et al. (119) found that prostate cancer predicted poorer long term HRQOL and 

psychological outcomes, with a greater risk for younger men due to building careers, being 

more sexually active, and having greater financial responsibilities. Older prostate cancer 

survivors seem to be at higher risk of poorer physical function, indicating that comorbidities 

associated with age may increase the physical challenges of treatment (120). According to 

Punnen et al. (121), men treated with radiotherapy experience more long-term effects on 

bowel function, while androgen deprivation therapy has the greatest adverse effect on 

physical HRQOL. 

In recent years, HRQOL in gynaecological cancer survivors has received more attention, 

indicating that late effects impair physical, mental and psychosocial well-being years after 

treatment (122-127). Deteriorated physical and social functioning, with overweight, 

comorbidities, deprivation, anxiety and depression, lack of social support and bowel 

impairment seem to play important roles for impaired HRQOL in gynaecological cancer 

survivors (77) (128). Reduced overall HRQOL in gynaecological cancer survivors has also 

been associated with increased symptom burden, age, disease recurrence and several 

comorbidities (103, 129). 

There are several challenges concerning the impact of pelvic LRTI on HRQOL in cancer 

survivors. As pelvic LRTI are often not reported to healthcare professionals, the symptoms 

often remain untreated, resulting in increased symptom severity (78). Furthermore, pelvic 

LRTI are chronic conditions of which the symptoms may vary over time. Consequently, the 

impact of the symptoms on HRQOL may vary during the course of the disease, although 

research on this is limited (130). Improved HRQOL over time in survivors of pelvic 

malignancies have been found, mainly explained by complete disease remission and declined 

symptoms (102).  
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The multitude of pelvic LRTI are challenging to investigate, as most studies have focused on 

the impact of single symptoms or symptom groups, or different treatment modalities’ impact 

on HRQOL. However, limited research exists concerning pelvic cancer survivors 

experiencing similar pelvic LRTI across different diagnoses. Furthermore, a variety of 

assessment tools for disease-specific symptoms, as well as HRQOL tools, exist, making the 

comparability of studies challenging. Consequently, measuring both pelvic LRTI and 

HRQOL with validated instruments compared to norm populations may be important to 

understand pelvic cancer survivors’ needs, guide efforts in care and clinical treatment, and 

direct further research. 

3.2 Pelvic LRTI, HBOT and HRQOL 
 

3.2.1 HBOT for pelvic LRTI 
 

A Cochrane review (71) concludes that HBOT may improve various LRTI, including bone 

and soft tissues of the head and neck, proctitis, and may prevent the development of 

osteoradionecrosis in the jaw. This review also suggests that other tissues impaired by LTRI 

are likely to respond, e.g. bladder LTRI. Similarly, Nieziegoda et al. (131) found symptom 

improvement after HBOT in 77-93% of cases in a large study of ten different radiation 

injuries, including radiation proctitis.  

A few randomised controlled trials (RCT) have assessed the effects of HBOT on pelvic LRTI 

symptoms. Oscarsson et al. (18) found beneficial effects of HBOT for late radiation cystitis. 

Shao et al. (132) compared HBOT with instillation of hyaluronic acid in patients with 

haemorrhagic radiation cystitis and concluded that both haematuria and pain decreased in 

both groups. Furthermore, Clarke et al. (133) found significantly improved symptoms after 

HBOT for patients with chronic radiation proctitis. Yuan et al. (134) uncovered that HBOT 

alleviated gastrointestinal complications, including rectal bleeding, diarrhoea and pain, while 
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Glover et al. (21) found no such evidence. In contrast, Craighed et al.’s review (135) 

documents symptomatic benefits from HBOT for pelvic LTRI in gynaecological 

malignancies. Recent publications conclude that HBOT may benefit pelvic LRTI, but more 

research is needed in this highly understudied field (136, 137, 138).  

3.2.2 Cancer survivors’ experience of undergoing HBOT for pelvic LRTI 
 

Research of how patients experience undergoing HBOT is surprisingly limited, including the 

psychological aspects of HBOT. A few previous studies have shown that the technical 

environment and the confining, uncomfortable space in hyperbaric pressure chambers may 

cause distinct anxiety and claustrophobia, and lead to terminating or refusing treatment (139-

141). In line with this, London et.al. (142) found that nearly one third of patients treated in 

mono-place chambers required sedative premedication before HBOT, due to claustrophobia. 

In multi-place chambers, patients have reported discomfort on using the mask or hood for 

oxygen supply, and a noisy, cold environment, although contact with fellow patients during 

treatment was experienced positively (143, 144). Yisak et al. (145) found that nursing 

management plans involving preparation, close follow-up and management of unpleasant 

feelings associated with HBOT had a positive impact on patient experiences. In a recent 

mixed-methods study with 29 participants, McInnes et al. (146) showed that many patients 

experienced anxiety prior to HBOT but, with support, quickly adjusted to treatment, which 

underlines the need for psychosocial support during treatment.  

Cancer survivors with pelvic LRTI often have substantial and complex symptoms in one or 

multiple organs, and this may create specific concerns when enclosed in a pressure chamber 

over time (71, 131, 147). However, we have not found prior research on pelvic cancer 

survivors with LRTI and the experience of undergoing HBOT. This is important knowledge 

to guide healthcare professionals in how to prepare these survivors for HBOT, to alleviate 
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anxiety and distress, to meet the patients’ needs, and to promote trust and coping ability 

throughout the treatment course.  

3.2.3 HBOT influence on HRQOL of pelvic LRTI 
 

Only a few studies of HRQOL following HBOT for pelvic LRTI are published (18, 133, 148, 

149). Here, beneficial effects on HRQOL in patients with both radiation cystitis and proctitis 

after HBOT have been found (18, 133, 148, 149). In contrast, Lauvrak et al. (20) state in their 

systematic review that no conclusion about HBOT’s influence on HRQOL can be made. 

Consequently, further research is clearly needed on the impact of HBOT on HRQOL in 

cancer survivors with pelvic LRTI.  

3.3   Why this study? 
 

The foregoing literature review shows limited evidence of HBOT’s influence on pelvic LRTI 

and HRQOL. It can be difficult for patients and healthcare professionals to ascertain the 

underlying causes of pelvic symptoms. Consequently, LRTI are often underdiagnosed, and 

this can be a strain and lead to increased uncertainty and stress for those affected. 

Furthermore, the literature shows that pelvic cancer survivors report high levels of 

psychological late effects, such as anxiety, depression, distress and uncertainty. However, 

there seems to be a lack of knowledge in the research field regarding pelvic LRTI’s impact on 

psychological distress in addition to HRQOL, and little is known about how psychological 

distress may influence the relation of LRTI with HRQOL. Likewise, the physical side-effects 

of HBOT are well-documented, but there is limited evidence on how patients with pelvic 

LRTI, with their substantial and complex symptoms, experience undergoing this therapy. 

Accordingly, there seems to be a lack of in-depth knowledge of pelvic cancer survivors’ 

experience of this high-technology treatment modality. Some studies have demonstrated 

positive associations between symptom improvement and HRQOL after HBOT, but the 
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research is conflicting. Hence, there is a clear need to enhance knowledge about the 

development of pelvic LRTI symptoms and HRQOL following HBOT.  
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4.  THEORETICAL FRAMEWORK 
 

This thesis’ theoretical framework builds on a bio-psychological view of health and health 

promotion, whereby HRQOL is viewed as an important holistic health determinant. This 

chapter first provides a brief background of health and health promotion before the concept of 

HRQOL is presented, as well as how the framework is used in this study.  

4.1 Health and health promotion 
 

Traditionally, health has often been defined as the absence of physical and mental disease 

(150). In contrast, in 1949 the World Health Organization (WHO) defined health as a state of 

complete physical, mental, social and emotional well-being, and not merely the absence of 

disease (151, 152). Even though it has been criticised for being too ambitious, this definition 

encompasses a holistic view of health, often referred to as a positive or bio-psychosocial 

health concept that includes the individuals’ own perspective, experiences and context (153, 

154, 155). This contrasts the illness paradigm with a pathogenic and biomedical view of 

health, which emphasises disease rather than health and well-being (154, 156).  

The holistic health concept is congruent with health promotion designed to foster health. 

Here, the World Health Organization (WHO) (153) defines health promotion as the process of 

enabling people to increase control over, and to improve their health. To reach a state of 

physical, mental and social well-being, an individual or group must be able to identify and 

realise aspirations, satisfy needs, and change or cope with the environment. Health promotion 

thus focuses on promoting the individuals’ health, but also emphasises health promotion at the 

societal and system level, such as health education, identification and reduction of health risks 

for specific groups and populations, empowerment, advocacy, preventative healthcare and 

health policy development (157, 158). Consequently, health promotion draws on the 
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knowledge and methods of various disciplines and is informed by new evidence about health 

needs and their underlying determinants (159). 

4.2 Health-related quality of life  
 

The term quality of life (QOL) originated in the 1960s to describe “what matters to people”; 

the benefits or experiences that people dream of and hope to realise, including both subjective 

and objective aspects of life (160). Since then, the concept has developed and is used within 

several disciplines (155). Within medical and health science, QOL related to health has 

received special attention, often outlined as HRQOL. Here, HRQOL is generally considered 

to reflect the impact of disease and treatment on disability and daily functioning (161). 

However, HRQOL is a complex concept with several different theoretical and philosophical 

views, including a continuing conceptual and methodological debate about how it should be 

defined (160, 162-166). Even if several definitions of HRQOL exist, there seems to be 

agreement that this is an individual, subjective and multidimensional concept that builds on a 

bio-psychosocial concept of health. HRQOL is often described as a measure of the value 

assigned to duration of life as modified by disease, treatment, impairments, functional status, 

perceptions, opportunities and policy (167, 168, 169). Within health promotion and cancer 

survivorship, the World Health Organization Quality of Life group (WHOQOL) defines 

HRQOL as an individual’s perception of their position in life in the context of the culture and 

value system in which they live, and in relation to their goals, standard of expectations and 

concerns (170). In line with this, and even more specific and relevant for cancer patients and 

survivors, the European Organization for Research and Treatment of Cancer (EORCT) 

defines HRQOL as: 



23 
 

“A multi-dimensional construct that covers six key dimensions such as disease and treatment-

related symptoms, as well as physical, psychological and social functioning, which in turn 

influence the individual’s overall HRQOL” (171), p. 142. 

This HRQOL concept is illustrated in Figure 1. 

 

Figure 1: Illustration of EORTC`s HRQOL concept. 

Figure 1 illustrates that cancer-related symptoms, together with physical, role, cognitive, 

emotional and social functions, are important dimensions in overall HRQOL. Consequently, 

challenges and strengths within each dimension are important contributors to the individual’s 

overall HRQOL (172, 173). This implies that cancer-related symptoms or late effects may 

negatively influence both the different dimensions and overall HRQOL. Conversely, 

improvements in cancer-related symptoms or any of the other HRQOL dimensions may 

positively influence overall HRQOL. Thus, HRQOL may give a holistic picture of the 

patients’ perceived health and overall well-being, shown to be a strong predictor of symptom 

relief, survival, care and rehabilitation of cancer patients and survivors (155, 161, 167, 174, 

175, 176).  

However, the EORTC’s definition may be criticised for not including a spiritual dimension 

focusing on religiosity, expectation, suffering and meaning, and hope (176). Here, the 
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literature shows that HRQOL may be influenced by the difference between the individuals’ 

hope, their outcome expectations, and their actual life (155, 167). In line with this, Rustøen 

(173) states that hope may be seen as a variable that contributes positively to HRQOL and is 

regarded as an important coping strategy.  

On measuring HRQOL, another critique of the HRQOL concept is that the patients have to 

distinguish between the part of their life influenced by health and other parts that are not 

(177). Focusing on HRQOL may thus substantially overestimate the impact of health-related 

factors and conversely, may seriously undervalue the effect of non-medical factors (177).  

Furthermore, another challenge in HRQOL research is the number of different measures, 

making the interpretation of results complicated (178). In many studies, HRQOL appears as a 

secondary outcome, while the interventions do not focus on HRQOL (162). Consequently, 

focusing on symptom- and HRQOL-specific measures may provide more detailed information 

that is important for clinical practice. 

4.3 The theoretical framework’s reflection in the three papers 
 

The theoretical framework, with a specific focus on HRQOL, is included as a basis in all three 

papers, as well as the thesis.  

In Paper 1, a theory positing that challenges and strengths within each HRQOL dimension 

will contribute to the individual’s overall HRQOL guided the analysis of baseline data. As a 

starting point, the level of symptoms, psychological distress and HRQOL, and the influence 

of these factors on HRQOL, were investigated at baseline, prior to HBOT. Psychological 

distress was tested as a moderator of the relationship between the cancer survivors’ pelvic 

LRTI symptoms and their well-being, operationalised through overall HRQOL. In Paper 2, 

the holistic health concept reflected in HRQOL created the basis for exploring the cancer 

survivors’ experience of undergoing HBOT. To gain more insight into the outcome, the 
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development of symptom severity and HRQOL following HBOT, and the associations 

between these variables over time, were explored in Paper 3.  

Finally, the theoretical framework is included throughout this thesis, when presenting prior 

research, methods and results, as well as in the discussion section. 
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5.  STUDY AIMS AND RESEARCH QUESTIONS 
 

Based on the identified research gap, the overall aim of this thesis was to provide increased 

understanding of the symptom burden and HRQOL of cancer survivors undergoing HBOT for 

pelvic LRTI. More specifically, the study’s aims were: 

1.  To investigate pelvic LRTI symptoms, psychological distress and HRQOL in cancer 

survivors compared to norm populations.  

2. To explore how cancer survivors with pelvic LRTI experience undergoing HBOT.  

3. To explore the development of symptom severity and HRQOL following HBOT, and 

the association between these over time. 

Consequently, this thesis sought to answer the following research questions: 

1. What is the symptom burden, psychological distress and HRQOL in cancer survivors 

with pelvic LRTI prior to HBOT compared to the norm population? (Paper 1) 

2. Does psychological distress act as a moderator in the relationship between pelvic 

LRTI symptoms and overall HRQOL? (Paper 1) 

3. How do cancer survivors with pelvic LRTI symptoms experience undergoing HBOT? 

(Paper 2) 

4. How do pelvic LRTI symptoms and HRQOL develop from baseline to completion of 

the six-week HBOT course and at follow-up six months after treatment? (Paper 3) 

5. What are the associations between pelvic LRTI and HRQOL over time? (Paper 3) 
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6.  METHODS AND MATERIALS 
 

This chapter presents the study’s methods and materials and the underlying rationale for the 

choices made. First, the research methods and design are presented, followed by a description 

of the sample, data collection, data analysis and ethical considerations.  

6.1 Research methods and design 
 

Various research methodology and design have been used in previous research on LRTI and 

HBOT. These include RCT, quasi-experimental, survey research and qualitative design (18, 

21, 131, 133, 143, 144, 149). The preferred design for evaluation of treatment efficacy is RCT 

studies. However, the UK Medical Research Council guidelines recommend evaluation of 

process and implementing several outcomes as an alternative to RCT studies (179). 

Consequently, mixed-methods are an upcoming method in clinical research because this 

moves beyond simple hypothesis testing to provide insights into processes and mechanisms to 

reveal a more complete and nuanced understanding of a topic (22). Furthermore, the choice of 

research method is primarily dependent on a study’s research question and not a specific 

design per se (22). Based on this study’s overall aim and research questions, the research 

methodology had to reflect both a quantitative and qualitative approach, whereby a mixed-

methods approach could provide us with more nuanced and complete knowledge of the topic 

studied that had not previously been used.  

6.1.1 Mixed-methods 

 

Traditionally, quantitative method has dominated the research into pelvic LRTI and HBOT 

(18, 21, 132-134, 137). Quantitative method is based on the empirical-analytical tradition, 

addressing objective data, causality or magnitude of effects, and facilitating quantifiable 

information, and is traditionally connected to the objective bio-medical paradigm (180). The 
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language of this research is formal and impersonal, the researcher acts in a value-free and 

unbiased manner and the results are considered to be relatively independent of the researcher, 

and often have high creditability and are useful for studying large numbers (181, 182). The 

strengths of the quantitative method include testing of hypotheses and the generalisation of 

research findings, based on replicated studies with sufficient sample sizes. However, the tools 

and instruments used may not reflect the participants’ experience and understanding, 

representing a risk of producing general knowledge that is not applicable to clinical practice 

and for confirmation bias (182).  

Qualitative method, in contrast, is based on the historic hermeneutic and emancipatory 

tradition, which focuses on individuals’ experience and understanding (2). In this tradition, 

reality is viewed as a construct of social interactions and experiences, valuing the context-

sensitive and the meaning a person ascribes to a phenomenon (2, 183). The researcher acts in 

a value-laden, personal, relative and socially-constructed manner (2, 184). The research 

language is informal, while the research process is inductive, emerging and context-bound, 

which is useful for studying a limited number of participants in-depth, providing rich and 

contextual information on a complex phenomenon (2, 183). Furthermore, qualitative method 

may illuminate dynamic processes and generate theories whereby data may be collected in 

natural strings in participants’ own words or categories. However, findings from qualitative 

method might not be generalisable, hypotheses are difficult to test, and the researcher can 

easily influence the result (2, 185).  

Combining quantitative and qualitative methods was previously considered to be impossible, 

as these represent two completely different research paradigms, based on different 

philosophical underpinnings (167, 186, 187). However, in the 1980s a new paradigm debate 

emerged, based on how research was increasingly interdisciplinary, complex and dynamic, 

and acknowledging that both quantitative and qualitative perspectives are needed to facilitate 
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communication, promote collaboration, and conduct more clinically-relevant research (22, 

182). Consequently, the mixed-methods paradigm was developed to support this complexity 

(188).  

Several definitions of mixed-methods have emerged over time, but a widely accepted 

definition has been developed by Creswell and Plano Clark (22):“mixed methods, focuses on 

collecting, analysing and mixing both quantitative and qualitative data in a single study or 

series of studies. Its central premise is that the use of quantitative and qualitative approaches, 

in combination, provides better understanding of research problems than either approach 

alone” p. 5. 

As for the quantitative and qualitative paradigms, the mixed-methods paradigm builds on 

several philosophical assumptions. The ontology (nature of existence) of mixed-methods 

builds on both objectivism and constructivism, while epistemology (theory of knowledge) 

builds on pragmatism. Pragmatism is pluralistic and practically oriented towards “what 

works” and takes different approaches (22). The axiology (study of underlying values) 

involves multiple stances, such as that researchers may include both biased and unbiased 

perspectives (22, 189). The research rhetoric is both formal and informal, and the researcher 

may employ both formal and informal styles when reporting, valuing both objective and 

subjective knowledge (22). Thus, mixed-methods focus on research questions closely related 

to real life, as well as contextual understanding (22, 182). Mixed-methods have the potential 

to make valid inference, challenge existing theoretical assumptions and develop or create new 

ones, as well as to move beyond simple hypothesis testing to provide insight into process and 

mechanisms (22, 182, 190). Mixed-methods benefit from data collection methods from 

different methodological traditions, but it may be a challenge to shift and use multiple 

philosophical positions for a researcher with limited experience (180). Furthermore, mixed-

methods represent a complex research paradigm, and this may lead to an extended research 
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period. Mixed-methods research may also be difficult to identify when part of larger study or 

research programme (189). The latter applies to the current study, where the mixed 

methodology first becomes visible in this thesis. 

6.1.2 Explanatory sequential design 
 

Mixed-methods is a research paradigm in development and, consequently, the research 

designs have expanded over time. Plano Clark and Creswell (187) provide a classification of 

different mixed-methods research designs based on the relationship between quantitative and 

qualitative methods: equal priority, quantitative priority and qualitative priority. Key factors 

for deciding which design to use are related to the purpose of mixing, the theoretical drive, the 

timing, the point of integration, the typological use and the degree of complexity (191). 

Timing of the two methods is classified in three ways: concurrent, sequential and multiphase 

combination, and strategies may be mixed during interpretation, analysis and collection, as 

well as mixing at the level of design (22). Six main major mixed-methods designs have 

emerged: convergent (two independent quantitative-qualitative strands), explanatory (two-

phase design, with collection of quantitative and qualitative data at different times), 

exploratory (the qualitative phase is used to inform the quantitative study), embedded 

(quantitative and qualitative data collection is within a quantitative or qualitative procedure), 

transformative (relates more to the content than to the methodology), and multiphase (study 

1 - informs study 2 - informs study 3 mixed-methods) (22).  

As the main aim of this study was to provide increased understanding of the symptom burden 

and HRQOL of cancer survivors undergoing hyperbaric oxygen therapy for pelvic LRTI, 

explanatory sequential design was considered to be most relevant. The intention of this design 

is to use qualitative data to provide more detail about the quantitative results. In an 

explanatory sequential design, the quantitative and qualitative data are collected and analysed 
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independently, before the strands are connected (22). This allows for integration and 

identification of content represented in both data sets and makes it possible to compare, find 

contrasts and/or synthesise the results to give a more complete understanding of the outcome 

(192). Another important intention of this design is to bring together the different and non-

overlapping weaknesses and strengths of the quantitative and qualitative strands, viewed from 

both numerical and narrative perspectives (2, 192). Based on this design, this thesis has a 

quantitative dominance, as Paper 1 and 3 are based on quantitative methods, while Paper 2 is 

based on qualitative methods.  

However, neither quantitative nor qualitative methods are homogenous fields whereby both 

the quantitative and qualitative strands are also connected to specific research designs (193). 

Two different quantitative research designs are used in this thesis. In Paper 1, a descriptive 

cross-sectional study design, with the purpose of identifying potentially related factors, 

conveying more knowledge about the condition, and illuminating areas for further studies of 

HBOT, was performed (194). In Paper 3, a pre-test - post-test design was used to assess 

changes in the development of pelvic LRTI symptoms and HRQOL following HBOT. This 

design is linked to a quasi-experimental design, usually used to test causal consequences of 

long-lasting treatments, in contrast to “true” experiments with random assignment to a 

treatment and to a control group. (181, 195, 196). To strengthen the chosen design, two 

samples of norm populations for comparison were included (181).  

In the qualitative strand, a phenomenological-hermeneutical design was used (2). This method 

is particularly suitable when the aim is to understand the meaning of the lived experiences of 

individuals concerning a phenomenon (2, 197, 198). The design consists of elucidating the 

individuals’ experiences of the life world (phenomenology) and interpreting them 

(hermeneutic). This is an ongoing process between the individuals’ expressed experience and 

the researchers’ preunderstanding and interpretation (the hermeneutic circle) to gain new 
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insight and understanding of a phenomenon (2, 197, 199). Studying a limited number of 

individuals in-depth may provide rich and contextual information about complex phenomena 

(2). 

To summarise, Figure 2 illustrates the study’s ontological, epistemological, axiological and 

methodological strands.  

 

Figure 2. The study’s ontological, epistemological, axiological and methodological strands. 

 

6.2 The sample 
 

In the following, participant recruitment, eligibility criteria, sampling procedure and the study 

sample are presented.  

6.2.1 Recruitment and eligibility criteria 

 

The participants were recruited from among all cancer survivors with pelvic LRTI assigned to 

HBOT at the Norwegian National Unit for Planned Hyperbaric Oxygen Treatment, between 1  

August 2018 and 31 March 2021. This unit serves the whole country, and to ensure participant 

identification that was as complete as possible, the following inclusion criteria were 

established: 

1. Pelvic radiation injury after intended curative radiation for pelvic cancer.  
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2. LRTI symptoms from bowel, bladder or pelvic area, with signs of radiation injury 

verified by endoscopy or radiology. 

3. ≥ 6 months from completed radiation. 

4. Aged ≥ 18 years. 

Exclusion criteria were: 

1. Severe physical and/or mental comorbidity representing a contraindication for HBOT, 

including signs of active cancer. 

2. Insufficient language skills to complete study questionnaires and/or interviews. 

3. Previously treated with hyperbaric oxygen. 

Participants in the quantitative studies were recruited from among all those who fulfilled the 

eligibility criteria and gave their consent to participate. Participants included in the qualitative 

phase of the study (n = 20) were drawn from the pool of numbers 1- 73 participating at 

baseline (T1), reflecting a broad variety of demographic and medical backgrounds, as 

required for qualitative research (2).  

6.2.2  The participants 

 

In total, 129 cancer survivors met the eligibility criteria, and 107 participants were included in 

the study. Non-participation was related to declining to participate (n = 11), withdrawal from 

treatment (n = 6), and previous HBOT (n = 5). At six-month follow-up, 95 of the participants 

had completed the entire follow-up plan (T1 to T3). Loss to follow-up (n = 12) was related to 

death (n = 1), not returning questionnaires (n = 2), discontinued treatment due to other illness 

(n = 3) and not completing six-month follow-up (n = 6). The demographic and medical 

characteristics of the study population are outlined in Table 2. 
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Table 2. Demographic and medical characteristics of the study population (N = 107) 

 n (%) 

Gender  

   Male 57 (53.3) 

   Female  50 (46.7) 

Age, years [mean (SD, range)] 64 (12, 32-84) 

Education  

   College/University 85 (79.5) 

   Primary/High School 22 (20.5) 

Work Status  

    Sick Leave/Disability Pension/Retired 88 (82.3) 

    Full Time/Part Time Employment 19 (17.7) 

Civil Status  

    Married/Cohabiting 77 (72.0) 

    Single 30 (28.0) 

Children under 18 Years of Age  

    No  94 (87.9) 

    Yes 13 (12.1) 

Medical Characteristics  

Cancer Site  

    Prostate  56 (52.4) 

    Gynaecological 38 (35.5) 

    Rectum/Anus 13 (12.1) 

Referral Diagnosis  

    Cystitis and proctitis 9 (9.4) 

    Cystitis 39 (36.4) 

    Proctitis 45 (42.1) 

    Osteoradionecrosis pelvis 11 (10.3) 

    Wound/fistula  3 (2.8) 

Type of Cancer Treatment  

    Radiation only                                                                                                                   68 (63.6) 

    Chemotherapy and Radiation 39 (36.4) 

Types of Radiation  

    External and Internal 30 (28.0) 

    External only                77 (72.0) 

Radiation Dose, Gy [range]  

    Internal  7.0-75.0 

    External 35.0-100.0 

Months since Radiation [mean (SD, range)] 70.48  

(78.32, 11-511) 

Abbreviations: Gy, Gray; Numbers are number of participants (% of total) if not specified otherwise; SD, 

standard deviation. 

 

The participants in the qualitative study (n = 20), 11 women and 9 men with different civil 

status, were between 36 and 77 years of age. They were diagnosed with different pelvic 

cancers, had undergone pelvic radiation, and had developed different LTRI (radiation cystitis, 

proctitis and osteoradionecrosis). 
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6.3 The HBOT procedure in this study 
 

In Norway, elective HBOT is localised as outpatient treatment at the Norwegian National 

Unit for Planned Hyperbaric Oxygen Treatment. During the six-week treatment course most 

patients are located at a patient hotel within walking distance from the HBOT unit, while local 

patients stay at home. Patients who are in need of hospitalisation stay in different hospital 

wards, depending on their underlying medical condition. 

As for all medical treatment, hyperbaric medicine is also prescribed by physicians, and HBOT 

at the Norwegian national unit is performed by specialised trained nurses according to 

medical regulations and prescriptions. Physicians are available if needed, but are not present 

during treatment sessions. During treatment, patients are completely enclosed in a mono-place 

pressure chamber for approximately two hours once a day. Strict safety routines are applied, 

and patients are under constant observation during treatment, as the ambient oxygen level 

increases the risk of fire and oxygen seizures (97, 200). Details of the treatment procedures 

are outlined in Table 3.  
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Table 3. HBOT procedure at the Norwegian national unit. 

Prior to treatment 

 
Written information, by post and electronic 

- treatment schedule, information about 

treatment, safety rules, hotel information, 

travel information 
First treatment day Oral information by HBOT physician 

- treatment, safety, side-effects, treatment 

effects 

Video 

- to see how treatment is carried out 

Guided tour 

- see other patients being treated in mono-

place chambers, wardrobe facilities, waiting 

area, clothing, preparation orders before 

treatment 

Individual information and check by an HBOT 

physician 

Education by an HBOT nurse 

- safety rules, information about compression 

and decompression, instruction in 

techniques to equalise ear pressure, training 

in using a mask in connection with air 

breathing breaks, clarification of individual 

needs 
Daily before treatment 

 
Daily safety check 

- ensure patients have followed safety rules in 

accordance with procedure (e.g.  avoid 

ointments, synthetic materials), measures 

according to medical equipment, secure and 

comfortable position 
Start of treatment During treatment, patients are totally enclosed, and 

hands-on care cannot be provided  

- initially, HBOT nurse checks that the 

communication system works, starts 

compression and guides the patient (e.g. 

how to equalise pressure), compression 

normally takes seven minutes (slower 
compression for first treatments) 

During treatment 100% oxygen breathed at 2.4 atmosphere absolute for 

90 minutes. Five minutes of air breathing via mask 

twice during each treatment session, to prevent 

oxygen seizures 

- HBOT nurse sits outside the chamber to 

safeguard the patient, communicates by 

loudspeaker system, with film, TV, or music 

distraction according to the patient’s wishes 
End of treatment Decompression  

- HBOT-nurse safeguards and observes 

patient during decompression (five minutes) 

and closes up the treatment session 

After treatment Assist patients with individual needs (e.g. clothing, 

urinary catheter, blood samples, transport) 

Abbreviations: HBOT, hyperbaric oxygen therapy. 
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6.4 Data collection 
 

In this study, quantitative data was collected at three time points: at baseline (T1) before 

HBOT, on completion of the six-week HBOT course (T2), and at six-month follow-up (T3). 

Qualitative data was collected at one time point, i.e. on completion of the six-week HBOT 

course (T2). The timeline and data collection are illustrated in Figure 3. 

 

 

 

Figure 3. The study’s timeline and data collection. 

 

 

6.4.1 Collection of quantitative data 

 

Quantitative data was collected via self-reported questionnaires. The questionnaires were sent 

by post at T1 and T3 and participants returned the questionnaires on arriving at the hyperbaric 

unit for their first treatment, or by post, in a pre-stamped envelope. At T2, the questionnaires 

were issued to the participants by a study nurse and returned in a mailbox at the treatment unit 

before departure.  

The quantitative outcome measures were chosen on the basis of the definition of pelvic LRTI 

symptoms, HRQOL and previous research in this field. Here, the following data was collected 

(Appendix 1):  
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 Medical variables were collected from the medical journal (cancer diagnosis, 

treatment, radiation injuries).  

 Sociodemographic data (age, gender, civil status, education, work status) were 

collected by self-reporting. 

 The Expanded Prostate Cancer Index Composite (EPIC) (201), urinary and bowel 

domain, was used to measure pelvic LRTI. This instrument was chosen as it measures 

perceived urinary and bowel toxicity and complications from radiotherapy for prostate 

cancer and gynaecological malignancies. Based on the past four weeks, the EPIC 

urinary domain consists of 12 items addressing a broad range of urinary tract 

symptoms (e.g. leakage, frequency, incontinence, nocturia, pain and haematuria); 

while the bowel domain consists of 14 items of bowel function and discomfort (e.g. 

urgency, leakage, frequency, bloody stools and pain) (201). Items are scored on Likert 

scales, with different response categories (0-4, 1-3, 1-4 and 1-5), and transformed into 

a 0-100 score (202). The results are presented as a total score for urinary and bowel 

symptoms, based on the means of all items, as well as urinary subscales (function, 

bother, incontinence and irritable/obstructive) and bowel subscales (function, bother). 

The total score is the mean of all the scores, where lower values indicate more severe 

symptoms (202). EPIC was previously used in studies of pelvic LRTI, which enables 

comparison of the results. The instrument has shown to be sensitive to change, valid 

and reliable, with Cronbach’s alpha ranging between 0.82- 0.86 (201, 203, 204). 

 The European Organization for Research and Treatment of Cancer (EORTC) quality 

of life questionnaire QLQ-C30, version 3.0, was used to measure HRQOL (3). The 

EORTC QLQ-C30 was published in 1993 and provides established reference data for 

50 countries (3, 205-207). In line with the literature, EORTC QLQ-C30 defines 

HRQOL as a subjective, multidimensional construct operationalised through nine 
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multi-item scales (3, 161, 173, 176). These include an overall HRQOL scale, five 

functional scales (physical, role, social, emotional, cognitive), three symptom scales 

(fatigue, pain, and nausea/vomiting), as well as six single symptom items (dyspnoea, 

appetite loss, insomnia, constipation, diarrhoea and financial impact). Most of the 

items are scored on a four-point interval scale ranging from 1 (‘not at all’) to 4 (‘very 

much’), while overall HRQOL is scored on a seven-point interval scale ranging from 1 

(‘very bad’) to 7 (‘excellent’). All items are transformed into a 0-100 score (205). For 

functional scales and overall HRQOL, a high score reflects a high level of functional 

capacity associated with better HRQOL. Conversely, high scores on the symptom 

scales represent a high symptom burden associated with poor HRQOL. This 

instrument is widely used both internationally and nationally, with documented robust 

psychometric properties. It has proved to be a reliable and valid measure of HRQOL 

in cancer patients, and Cronbach’s alpha ranges between 0.80 and 0.90 for most multi-

item scales and single items (3, 206). 

 The General Health Questionnaire (GHQ -12) was applied to measure the 

participants’ current mental health (208). The instrument includes questions on the 

level of general psychological distress, as well as the ability to carry out normal 

functions. Positively worded items (e.g. “been able to enjoy normal day-to-day 

activities”) are scored from ‘more than usual’ to ‘much less than usual’. Negatively 

worded items (e.g. “lost much sleep over worry”) are scored from ‘not at all’ to ‘much 

more than usual’. The 12 items are scored on a four-point Likert scale (0-1-2-3), with 

a possible total score ranging from 0-36. A higher score indicates more symptoms of 

psychological distress. The instrument is widely used as a reliable screening tool for 

non-psychotic illness outside a clinical setting, showing generally high validity, 

sensitivity and specificity, and Cronbach’s alpha ranges between 0.82-0.86 (7, 209). 
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6.4.2  Collection of qualitative data 

 

Individual in-depth interviews were considered to be well suited for exploring the cancer 

survivors’ experience related to undergoing HBOT, since their aim is to collect descriptions 

of individuals’ life world in order to understand the significance of their lived experiences 

involving a certain phenomenon (2, 183). The first five interviews were conducted by the 

main supervisor, and 15 interviews by the PhD candidate. To ensure that the interviewers 

conducted the interviews in a reasonably similar manner, a semi-structured interview guide 

was developed, piloted and agreed on (Appendix 2). The interview guide consisted of broad 

topics related to the experience of information, procedures and follow-up during HBOT (210). 

All interviews took place face-to-face in a quiet office at the hospital, but outside the HBOT 

chamber area. The interviewers had not met any of the informants prior the interviews. First, 

the interviewers introduced themselves, and gave a reminder of the purpose and that 

participation in the study was voluntary, including the right to withdraw and the protection of 

anonymity, and ensured permission to audiotape. All interviews started with the opening 

question: “Can you please describe how you have experienced undergoing HBOT?” The 

informants were encouraged to tell their own stories as freely as possible, and their stories led 

to new follow-up questions. The context allowed for exploration of the individual 

participants’ experiences whereby they could direct the course of the interview and identify 

and describe experiences that had not been considered by the researchers. All interviews were 

audiotaped and lasted approximately one hour.  

After each interview, the two interviewers discussed their immediate reflections on special 

themes, nuances or important clues on which to follow up in the forthcoming interviews. Data 

saturation was achieved at around the 15th interview, but 20 interviews in total were 

performed to make sure that no further new topics emerged (211). All interviews were 

transcribed verbatim. Throughout all transcriptions, emotional reactions (e.g. crying), 
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stressing of words, sighing and whimpering were explained and outlined at the same manner, 

to enhance validity and transparency, although identifiable characteristics (e.g. names) were 

not transcribed, to preserve anonymity (2). The transcripts were not returned for corrections or 

comments. 

6.5 Data analysis 
 

In explanatory sequential design, the quantitative and qualitative data is analysed 

independently, using approaches best suited for the respective method before the strands are 

connected (22).  

6.5.1 Quantitative data analyses 

 

All data was coded and processed using the IBM SPSS Statistics for Windows version 26.0 

(212) software package. Normality for all variables was determined by Q-Q plots, skewness 

and kurtosis. Internal consistency, measured by Cronbach’s alpha, was high for all 

instruments (α = 0.80 – 0.91) (213). Normally distributed data was reported with the sample 

mean and standard deviation (SD). All P values were two-tailed, and judged to be significant 

if < 0.05. Correlations were reported with Pearson’s r and explained variance (r2) (214). 

Effect sizes (Cohens d) were judged against the following criteria: small (d ≥ 0.2), medium (d 

≥ 0.5), large (d ≥ 0.8) or very large (d ≥ 1.3) (215).  

In Paper 1, missing values were handled according to the respective questionnaires’ manual 

(202, 208, 216). For EPIC, the four missing items were calculated via the mean for the actual 

participant, since at least 80% of the questions for the actual domain were answered (202). 

For EORTC QLQ-C30, the 12 missing values were calculated via the mean, since at least half 

of the items from the scale had been answered (216). For GHQ, the three missing items were 

imputed as a low score (208). Descriptive statistics were used for demographic and medical 

variables. Predictor variables (age, gender, type of cancer treatment and radiation-related 
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variables) were analysed regarding the outcome variables (pelvic LRTI symptoms, 

psychological distress and HRQOL). Correlation analyses, using Pearson’s r and explained 

variance (r2), and t-tests were used to assess the possible links between pelvic LRTI 

symptoms, psychological distress and HRQOL (214). Regression analyses were used to assess 

the influence of age and clinical variables (cancer site, time since treatment and radiation dose) 

(217). Multiple linear regression analysis was carried out to explore the relationship between 

pelvic LRTI symptoms, psychological distress and overall HRQOL. Finally, to examine the 

influence of psychological distress on the association of pelvic LRTI symptoms with overall 

HRQOL, a moderation analysis was conducted by adding the product of psychological 

distress and pelvic LRTI symptoms to the multiple regression analysis (218).  

Differences in pelvic LRTI symptoms and HRQOL between the time points T1, T2 and T3 

were analysed by paired sample t-tests for changes in the mean. As a value of less than 80 

points in the urinary and bowel domain of the EPIC indicates a significant symptom burden, 

separate analyses were performed for the respective subgroups (EPIC <80 at T1) (219). 

Development over time is presented as a mean change of scores, with 95% confidence 

intervals (CI). To assess the correlation of the development in pelvic LRTI symptoms with 

overall HRQOL, Pearson’s correlation analysis was used (214). Multiple linear regression 

was carried out to explore the relationship between changes in overall HRQOL as dependent 

variables and changes in pelvic LRTI symptoms as independent variables.  

As a control group was not included, using references or norm data made it possible to 

compare the present study’s EPIC scores, EORTC QLQ-C30 scores and GHQ-12 scores (205, 

220, 221). Z-tests were performed to analyse differences between the cancer survivors’ mean 

scores and the mean scores in the reference populations, providing z-scores and two-tailed P 

values (213). Since data from a Norwegian norm population of cancer survivors with pelvic 

LRTI is not available, the following populations were regarded as suitable for comparison: 
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EPIC bowel and urinary scores were compared to a sample consisting of controls without 

prostate cancer (N = 112) (220). Mean scores of HRQOL were compared to the EORTC 

reference values of a general European population (N = 7802) (205). The GHQ-12 mean 

scores were compared with a sample consisting of Norwegian married/cohabiting students (N 

= 1750), studied by Nerdrum et al. (221). Effect sizes of the differences in means between 

cancer survivors (Meancs) and the other adult populations (Meannorm) were defined by 

Cohen’s d = (Meancs – Meannorm)/ SDi, where SDi was the pooled SD within groups (222). 

6.5.2  Qualitative data analysis 

 

In Paper 2, the qualitative data consisted of 20 interviews, representing 168 pages of 

transcribed text. As the aim of Paper 2 was to understand the individuals’ experience of the 

HBOT process, systematic text condensation (STC) was considered an appropriate method to 

analyse the data. STC was developed by Malterud (185) as a pragmatic procedure, inspired by 

phenomenological ideas, presenting the participants’ experience as expressed by themselves, 

rather than by exploring the possible underlying meaning of what was said (185, 197). (185). 

As various theoretical frameworks can be applied, STC is thus aligned with the philosophical 

basis for mixed-methods (185, 223).  

STC is a four-step analysis: 1) gaining a total impression; 2) identifying units of meaning; 3) 

abstracting the contents of individual units of meaning; and 4) summarising their importance 

(185). These four steps start with interviewing and then move into analytical circles, aligning 

with the study’s phenomenological approach (2).  

The analysis was performed in collaboration by the two supervisors and the candidate, 

emphasising the importance of working both systematically and creatively to capture the 

essence of the informants’ experiences. First, the three authors of Paper 2 read the interviews 

separately to obtain a general overview related to the study aim. Then, the individual’s 
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general impression was discussed in common until consensus was reached. Secondly, the 

interviews were re-read and eight representative units of meaning were extracted. The units of 

meaning were transferred into NVivo12 software for further coding and sorting of the data 

(www.qsrinternational.com). Thirdly, the coded units of meaning were condensed into 

abstracted themes, engaging the researchers in an analytical circle between the identified 

themes, transcribed interviews and discussions. On the conclusion of this process, four themes 

were agreed on, each having two subthemes. The analyses were discussed among the 

supervisors and the candidate until all interpretations achieved consensus (2, 185). The 

findings were summarised and quotations from participants were used to illustrate the 

findings and ensure the participants’ exact meaning (185). The quotes were translated from 

Norwegian to English as accurately as possible, and the procedures for the analysis of the 

findings are outlined in Table 1 in Paper 2, to allow for transparency (2, 185, 224). The three 

researchers represented different disciplines; two of them had a nursing background, and one 

researcher had a physician background. Two of the researchers had extensive experience from 

HBOT, while one of the researchers had no knowledge within this field, but was an 

experienced qualitative researcher. During the analyses, both the candidate and the 

supervisors were aware of the researchers’ pre-understandings, specifically those related to 

previous professional and personal experience, as well as the theoretical and professional 

standpoints, and these pre-understandings were included in the discussion throughout the 

analyses (185). 

6.5.3  Merging quantitative and qualitative results 

 

As previously described, the first two analysis steps in an explanatory sequential design are to 

analyse the quantitative and qualitative data separately. The quantitative data was analysed at 

baseline (T1) and in relation to the development of pelvic LRTI symptoms and HRQOL from 

T1-T3. The qualitative data was analysed after completion of all the in-depth interviews at T2. 

http://www.qsrinternational.com/
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The third step in this analysis was to identify content areas that were present in both data sets 

and to compare, find contrasts and/or synthesise the results to provide a more complete 

understanding of the data (22). During this process, the amounts and content that were present 

in both the quantitative and the qualitative data sets were examined and structured. The aim of 

merging the results was to provide a more comprehensive picture of the participants’ situation 

at baseline (T1/Article 1), of the HBOT process (T2/Article 2) and of the outcome during and 

after HBOT (T1-T3/ Article 3). 

6.6 Ethical considerations 
 

Research focused on human beings is governed by strict ethical and legal regulations (225, 

226). The management at the Centre for Crisis Psychology, Faculty of Psychology, University 

of Bergen and at the Department of Occupational Medicine, Haukeland University Hospital, 

approved the study. The present study is part of a prospective longitudinal study with the 

overarching aim of increasing the understanding of, and knowledge about, pelvic LRTI in 

cancer survivors undergoing HBOT. The main study was pre-registered in ClinicalTrials.gov. 

(Identifier: NCT03570229) (Appendix 3) and approved by the Regional Committee of 

Medical Research Ethics in Northern Norway (ID 2018/706) (Appendix 4). The study was 

conducted in compliance with the Declaration of Helsinki and the requirements for data 

processing and handling of the data (226, 227). The participants received written information 

about the study concerning how participation was voluntary, all data would be treated 

confidentially, that they could withdraw from the study at any time, and that data could be 

deleted on request. All participants gave written consent (Appendix 5).  

Confidentiality was ensured in several ways. A coding system was used whereby numbers 

replaced the participants’ names and the list connecting names and numbers was stored on 

the hospital’s research server, and only the research team had access to the list. The 
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numbered questionnaires (T1 and T3) were sent by post and delivered (T2) to the participants 

by a study nurse, who was not involved in the analysis of the data. Questionnaires were 

returned by post, in pre-stamped envelopes (T1 and T3), and/or in a mailbox at the 

hyperbaric unit (T2). All completed questionnaires were stored in a locked cabinet at the 

university, separate from the data file. Data plotting was performed by a scientific assistant or 

by the candidate, and the data file was stored on the university’s research server, with no 

identification beyond participant numbers. The sound recorder used to record the interviews 

was stored in a locked cabinet. Recordings that were converted to mp3 files and the 

anonymised interview transcripts were stored on the research server at the hospital.  

Quantitative and qualitative methods may entail different ethical issues regarding 

confidentiality, closeness and potential stress (2, 22, 210). All professionals involved in the 

study had extensive experience either as researchers, clinicians, or both, as well as the 

competence to ensure ethical and safe conditions for all participants.  

The interviewers only met the participants during the interviews, and they were not involved 

in the HBOT process.  

Four specific ethical issues require careful consideration when undertaking research 

consisting of qualitative interviews: 1) impose no harm, 2) use relationship-based ethics, 3) 

disclose the research intent, and 4) ensure the right to privacy and confidentiality (228). The 

interviewers sought to diminish any risk of subtle injury, such as decreasing a participant’s 

self-esteem or exposing a participant to undue stress via their experiences during the interview 

(229). The interviewers made sure the study was understood and gave the participants the 

opportunity to ask questions and make comments, communicated that their participation was 

valuable and appreciated, and sought to provide safe and comfortable interview frames, 

interact in a polite manner, and encourage participants to speak freely. (2, 228).  

As the participants were outpatients for six successive weeks, skilled healthcare professionals 

could immediately attend to any problems arising during the HBOT course. The majority 
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reported only minor, temporary and highly tolerable side-effects of HBOT, and those who 

experienced adverse events were immediately seen by a physician for management and 

follow-up. In addition, all patients treated at the national unit had access to a physician on 

duty and medical requests were managed and followed up rapidly and successively. In 

addition, during the entire study period, all three researchers were available for telephone 

contact. All enquiries were discussed within the group, with subsequent feedback to the 

participant. 
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7.  FINDINGS 
 

In this section, the findings from the three papers are presented, followed by the merged 

results, in which the findings are connected. 

7.1 Paper 1: Symptom burden, psychological distress, and health-related quality of 

life in cancer survivors with pelvic late radiation tissue injuries 
 

Curative radiotherapy for pelvic cancer may lead to severe LRTI. However, limited 

knowledge exists about pelvic cancer survivors’ LRTI symptoms, distress and HRQOL. 

The aim of this study was to assess the symptom burden, psychological distress and HRQOL 

in survivors with established pelvic LRTI compared to norm populations, and to investigate 

the relationship between these factors.  

A descriptive cross-sectional study design with the purpose of identifying potentially related 

factors was used. Cancer survivors referred for treatment of established pelvic LRTI were 

recruited nationwide. A total of 107 participants were included (53% were men, n= 57) with a 

mean age of 64 (range 32-84 years, SD=12). Pelvic LRTI were assessed according to EPIC 

urinary and bowel domain, compared to a sample consisting of controls without prostate 

cancer (N=112). Psychological distress was assessed by GHQ-12, compared with a sample 

consisting of Norwegian married/cohabiting students (N=1750). Finally, HRQOL was 

assessed by EORTC QLQ-C30, and compared with a general European population (N=7802).  

The participants reported more urinary (mean 68.7 vs. 89.5; p< 0.00; d=1.4) and bowel 

symptoms (mean 62.5 vs. 92.4; p<0.00; d=2.7) than norms with large to very large effect 

sizes. Survivors treated with both chemotherapy and radiation reported more bowel 

symptoms than participants treated with radiation only (mean 58.8 vs. 65.0, p=0.02). Women 

reported more bowel symptoms than men (mean 58.6 vs. 65.7, p<0.00). The cancer survivors 
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also scored higher, with medium effect size on psychological distress than the norms (mean 

13.4 vs. 10.3; p<0.00; d=0.6). Overall HRQOL score (mean 54.9 vs. 71.2; p<0.00; d=0.7) 

and all sub-dimensions were lower compared to norms, except for emotional symptoms. The 

greatest differences were found for social function (mean 48.3 vs. 87.5; p<0.00; d=1.7), 

physical function (mean 69.1 vs. 89.8; p<0.00; d=1.2), and role function (mean 59.9 vs. 84.7; 

p<0.00; d=0.9), with large or very large effect sizes. The cancer survivors also scored 

significantly higher than the norms on all HRQOL symptom scales, with very large or large 

effect sizes for diarrhoea (mean 50.5 vs. 7.0; p<0.00; d=2.3), constipation (mean 28.6 vs. 6.7; 

p<0.00; d=1.2), fatigue (mean 49.8 vs. 24.1; p<0.00; d=1.1), and insomnia (mean 47.1 vs. 

21.8; p<0.00; d=0.9). A higher symptom burden and higher levels of psychological distress 

were associated with lower HRQOL (r2=46%), but psychological distress did not moderate 

the influence of symptoms on HRQOL.  

In conclusion, the results indicate that cancer survivors with established pelvic LRTI 

experience a severe symptom burden, moderate levels of distress, and highly impaired 

HRQOL compared to norm populations, several years after radiotherapy. To improve 

HRQOL, treatment of pelvic LRTI symptoms and interventions related to coping are of great 

importance. Systematic assessment of symptoms and HRQOL after radiation should be part 

of routine follow-up and be confirmed by objective measures and available treatment 

options, such as HBOT. In addition, educating survivors in adequate coping skills may be of 

importance. 
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7.2 Paper 2: Experiences of patients with pelvic radiation injuries after cancer 

treatment undergoing hyperbaric oxygen therapy – a phenomenological-

hermeneutical study 
 

Radiotherapy for pelvic cancers may cause pelvic LRTI, and HBOT is one of few treatment 

alternatives. However, we have limited knowledge of how cancer survivors with pelvic LRTI 

experience undergoing HBOT.  

The aim of this study was to explore how cancer survivors with pelvic LRTI experienced 

undergoing HBOT.  

The study was anchored in qualitative methods, using a phenomenological-hermeneutical 

approach. To capture the lived experience of undergoing HBOT, in-depth, individual, face-to 

face interviews of 20 cancer survivors were conducted on completion of six-week HBOT. The 

interviews were audiotaped and lasted for approximately one hour. STC was used to analyse 

the transcribed data.  

Four main themes emerged from the analyses of the participants’ experience of undergoing 

HBOT: 1) approaching an unknown world; 2) from feeling worried to becoming familiar; 3) a 

long-lasting treatment course; and 4) the treatment course went better than expected. Each of 

the main themes was further elaborated as two sub-themes. 

In relation to the first main theme, “approaching an unknown world”, the participants reported 

that they knew very little of what to expect on arriving at the HBOT unit and that they 

experienced entering a totally unknown environment. This was elaborated on in the sub-theme 

“I got information but still I felt unprepared”, describing that even if they had received written 

information, they still experienced being unprepared. Even though HBOT was highly 

unknown and unfamiliar, the participants expressed that they were eager to start treatment. 

This was identified as the sub-theme “HBOT may be my chance”, where they articulated a 

common hope that HBOT would reduce their LRTI symptoms.  
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Main theme two “from feeling worried to becoming familiar”, describes a gradual process 

from being worried about towards becoming familiar with HBOT. This was further outlined 

in the sub-theme “I had to learn how to dive”, whereby learning by doing was important to 

reducing the participants’ anxiety and distress. Another important facet was identified in the 

sub-theme “the nurses made me feel safe”, describing the importance of the nurses’ 

competence and close follow-up.  

The third main theme “a long-lasting treatment course” elaborated on how the participants 

experienced HBOT as protracted and time consuming. This experience was expressed by the 

sub-theme “being away from daily life”, describing how their absence from home greatly 

affected their everyday life. Another facet was identified as the sub-theme “the importance of 

peer patients”, describing the crucial importance of meeting other survivors with pelvic LRTI.  

The fourth main theme identified was “the treatment course went better than expected”. This 

positive experience was based on two main features. The first facet was outlined in the sub-

theme “experiencing limited side-effects” showing few, mild and transient side-effects, even 

if some patients experienced fatigue. In the second facet “the beginning symptom relief”, the 

participants experienced improvement in LRTI during the HBOT course, with pain relief, less 

bleeding, and reduced urge and frequency of urine and faeces.  

In conclusion, many participants experienced starting HBOT as unfamiliar, and detailed 

information was needed to prevent distress and anxiety. Clear routines, highly specialised 

personnel with a reassuring attitude, person-centred care, and distraction during treatment 

seemed to be important factors to make the patients feel safe and to promote coping during 

treatment. The long HBOT course seemed to be outweighed by the benefits of meeting peer 

patients. Overall, HBOT was experienced as a safe treatment with limited side-effects, with 

many patients noticing initial symptom relief.  
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7.3 Paper 3: Symptom burden and health-related quality of life six months after 

hyperbaric oxygen therapy in cancer survivors with pelvic radiation injuries. 
 

Radiotherapy is an important aspect of the multimodal curative treatment for pelvic cancers, 

but LRTI may develop months or years later. HBOT has shown positive effects for a range of 

LRTI, but limited research exists concerning HBOT for pelvic LRTI and how this influences 

survivors’ HRQOL.  

The aim of this study was to explore the development of and association between symptoms 

of pelvic LRTI and HRQOL following HBOT.  

A quantitative method with a pre-test – post-test design was used to evaluate the changes in 

pelvic LRTI and HRQOL from baseline (T1), on completion of the six-week HBOT course 

(T2), and at six-month follow-up (T3). EPIC urinary and bowel domain and EORTC QLQ-

C30 were used to assess pelvic LRTI symptoms and HRQOL.  

Cancer survivors referred for treatment of established pelvic LRTI were recruited nationwide. 

Ninety-five participants were included in the study (52.6% were men) with a mean age of 65 

years (range 32-84 years, SD=11.6).  

Participants reported a high LRTI symptom burden at baseline (urinary EPIC, mean (SD) 70.0 

(17.2); bowel EPIC 63.4 (13.4)), while this improved statistically and clinically significantly 

six months after treatment (p = <0.00), representing minimal clinically important changes. 

Participants with the highest symptom burden (EPIC < 80) at baseline reported moderate 

improvement of bowel symptoms. 

The participants reported severely impaired HRQOL, including overall HRQOL, all functions 

and symptom scales at baseline. At six-month follow-up, overall HRQOL, all functional 

scales and most symptom scales/scores increased statistically and clinically significantly. 

Here, scores for overall HRQOL, social and role function, sleep disturbance, diarrhoea, pain, 
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and fatigue improved the most after HBOT. This increase was already present at the end of 

the HBOT course, except for physical and cognitive function and fatigue.  

The correlations between the changes in LRTI symptoms and HRQOL were positive, but 

weak, and the changes in LRTI symptoms from baseline to six-month follow-up explained 

only 10% of the variance in overall HRQOL. 

In conclusion, the results indicate a beneficial, but small outcome for pelvic LRTI symptoms 

and HRQOL after HBOT at six-month follow-up, and already with a noticeable improvement 

at the end of HBOT. Changes in pelvic LRTI were associated with changes in HRQOL.  
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7.4 Merging the results from the three papers 
 

Merging the findings from the three papers may provide a more comprehensive picture of the 

participants’ situation at baseline (T1), from the HBOT process (T2) and from the outcome 

after undergoing HBOT (T2 and T3), as presented in Table 4 and elaborated below.  

Table 4. The merged results from the three papers 

 Baseline (T1) The HBOT process End of Treatment (T2) 6 Months Follow-up 

(T3) 

Quantitative results 

Papers 1 and 3 

Significantly (P<.00) 

greater pelvic LRTI 

symptoms (d=1.4- 2.7), 

psychological distress 

(d=0.6) and impaired 

HRQOL (d=0.7) 

compared to norms. 

Psychological distress 

did not moderate the 

influence of symptoms 

on HRQOL. 

 Statistically and clinically 

significantly (P<.00) 

improved LRTI symptoms 

and overall HRQOL, and all 

the functional dimensions, 

except for physical function, 

and most HRQOL symptoms 

from baseline  

Statistically and 

clinically significantly 

(P<.00) improved LRTI 

symptoms, HRQOL and 

all the functional 

dimensions and most 

HRQOL symptoms from 

baseline  

 

A further significant 

improvement in LRTI 

symptoms (P<.00) and 

HRQOL symptoms and 

fatigue and dyspnoea 

were found, where 

emotional function 

decreased, while the 

other dimensions were 

stable 

 

 
Qualitative results 

Paper 2 

Approaching an 

unknown world: 

b) ‘HBOT may be my 

chance’ 

Approaching an 

unknown world: 

a) ‘I got information, 

but I still felt 

unprepared’ 

 

From feeling worried 

to becoming familiar: 

a) ‘I had to learn how 

to dive’ 

b) ‘The nurses made 

me feel safe’ 

The treatment course went 

better than expected. 

a) ‘Experiencing limited side-

effects’ 

b) ‘Experiencing the 

beginning of symptom relief’ 
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A long-lasting 

treatment course: 

a) ‘Being away from 

daily life’ 

b) ‘The importance of 

peer patients’ 

Merged results High pelvic LTRI 

symptom burden, 

psychological distress, 

impaired HRQOL, all 

areas of life affected. 

HBOT represented an 

unknown, but hopeful 

treatment modality.  

Difficult to absorb the 

HBOT information. 

Adjusted quickly to 

HBOT procedures, 

and nurses’ follow-up 

and care were crucial. 

Long-lasting 

treatment away from 

daily life outweighed 

by peer support. 

Improved LRTI symptoms 

and most HRQOL 

dimensions and symptoms. 

Positive experience of 

HBOT, with limited side-

effects and with symptom 

improvement. 

Further improved LTRI 

symptoms. All HRQOL 

dimensions and most 

symptoms improved 

from baseline and were 

maintained from T2-T3. 

From T2- T3 fatigue 

improved, and emotional 

function decreased. 

Abbreviations: d, effect size, judged as small (d ≥ 0.2), medium (d ≥ 0.5), large (d ≥ 0.8) or very large (d ≥ 1.3); EORTC-QLQ-C30, 

European Organization for Research and Treatment of Cancer Quality of Life questionnaire; EPIC, The Expanded Prostate Cancer Index 

Composite; Overall HRQOL, overall health-related quality of life; P, statistically significance difference < .05. 

At baseline, participants reported a high symptom burden, psychological distress and impaired 

overall HRQOL, with all function and most symptom scale scores compared to norms 

indicating that all areas of their lives were impaired. The qualitative findings support the 

quantitative results, describing vast physical, emotional and social implications of pelvic 

LRTI. However, the participants described HBOT as an important and hopeful opportunity 

for symptom relief.  

The qualitative data describe the HBOT process. These findings indicate that participants 

received limited information about HBOT from the referring physician. Even if they got 

information from the HBOT section, they still felt unprepared about what to expect. 

However, the nurses’ information, individual follow-up and holistic care, in addition to 

learning by doing, were important factors in reducing the participants’ initial anxiety and 

distress. The participants experienced that the daily, long-lasting treatment course greatly 

affected their everyday lives. However, meeting other survivors of pelvic cancer greatly 

outweighed the absence from home and family. 

At the end of HBOT, pelvic LRTI symptoms, overall HRQOL and all functional scales, 

except physical and cognitive function, and most HRQOL symptom scales, improved. The 
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qualitative findings support these quantitative results, as the participants experienced 

symptom improvement and limited side-effects – even if some experienced fatigue.  

Six-month follow-up were assessed via quantitative data. Here, a further improvement in 

pelvic LRTI symptoms, overall HRQOL, all HRQOL functional and most symptom scales 

from the end of HBOT was found. Participants with the most severe symptom burden at 

baseline improved the most. The findings indicate, however, that as a mean, the participants 

still had severe pelvic LRTI symptoms and impaired HRQOL, except for the emotional 

function, for which participants align with the norm population.   
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8.  DISCUSSION 
 

This thesis covers a limited studied field, and to the best of our knowledge, this is one of the 

first studies in Norway contributing to knowledge about the symptom burden and HRQOL of 

cancer survivors undergoing HBOT for pelvic LRTI. It is the first mixed-methods study to 

follow pelvic LRTI survivors’ outcomes and the process following HBOT that may contribute 

to more comprehensive understanding and knowledge.  

In the following, the merged results from the three papers are discussed, including the 

participants’ situation at baseline, the HBOT process, and participants’ status at the end of 

treatment and at six-month follow-up. This section ends with reflections on the study’s 

methodological strengths and limitations.  

8.1.  A highly burdened sample at baseline  
 

The quantitative results from this study show that the participants reported a severely high 

symptom burden compared to norms. This was supported and outlined by qualitative data, and 

described as high levels of pain, diarrhoea, urge for urine and faeces, bleeding and sleep 

disturbance.  

Previous research indicates that radiotherapy to the pelvic area may cause severe side-effects 

(78, 81, 104, 127, 230). However, studies of long-term pelvic LRTI are sparse. Previous 

research has documented a decline in pelvic LRTI symptoms over time, mainly explained by 

complete disease remission (102, 231). However, the participants in our study reported severe 

impacts at mean six years after radiation, indicating a long-term symptom burden, whereby 

the symptoms had not, or had not sufficiently, declined over time. In line with the literature 

(6, 52, 230), the high symptom burden may indicate that, although it is well-known that LRTI 

may occur after radiotherapy, these late effects seem to be severely underdiagnosed. This is 
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supported by the qualitative findings outlining that most of the participants had been unaware 

of their LRTI diagnosis, and that in many cases the diagnosis was not objectively verified 

before referral to HBOT. A major problem may be limited knowledge of pelvic LRTI among 

both healthcare professionals and survivors, and, consequently, that the symptoms may be 

misinterpreted as normal aging symptoms (6, 52). In addition, the limited spectrum of 

symptomatic treatment for pelvic LRTI often seems to have only a short-term effect, leaving 

the survivors with a severe symptom burden over time (230). Even if pelvic LRTI only affect 

5-15 % of cancer survivors and newer radiotherapy modalities seek to limit the debilitating 

effects on normal tissue, the symptom burden of cancer survivors with pelvic LRTI is highly 

worrisome (6). 

Previous research indicates that LRTI generally have a negative impact on HRQOL (6, 52, 

230). In line with this, our participants reported low levels of overall HRQOL, as well as 

impaired physical, role, cognitive and social function compared to norms at baseline. These 

results are supported and outlined by the qualitative findings, where the participants expressed 

that their pelvic LRTI particularly impaired their physical activity, social participation and 

work ability. Together, the quantitative and qualitative findings indicate that all aspects of the 

survivors’ lives were negatively impacted. Both quantitative and qualitative findings also 

revealed that the participants in particular experienced high levels of diarrhoea, pain, urge, 

sleep disturbance and fatigue. In general, pain, fatigue, and sleep difficulties are the most 

common late effects in cancer survivors, documented as impairing everyday life and social 

interaction, and increasing the risk of poor health and disability (39, 46, 232-239). 

The quantitative results revealed that the participants reported moderately more psychological 

distress than norms. This supplements earlier findings suggesting that a combination of 

cancer-related symptoms, pain, fatigue and psychological distress adds to the total burden of 

cancer survivors, impairing their coping with everyday life (240, 241, 242). Previous research 
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has shown that late effects of cancer treatment, especially radiotherapy, are associated with 

psychological distress and contribute to impaired HRQOL (79-81). In addition, our results 

revealed a stronger correlation between the participants’ overall HRQOL and distress than 

between overall HRQOL and pelvic LRTI. This is an important finding suggesting that other 

factors than LRTI may also add to the cancer survivors’ distress. Such factors may be related 

to experience in the cancer trajectory (81, 82), fear of cancer recurrence, having elevated 

levels of psychological distress before cancer treatment, being about to start a new and 

unknown treatment, or other factors unrelated to cancer (101, 141). However, the high 

correlation between psychological distress and overall HRQOL reflects the strong 

interrelatedness between these factors (41, 52, 84, 243).  

An interesting finding was that the participants’ emotional function was comparable to the 

norm population, which may have several explanations. First, the participants may have 

adapted and developed several coping strategies in dealing with pelvic LRTI (244). Secondly, 

in the qualitative study the participants expressed that HBOT was their chance for symptom 

improvement, whereby any improvement would be welcomed. Hope and outcome 

expectations are important resources in coping, playing a predominant role in mediating 

distress and promoting HRQOL (173). 

The merged results indicate that the participants experienced multidimensional challenges, 

which hampered their overall HRQOL, and provide a comprehensive picture of the cancer 

survivors’ situation. This complies with the theoretical concept of HRQOL, underpinning that 

impairment in one dimension may negatively influence other dimensions, as well as overall 

HRQOL (3). Furthermore, the interaction and complexity between pelvic LRTI, 

psychological distress and HRQOL underpin the importance of a bio-psychological or holistic 

view in survivorship follow-up, screening and treatment interventions. In line with the theory 
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of HRQOL and health promotion, our findings indicate a need for holistic interventions to 

promote long-term health.  

Despite an increased focus on cancer survivors, late effects and HRQOL, our results support 

prior research stating that this area is in need of improvement (34, 35, 36, 38, 39, 107). In line 

with prior research (34, 36, 37, 245, 246), our findings indicate that healthcare professionals 

need increased knowledge related to pelvic LRTI and their holistic consequences. In 

particular, the transition from cancer treatment to survivorship is documented as crucial for 

cancer survivors’ long-term health, highlighting the importance of information and screening 

for late effects, individual survivorship plans, holistic follow-up care, and health-promoting 

interventions (29) (34, 37). Here, research indicates that nurse-led follow-up appears to 

provide a more holistic focus, in line with cancer survivors’ complex needs in combination 

with medical follow-up (247-249).  

8.2 Positive experiences of HBOT 
 

The qualitative findings indicate that the participants experienced entering the HBOT 

facilities as approaching an unknown and rather scary world. The participants expressed that 

they had received limited information from the referring physician and that the information 

from the HBOT unit was difficult to absorb. Previous research shows that entering a high-

technology treatment, including HBOT, may increase the level of distress and anxiety, so that 

patients would like more information in advance, as this may reduce treatment-related distress 

(141, 143, 144). HBOT is a highly-specialised treatment at national level, so that our results 

indicate that it may be challenging to reach out with information to different levels of 

healthcare services; and that efforts are needed to make this treatment visible to both 

healthcare professionals and patients as a treatment modality for LRTI (250). However, 

participants also found it difficult to relate in advance to the information from the HBOT unit, 
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consisting of written information and a video link. This may indicate a need for critical review 

of the information provided from the HBOT unit, for example by involving user 

representatives, or by a telephone call from an HBOT nurse, to clarify misunderstandings, 

before admission to the unit.  

The findings revealed that participants quickly adapted to the safety routines and the pressure 

chamber treatment. Here, an important factor seems to be ‘learning by doing’, as it may be 

difficult to imagine the treatment procedures beforehand (144, 146). However, the findings 

indicate that the most important factor to ensure smooth adjustment was the individualised 

care and close follow-up by the nurses, as well as distraction during treatment. The 

importance of predictability and person-centred care are essential for positive coping 

experiences, where psychoeducation and close follow-up have been documented to facilitate 

patients’ feeling of safety (145, 146). In addition, the close follow-up by the nurses over the 

course of six weeks may have enhanced coping and empowerment, which have been shown to 

be important factors for cancer survivors’ HRQOL (155, 167, 173).  

Furthermore, the findings elaborated that participants experienced the six-week treatment as 

protracted and time-consuming, and that absence from home, family and friends affected their 

everyday lives. Interestingly, they expressed that meeting other cancer survivors to some 

degree outweighed their absence from ordinary life. They experienced that meeting peers 

gave them someone to spend time with, while for many this was the  first time they had the 

opportunity to share their experiences. This finding is supported by a range of studies linking 

peer support to better psychosocial outcomes in cancer survivors (38, 251-254). 

Consequently, this highlights the importance of organising HBOT in a way that promotes peer 

support.  
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To sum up, the findings from the HBOT process show the importance of a holistic approach 

to the pelvic LRTI survivors’ complex needs, in alignment with the HRQOL concept and 

health promotion (3). 

8.3 Decreased symptom burden and increased HRQOL at the end of HBOT  
 

The quantitative findings from EPIC and HRQOL symptoms already showed a statistically 

significant and clinically relevant improvement in the participants’ symptom burden on 

completion of HBOT, even though the regeneration of tissue was expected to take longer (71, 

89, 255). The results are supported by the qualitative findings, where the participants 

experienced rather specific and quasi-objective symptom relief during the treatment course, 

such as fewer toilet visits and less sleep disturbance, which may indicate structural 

improvement (18). In line with the literature (97, 98), participants experienced highly 

tolerable and limited side-effects from HBOT, such as barotrauma and visual disturbance. 

However, several participants described debilitating fatigue during the treatment course. This 

may be related to oxygen toxicity and pre-existing fatigue, but is not described in previous 

literature. Consequently, this may be important for the information given patients, any more 

research may be needed. 

The findings revealed that participants with the most severe baseline symptoms improved the 

most, which was in line with previous studies (18, 19, 133). This is important knowledge for 

healthcare professionals and may indicate which patients might benefit the most from HBOT. 

In addition, this is important patient information with respect to clarifying expectations in 

advance of HBOT. Even though the changes observed were of rather small magnitude, the 

symptom development corresponds to noticeable and clinically relevant improvement (205, 

256).  
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Furthermore, major statistically significant and clinically relevant changes in overall HRQOL 

and most functional scales were found on completion of HBOT. This may have several 

explanations, such as a reduction of LRTI beginning to fulfil the participants initial hope of 

improvement, being in a setting that facilitates increased knowledge of their condition, 

promotion of coping, positive experiences, interaction and social support – which are all 

important factors for facilitating HRQOL (155, 167, 173). In line with the Norwegian cancer 

strategy (13) these results indicate the importance of focusing on HRQOL and not merely on 

pelvic LRTI symptoms. 

8.4 Further decreased symptom burden and increased HRQOL at six-month follow-

up 

 
The quantitative results revealed a further improvement in specific LRTI symptoms and in 

less specific symptoms such as sleep disturbance, diarrhoea, pain and fatigue at six-month 

follow-up. However, even if the improvement was statistically significant, it was small and 

less than shown in the RICH-ART study by Oscarsson et al. (18). This may indicate that our 

sample was more heterogeneous, as it included several LRTI symptoms, while the RICH-

ART study focused solely on radiation-induced cystitis (18). It must also be considered that 

our results are based on group means, which can mask that a significant proportion of patients 

may have experienced greater improvement. More research is still needed to clarify which 

patients will benefit most from HBOT.  

Even if the pelvic LRTI improvement was small, it was clinically significant, entailing a 

noticeable change for the participants. This is in line with the participants’ expressed hope at 

baseline, when they expressed that all symptom relief, no matter how small, would be of 

importance, and coincident with health promotion and the health continuum stating the 

importance of bringing participants closer to health than illness (157, 158, 257). This is also 

supported by the HRQOL symptoms, showing significant improvement in diarrhoea, sleep 
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disturbance, pain and fatigue. Furthermore, an improvement in overall HRQOL, and in social 

and role function, indicates improvement in all areas of the participants’ everyday life, which 

must be seen as important. This adds to the knowledge that, beyond LRTI symptoms, HBOT 

may also have a positive impact on HRQOL (18, 20, 133, 149). However, the development in 

HRQOL from the end of HBOT to six-month follow-up was limited, indicating that the 

treatment course was most important for HRQOL, as discussed above. In contrast, fatigue 

improved the most from the end of HBOT to six-month follow-up. In this case, an explanation 

may be that HBOT triggers fatigue, and that it takes time to improve fatigue (97, 258, 259). 

Furthermore, the participants’ emotional function score declined significantly from the end of 

HBOT to six-month follow-up, but was then still significantly better than at baseline. Again, 

several explanations may be relevant, such as disappointment that symptoms persisted, 

returning to the challenges of everyday life, a lack of peer support and less professional 

follow-up. This underlines the importance of local survivorship follow-up, for example from 

GPs, cancer care coordinators and/or municipal rehabilitation. 

The merged results provide valuable supplementary information about the HBOT process on 

completion of treatment and at six-month follow-up. Although the causal direction could not 

be determined from this pre-test – post-test data, the findings suggest that HBOT may be 

useful for improving pelvic LRTI symptoms, as well as improving the survivors’ HRQOL. 

Furthermore, the mixed-methods design and multiple points of measurement also add to the 

reliability of the results, because the different strands shed light on each another and therefore 

provide a more comprehensive view of the baseline results, the HBOT process and the 

outcomes. Together, the merged results support the interpretation that the results are most 

likely related to HBOT, indicating decreased symptom severity and enhanced HRQOL after 

treatment. However, the results also indicate that the participants’ pelvic LRTI symptoms and 
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HRQOL were still substantially below the norms, indicating a further need for symptom 

management and holistic follow-up to promote health and HRQOL (3, 260-262). 

8.5 Methodological considerations 
 

Mixed-methods research involves both quantitative and qualitative approaches and these 

methods also differ in terms of how they verify the quality of the data and results. In the 

methodological considerations, the candidate followed Creswell and Plano-Clark’s (22) 

recommendations for verification checks for each strand, as well as for the merged data. In 

addition, this section must also be viewed in connection with the choices and description in 

the methodology section. 

8.5.1  Reflections on the quantitative results 

 

Quantitative data were used in Papers 1 and 3. Reflections on the methodological strengths 

and limitations of quantitative research include discussion of the study’s validity (how 

accurately a method measures what is intended), and reliability (whether the results can be 

reproduced under the same conditions) (263, 264). Consequently, reflections on the 

quantitative sample, the HBOT treatment, research designs, data collection, statistics and the 

researcher’s role are presented as follows.  

The sample consisted of participants with established pelvic LRTI, verified by endoscopy or 

radiology. This ensured a correctly diagnosed population, but also a selected group of those 

with the most severe LRTI symptoms. By inviting all patients referred to the Norwegian 

National Unit for planned HBOT in a period when few (n=11) declined to participate, the 

study samples in Papers 1 and 3 are regarded as large within this field, particularly in view of 

the Covid-19 pandemic and the periods of lockdown of HBOT. The gender distribution was 

quite even, but nearly 80% of the sample had higher education. The latter may indicate social 

inequality, as survivors with higher education to a greater extent seek and ask for treatment 
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(265). The inclusion of different cancer diagnoses might also represent a limitation, due to the 

heterogeneity of the applied treatment other than radiation (16, 17, 266).  

HBOT treatment. All participants received HBOT daily for six weeks, conducted in mono-

place chambers at a pressure of 2.4 atmosphere absolute, with each session lasting two hours. 

All participants were subject to the same established safety routines before, during and after 

HBOT. Furthermore, all participants were observed closely by a specialised trained HBOT 

nurse and at three routine appointments with an HBOT physician. Consequently, all 

participants received the same treatment provided in the same manner.  

Research designs. Paper 1 included a cross-sectional study design, as this is a recommended 

design to study the targeted population at a specific point in time. As we sought to study the 

broader aspects of established LRTI, investigations had to take place before HBOT. Here, the 

use of an external comparison group is regarded as a strength of the study (194).  

Paper 3 included a pre-test - post-test design. To examine the effects of an intervention, RCT 

are often applied as a standard study design (181, 225). Not including a control group may 

thus compromise the external validity, and the quantitative results may be taken to represent a 

measure of treatment efficacy. However, a pre-test – post-test design with external group 

comparisons is considered a suitable option for testing the feasibility of new methods and 

interventions (181). Therefore, the applied pre-test – post-test design provides a valuable 

indication of the feasibility and development of LRTI symptoms over time after HBOT. The 

use of three points of assessment contributed to illuminating the longitudinal course of LRTI 

symptoms after treatment, adding to the robustness and reliability of the results (181, 205, 

220, 221, 225).  

Data collection. For Papers 1 and 3, data was collected using three self-reported instruments,: 

EPIC, EORTC QLQ-C30 and GHQ-12, which are all widely used, with documented robust 
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psychometric properties, and have been shown to be valid, reliable and sensitive instruments 

for this use (201, 204, 205, 208, 209). A limitation here may be that EPIC is only validated for 

prostatic and gynaecological cancers, but as we focused on the symptom burden and not on 

diagnosis, we deemed this instrument to be most relevant. Another limitation may be that 

EORTC QLQ-C30 is developed for cancer patients, and therefore might not capture all 

aspects of HRQOL among cancer survivors. However, HRQOL instruments for cancer 

survivors are under development, but were not yet available for our study. Other limitations of 

EORTC QLQ-C30 are the lack of capturing the participants’ hope and sexuality, which also 

represent important aspects of survivors’ HRQOL. Collection of medical data from patients’ 

medical journals, the pretesting of the instruments for four pelvic cancer survivors not 

participating in the study, and a dedicated study nurse in charge of collecting the data, are 

regarded as study strengths. Participants filled out paper-based questionnaires, which may 

represent both a strength and a limitation. Some participants may prefer paper-based, while 

others may prefer digital versions. On planning the study, we anticipated that using paper-

based questionnaires filled out at the unit and receiving these by post in pre-stamped 

envelopes in follow-ups, would reduce missing data. The high completion rate and low rates 

of missing items support this anticipation and strengthen the data. However, digital 

questionnaires, especially for the follow-ups, might have yielded even better completion rates. 

Statistics. All data in Papers 1 and 3 was normally distributed, with few missing values and 

high internal consistency for all instruments (Cronbach’s α = 0.80– 0.91). In addition, the 

statistical procedures were closely discussed with the supervisors and an external statistician, 

while the candidate has statistics skills, so that the chosen statistical tests, procedures and 

interpretations are judged to be reliable and transparent.  

To strengthen the results of a cross-sectional pre-post study it is recommended to compare 

with norm populations. Here, a limitation may be that groups are likely to differ for many 
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relevant variables besides symptom burden, distress and HRQOL, whereby the estimated 

effects may be either under- or overestimated (3, 225). However, the EPIC norm population 

and the EORTC QLQ-C30 norm population have been used in previous Norwegian studies of 

cancer survivors, as well as a multicentre study of radiation cystitis and HBOT, and this 

enables comparison between studies (18, 205, 220, 267). The reference population for GHQ-

12 consisted of Norwegian married/cohabiting students, which may represent a limitation 

compared to our older sample. However, no other reference sample exists, and we had to use 

the one that was available.  

Researchers’ role. The researchers’ role in quantitative research is ideally objective and 

distanced, and does not influence the results (181, 225). A strength is that the candidate did 

not meet the participants and was not involved in collecting the quantitative data. A limitation 

may be that the candidate collected and analysed the qualitative data before the quantitative 

data, which may have influenced the interpretation of the latter. However, both the candidate 

and supervisors were highly aware of this pitfall, and furthermore, the results were discussed 

with a statistician. In addition, the STROBE guidelines, aiming to strengthen the quality and 

transparency of healthcare research (268), were followed in both papers. Based on these 

considerations, it is not likely that the candidate influenced the quantitative results. 

8.5.2  Reflections on the qualitative results 

 

Paper 2 is based on a qualitative method, whereby different strategies to assure quality exist 

(2, 183, 223, 225). Here, we followed Creswell’s (2) recommendation to reflect on reflexivity, 

researchers’ bias for prolonged engagement, member checking, thick and rich descriptions, 

peer review and external audits. These are presented after reflection on the sample.  

The sample. Qualitative studies typically examine small samples in depth, to generate rich 

information about the participants’ lived experience of a phenomenon (2, 182, 183, 223, 225). 
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In Paper 2, we included 20 participants, who represent a relatively large qualitative sample 

(269). However, more than sample size, data saturation is an important feature of qualitative 

research. This is reached when no new information appears from the data collection (2, 223, 

270). In Paper 2, data saturation was achieved after 15 interviews, while data collection 

continued until 20 interviews had been held, to ensure that no new topic emerged, which is 

regarded as a study strength (211). Another argument was that several peer-reviewed journals 

within this field do not publish qualitative research with fewer participants. In line with the 

recommendations, the sample was selected on the basis of a wide variety of gender, 

demographic and medical variables, increasing the likelihood that the findings captured the 

participants’ lived experiences (2, 270).  

Reflexivity. The researcher is “the instrument” in qualitative research, which underlines the 

importance of elucidating the researcher’s qualifications, experience and reflexivity 

throughout the research process, in order to understand any biases or assumptions that may 

influence the findings(2, 183, 223, 271-274). 

Previous experience and potential biases. The candidate’s motivation for this study was based 

on the possibility of conducting “in-depth” research and increasing knowledge of pelvic 

cancer survivors’ HBOT process. The candidate’s background as a specialised trained HBOT 

nurse, extended clinical experience as a nurse in different clinical settings, as well as in 

HBOT, and employment at the HBOT unit where the study took place, may represent both a 

study strength and a limitation. The candidate’s prior knowledge and clinical experience may 

have made it easier to understand the participants’ needs and views and may thereby have 

given access to richer and thicker descriptions of the participants’ experience of HBOT. 

Another strength is the candidate’s extensive experience in communicating with patients 

about serious illness and personal matters, and coping with emotional outbursts (210). 

Moreover, the candidate’s private experience, for example related to the death of close family 
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members and experience of own serious illness, may have made the candidate more aware of 

the informants’ overall situation. On the other hand, the candidate’s professional and private 

experience may also represent potential biases, as important information, specific challenges, 

nuances or ambiguities in the data may have been overlooked. However, these issues were 

closely and repeatedly discussed while studying the literature, during the PhD courses, and in 

close follow-up by the main supervisor, who is an experienced qualitative researcher without 

specific HBOT experience (199).  

Prejudices and orientations. Based on the pre-understandings outlined concerning awareness 

of the candidate’s interpretations and decisions made during the research process, the 

candidate wrote short field notes during the research process. These notes include reflections 

on choices of method, design, transcription of audiotapes to text, and how to capture the 

participants’ intended meaning, which facilitated awareness of the researchers’ perspective (2, 

210). Moreover, the procedures related to splitting the interviews between the candidate and 

the main supervisor, the discussions and critical questions from the supervisors representing 

different professional and methodological standpoints, the presentation to and discussions in 

the research group and advisory board, and discussions with other PhD candidates, were all 

important issues to enhance the candidate’s awareness and reflexivity during the collection 

and analysis of data. The candidate’s professional training, 35 years of clinical experience, as 

well as her private experience, clearly influenced the theoretical choices to focus on health 

promotion, HRQOL, and the mixed-methods design, as these represent important ways of 

reflecting on and capturing a holistic and individual health concept (2, 223). These also 

represent important ways of overcoming potential biases in the candidate’s pre-

understandings (2, 223).  

Prolonged engagement and persistent observation is an important validation strategy in 

qualitative research (2). The candidate did not meet the informants before the interviews, and 
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each lasted for approximately one hour. It might be discussed whether this is considered to be 

enough time to gain an in-depth understanding, to build trust to test for misinformation and 

distortion, and to achieve saturation of key categories (2). Here, creating a calm and private 

setting in the interview situation, preparing the participants for the interviews both in writing 

and before commencing the interview, providing identical information about the content, 

timeframe, and voluntary and confidentiality aspects of the interviews, with two interviewers 

conducting the interviews, are seen as important factors. As the candidate and the main 

supervisor were not involved in HBOT, it was assumed that the participants could talk freely 

about their HBOT experiences. Furthermore, at the end of each interview the participants 

were asked whether they had anything more they wanted to share, and the researchers 

followed up on the thoughts and reflections shared by the participants. They were also asked 

how they experienced the interview situation. Only positive experiences and a genuine 

motivation to help others were revealed.  

Member checking, as another qualitative validation strategy, was performed in several ways 

in this study (2). First, the interview guide was pilot tested to target its usefulness. This was an 

important opportunity to test the information, practical arrangements and the interview guide 

in a real-life setting. In addition, this helped the candidate to feel more confident, ask open 

and fewer questions, and focus on the participants’ narratives (210). Secondly, during the 

interviews the participants were asked follow-up questions to clarify statements and opinions 

(22). Thirdly, the analysis and the researchers’ interpretations were repeatedly checked 

against the transcribed interviews to verify that these represented the participants’ intended 

meaning. The findings were also unanimously validated by the study’s advisory board, 

consisting of user representatives and healthcare providers with and without HBOT 

experience, where the feedback indicated high validity (22).  
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Thick and rich descriptions (transparency) is a qualitative validation strategy promoting 

the voices, feelings and opinions of the participants (223). In this study, transparent 

descriptions of the participants, data collection, verbatim transition, data analyses and 

quotations representing multiple voices in the results are all viewed as important measures to 

ensure this validation. To prevent bias related to pre-understanding, NVivo12 software 

(www.qsrinternational.com) for coding and sorting of the data was used to ensure that the 

participants’ perspective came through. The informants were given pseudonyms, whereby 

anonymity was ensured (2). Connecting the quotes to a pseudonym may give a better 

connection to the informants and thereby reflect the phenomenological-hermeneutical design 

by exploring the individual’s lifeworld. These quotes also represent a validation of the 

participants’ experiences, allowing for transparency of the findings (185). The table of the 

analysis process and the candidates’ closeness to the participants in conducting, transcribing 

and analysing, and being the paper’s first author, also adds to accuracy and transparency (2).  

Peer review and external audits. In addition to the collaboration and peer review by the 

supervisors and co-authors, Paper 2 was published in the Nordic Journal of Nursing 

Research. This is a peer-reviewed journal, for which two reviewers, in addition to the editorial 

manager, reviewed the paper, adding to an external check of the research process and 

exchanging its validity (2, 22). 

The findings from Paper 2 cannot be generalised due to the specific content or the limited 

number of participants studied (22). In contrast, qualitative research focuses more on 

transferability, whereby the context-bound findings are of most interest (225). In Paper 2, the 

findings represented originate from a specific treatment at a specific treatment centre and may 

be context bound. However, the participants were recruited nationwide, with a variety of 

backgrounds and medical variables suggesting that we captured a valid sample of the 

experiences of cancer survivors with pelvic LRTI undergoing HBOT in mono-place pressure 

http://www.qsrinternational.com/
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chambers. Furthermore, the common themes in Paper 2 were consistent, suggesting that we 

captured a valid sample of the participants’ HBOT process. Based on this and the strategies of 

validity and reliability, it is probable that the qualitative results are trustworthy. 

8.5.3  Reflections on the merged results  
 

In mixed-methods research, potentially threats to validity are related to data collection, 

analysis and the interpretation of the merged strands (190, 275). Strategies to enhance the 

validity and reliability of this study were conducted for both strands, and below the validation 

strategies for merging the data are presented (22).  

The sample. In line with the recommendations for mixed-methods research, the same sample 

was used in both the quantitative and qualitative strands, to enhance validity. (22). Here, the 

participants included in the qualitative phase of the study were drawn from the pool of 

participants included in the quantitative phase.  

Data collection. Using different data collection procedures, i.e. collection of quantitative data 

through validated and reliable self-reported questionnaires and collection of qualitative data 

through in-depth interviews, reduced the risk of potential bias from one data collection to the 

other (22). This study used an explanatory sequential design, in which qualitative data helped 

to explain the mechanism underlying the quantitative results (22, 192) in more depth. The 

main supervisor is an experienced mixed-methods researcher who supported the candidate 

through guidance and follow-up during the entire study. Furthermore, both supervisors had 

complementary expertise in quantitative and qualitative research, backgrounds in cancer care 

and research, as a senior neurologist/HBOT physician. The candidate had longstanding 

clinical experience within the field, as well as prior experience in qualitative research from 

her master’s degree. As discussed above, recommended strategies for enhancing validity and 

reliability for each strand were used and were viewed as strengths of the research. 
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Data analyses. To enhance the reliability of the merged data, a data display to link major 

quantitative and qualitative findings, and identify points of convergence, was developed 

(Table 4). In addition, several other measurements to enhance validity and reliability in a 

mixed-methods approach were performed. The transformation was kept straightforward, the 

distribution of scores was examined, statistical procedures were discussed closely with the 

supervisors and an external statistician, each research question was addressed, and all sets of 

results were presented and published. In addition, quantitative and qualitative data was 

collected and analysed separately, and techniques traditionally associated with each data type 

increase the strengths of each methodology (22). 

Interpreting the data. Merging the results from the two strands was challenging, especially 

since the quantitative strand was dominant and gave more weight than the qualitative strand 

(22, 186). The researchers had this issue in focus during the entire research process. All three 

papers were independently peer reviewed and published, adding to the reliability of the 

findings and interpretations. Furthermore, the comprehensive and transparent exposition of 

the study’s methodology and presentation of the merged results add to the quality of the 

interpreted data. No major disagreements or unresolved divergent findings between 

quantitative and qualitative data were encountered during the data analyses. This made the 

merging of the data easier and provided a comprehensive picture of the complexity of the 

multimodal challenges of cancer survivors with pelvic LRTI undergoing HBOT.  

The different phases of this study were based on a theoretical framework, which also 

enhances the study’s reliability (225). The merged results indicate that a mixed-methods 

approach focusing on positive health outcomes may provide important and increased 

knowledge of  the baseline and the HBOT process, as well as the development of symptom 

burden and HRQOL. The use of EORTC’s HRQOL concept (3) was important and helpful for 

providing a structure of and interpreting the complex results. The candidate found that this 
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concept explained and met the stated complexity in a suitable manner and thereby added to 

the comprehensive picture of the results.  

The researcher’s role in a mixed-methods study is challenging because it requires 

knowledge of both strands, as well as the time involved (22). The candidate was aware of 

these challenges and sought to resolve these issues as described in the respective strands. 
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9.  CONCLUSION 
 

In the following, main conclusions from the study will be drawn, followed by the study’s 

implications for clinical practice and further research. 

9.1 Main conclusions 
 

The purpose of this thesis was to achieve a greater understanding of the symptom burden and 

HRQOL of cancer survivors undergoing HBOT for pelvic LRTI. To the best of our 

knowledge, this is the first study of cancer survivors with pelvic LRTI undergoing HBOT 

using mixed-methods and interpreting this in the light of HRQOL. In this context, the merged 

results are viewed as more than the sum of the individual quantitative and qualitative parts. 

The merged findings from this study indicate that cancer survivors with established pelvic 

LTRI may experience a severe symptom burden compared to norms, including pain, fatigue 

and insomnia. Consequently, these survivors’ HRQOL seems to be greatly impaired, 

particularly in relation to overall HRQOL and their physical, role, and social functions 

compared to norms, whereby a higher symptom burden is associated with lower HRQOL. 

Furthermore, the findings show that cancer survivors with pelvic LTRI may experience higher 

distress levels than norms, whereby a higher distress level is associated with lower HRQOL.  

The study also brings new knowledge of how cancer survivors with pelvic LTRI experience 

the HBOT process. These findings show that cancer survivors seem to have great motivation 

and hope for HBOT. The information about HBOT from referring physicians seems to be 

limited and the information given in advance by the HBOT unit makes it difficult for the 

patients to understand what the treatment really involves. However, highly specialised 

personnel, daily follow-up and person-centred care seem to be important factors to make the 

participants feel safe and promote their coping abilities during the HBOT course. Moreover, 
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the findings show that the patients may experience the treatment course as long-lasting, but 

highly tolerable, with limited side -effects. Being absent from their ordinary everyday lives 

may to a certain degree be outweighed by meeting survivor peers, and socialising and sharing 

experience.  

The merged findings furthermore indicate that patients may already experience a significantly 

improved symptom burden from pelvic LRTI, insomnia and pain on the completion of HBOT, 

with those with the highest symptom burden experiencing the greatest improvement. 

Furthermore, the results also indicate a concurrent and significant improvement in HRQOL, 

particularly for social and role functions.  

The results from the six-month follow-up indicate further significant, although small, 

symptom relief from LTRI, pain, fatigue and sleep problems. Concurrently, changes in overall 

HRQOL and most functional scales were maintained or further improved slightly six months 

after HBOT. Interestingly, the changes in pelvic LRTI were associated to a relatively small 

degree with changes in HRQOL. Here, both the remaining symptoms and the extent of 

improvement may be relevant, but no conclusion can be drawn.  

The results from this study point to the usefulness of building research of survivors with 

pelvic LRTI undergoing HBOT for health promotion and HROQL on a theoretical basis, 

using a mixed-methods design, as this may provide a more comprehensive and nuanced 

picture of the survivors’ situation at baseline, during the HBOT process and on follow-up.  

However, the focus on a selected population referred to HBOT, and the single-centre 

approach, may limit the generalisation of the study’s findings. Still, the merged findings and 

quality assessments add to the study’s reliability, suggesting that findings may be transferable 

to other individuals and settings. However, this study did not include participants refusing 

HBOT or study participation, meaning that we captured participants who were highly 
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motivated for HBOT and research participation. We furthermore only included participants 

treated in mono-place pressure chambers, where patients’ experience of multi-place pressure 

chambers may differ, even if our clinical experience does not support this.  

9.2 Implications for clinical practice  
 

The findings from this study raise several implications for clinical practice.  

First, the baseline results add to the discussion of limited survivorship follow-up in Norway. 

Here, the merged findings call in particular for increased competence and education of 

healthcare professionals about LRTI, and systematic assessment of pelvic LRTI symptoms 

and HRQOL after radiotherapy, where such impairment should be addressed with proper 

symptom management and by educating survivors in coping skills. Increased holistic 

survivorship follow-up in primary healthcare, for example from GPs, cancer care coordinators 

and/or municipal rehabilitation, and implementation of follow-up plans, are recommended. 

Cancer nurses should play a vital role in holistic screening and survivorship follow-up, in both 

specialist and primary healthcare, for example as cancer coordinators or by participating in 

developing nurse-led survivorship clinics or rehabilitation programmes.  

Secondly, the study provides insights into how cancer survivors with pelvic LRTI experience 

the HBOT trajectory. The results indicate a need for increased knowledge about HBOT as a 

relevant treatment for pelvic LTRI among both healthcare professionals and survivors. The 

improvement in HRQOL during the course of the therapy emphasises the importance of 

following up cancer survivors, in combination with proper symptom management, as well as 

organising the treatment in a way that enables peer support to promote coping and social 

support. Furthermore, the results emphasise the importance of holistic care and close follow-

up by specialised trained nurses during HBOT for promoting the patients’ safety, coping and 

well-being. 
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Thirdly, the significant improvement in symptoms and HRQOL following HBOT indicates 

that this treatment may be relevant for cancer survivors with pelvic LRTI. In particular, 

reduced symptom severity and improvement in social and role function may positively 

influence the survivors’ day-to-day functioning. This is important knowledge for healthcare 

professionals that may provide an important basis for realistic information to survivors, with 

the study suggesting that those with the most severe symptoms may benefit the most from 

HBOT.  

9.3 Suggestions for future research 

 

In general, there is limited evidence concerning the use of HBOT for survivors with pelvic 

LRTI, and more research within this field is greatly needed. Research regarding healthcare 

professionals’ current knowledge of late effects of cancer survivorship, as well as 

interventions to increase this knowledge, seems to be of importance. The study’s results 

support the use of regular screening of HRQOL to identify pelvic LRTI, and cancer survivors’ 

need for interventions and rehabilitation, so that research into adequate screening tools and 

screening timelines is needed. Research concerning patients’ expectations, and which 

information prior to HBOT they need, so as to be prepared for the treatment, are highly 

relevant to reduce patients’ distress and to promote coping. 

Furthermore, there is a need for RCT studies to assess the effect of HBOT for cancer 

survivors with pelvic LRTI, whereby the results from our study may represent an important 

starting point. In addition, research into individual responses to HBOT is of importance to 

uncover who will benefit the most from the treatment. In addition, satisfaction with care and 

important factors for good perceived care along the HBOT trajectory are of interest. The study 

results indicated that most participants reported a high level of fatigue during the HBOT 

process, and more research should be directed at this issue. Furthermore, studies focusing on 
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these cancer survivors’ sexual health are lacking, as well as studies focusing on whether 

HBOT may also have a positive impact on sexual health. 

Focusing on all areas of life seems to support the multidisciplinary approach for cancer 

survivors with pelvic LRTI. Moreover, longitudinal studies with several points of assessment 

of symptom burden and HRQOL during and in the long-term after HBOT are important to 

determine more accurately when any improvement occurs. Here, qualitative research of long-

term experience following HBOT would also add valuable knowledge.  

Additionally, our study has demonstrated that further mixed-methods studies within this field 

may add valuable comprehensive and nuanced knowledge within the field.  
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Intervjuguide HBO studien etter endt HBO behandling 

 

Hovedspørsmål Periode Oppfølgingstema hvis 
nødvendig 

Kan du fortelle meg hvordan 
du har opplevd å gjennomgå 
hyperbar behandling? 

Behandlingsperioden - Informasjon i forkant 
- Selve dykket 
- Lengde på hver 

behandling 
- Antall uker 
- Bivirkninger 

(øredotter, 
klaustrofobi) 

Kan du fortelle meg hvordan 
du har erfart oppfølgingen av 
helsepersonellet underveis 
gjennom behandlingen? 

 - Informasjon og 
kunnskap 

- Imøtekommenhet 
- Støtte underveis i 

dykket 
- Leger/sykepleiere 
- Noe som er savnet 
- Råd til 

helsepersonellet 
 

Kan du fortelle meg om du har 
opplevd noen endringer i dine 
symptomer underveis i 
behandlingen? 
 

 - Cystitt, proctitt 
- Forverring/forbedring 

Nå er du ferdig med 
behandlingen. Hvilke 
forventninger har du nå til 
tiden framover ift dine 
stråleskader og hvordan disse 
kommer til å påvirke 
hverdagslivet ditt? 

Tiden etter behandling  
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 Message generated by ClinicalTrials.gov Protocol Registration and Results System 
____________________________________________________________________ 
 
University of Bergen Protocol Record 01012018, 
Hyperbaric Oxygenation Treatment and Quality of Life, 
has been reviewed and will be made public on ClinicalTrials.gov.  
 
RECORDS USUALLY APPEAR ON ClinicalTrials.gov WITHIN 2 BUSINESS DAYS 
of the receipt of this message. 
 
 
 
Reminder: Review Board approval is required by the time patient recruitment 
begins. Update the Review Board information in this record when approval  
has been granted. 
 
QUESTIONS? Contact us at: register@clinicaltrials.gov 
 
Thank you, 
 
PRS Team 
ClinicalTrials.gov 
 
 
ClinicalTrials.gov Identifier: NCT03570229 
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