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Abstract 

Introduction: Radiotherapy (+/-chemotherapy) is standard of care for patients 
with oropharyngeal cancer (OPC). Late effects of radiotherapy are a key 
survivorship issue. Fatigue is well-documented among cancer survivors, however 
the prevalence and severity of long-term fatigue in OPC patients remains unclear. 
Additionally, neurocognitive outcomes are poorly understood. 

 

Method: Two studies: Radiotherapy for Oropharyngeal Cancer and impact on 
Neurocognition (ROC-oN, a mixed methods cross-sectional study) and 
Neurocognition in Oropharyngeal Cancer following Radiotherapy (NOC-Rad, 
cross-sectional and cross-over components) were undertaken. These 
complementary studies evaluated fatigue and neurocognition in patients treated 
for OPC with photon or proton radiotherapy. The impact of radiation doses to 
cranial structures on fatigue and neurocognitive outcomes were also assessed.  
In addition, the feasibility of using an unsupervised online cognitive battery within 
real-world and clinical trial settings was evaluated. 

 

Results : In ROC-oN, over 20% of patients, treated on average 6 years ago, 
experienced severe fatigue across all domains. Significant differences were 
observed between OPC patients and matched controls from the general 
population in the domains of mental and general fatigue. Higher level of fatigue 
was associated with reduced health-related quality of life, decreased work 
productivity and greater mood disturbances. Additionally, 14.8% of patients 
reported neurocognitive concerns (NCC) and 33% had impairments in 
neurocognitive function (NCF). Attention and working memory  were most 
affected. No association was identified between radiotherapy doses to the 
posterior fossa and fatigue, NCC or NCF. Analysis of the NOC-Rad study is on-
going.  

 

Conclusion: This thesis found fatigue to remain a significant issue in patients 
treated for OPC several years after radiotherapy (+/- chemotherapy), with a 
substantial proportion of survivors experiencing neurocognitive concerns and 
impairments. Better monitoring of fatigue and neurocognitive health during follow-
up could promote early intervention and improve patient functioning. These 
findings will inform supportive care strategies, potentially improving patient quality 
of life. 
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 Introduction  

1.1 Oropharyngeal cancer  

1.1.1 Epidemiology 

Head and neck cancer (HNC), which encompasses cancers of the larynx, lip, oral 
cavity, oropharynx, nasopharynx, hypopharynx, paranasal sinuses and salivary 
gland cancers significantly contributes to the global cancer burden[1]. It is the 
seventh most common cancer worldwide accounting for  over 660,000 new cases 
each year and causes approximately 325,000 deaths annually[2]. In the UK, it 
accounts for 3% of all new cancer cases in the UK, making it the 8th most 
common cancer in the UK[3].Oropharyngeal carcinomas (OPC) represent HNC 
arising in the soft palate, tonsils, base of tongue, pharyngeal wall, and vallecula[4]  

OPC incidence has been rising since 1990 due to the human papilloma (HPV) 
epidemic, and it is predicted soon that the global burden of HPV-OPC will surpass 
that of cervical cancer, in which HPV infection is also known to be an aetiologic 
factor[2, 5].In the UK, the incidence of OPC doubled between 1990 and 2006, 
and then doubled again between 2006 and 2010[6]. HPV driven disease accounts 
for 71% of all OPC in the USA[7]. In the UK between 2002-2011, 51.8% of OPC 
was associated with HPV[6], with several recent single UK series suggesting 
higher percentages[8, 9]. This epidemiological change has translated into an 
increasing cohort of younger patients with little or no tobacco exposure[4]. HPV 
driven OPC is now recognised as a clinically distinct subset of HNC. 

 

1.1.2 Staging  

Staging uses information obtained from clinical examination, radiological findings 
and pathology to categorise patients into prognostic groups. Staging informs 
appropriate treatment selection and enables comparison of outcome across 
staging categories. The gold standard staging system for OPC is the American 
Joint Committee on Cancer (AJCC) TNM system, which is based on extent of 
the tumour (T), spread to nearby lymph nodes (N) and spread (metastasis) to 
distant sites (M)[10]. In 2017, the AJCC recognised HPV-positive and HPV-
negative OPC as different entities and introduced a new and separate stage 
classification for HPV-mediated (HPV+) OPC in the 8th edition[4], which better 
reflects the more favourable prognosis of HPV-positive OPC.  
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Table 1-1TNM Staging of OPC  

T 

stage  

 N-

stage  

HPV positive HPV  negative  

T0 

 

No tumour 

identified, but p16+ 

cervical node(s) 

involvement 

Nx  Regional lymph nodes cannot be assessed 

Tis Carcinoma in situ N0 No regional lymph node metastasis 

T1 

 

Tumour ≤ 2 cm N1 One or more 

ipsilateral lymph 

nodes ≤ 6 cm 

Metastasis in a single 

ipsilateral lymph node, ≤ 3 

cm ENE- 

T2 

 

Tumour > 2 cm and 

≤ 4 cm 

 

N2 

 

 

 

 

 

 

Contralateral or 

bilateral lymph 

nodes ≤ 6 cm 

 

N2a: Metastasis in a 

single ipsilateral lymph 

node > 3 cm and ≤ 6 cm 

and ENE- 

 

N2b: Metastases in 

multiple ipsilateral lymph 

nodes, ≤ 6 cm and ENE- 

 

N2c: Metastases in 

bilateral or contralateral 

lymph nodes, ≤ 6 cm and 

ENE- 

T3 

 

Tumour > 4 cm or 

extension to lingual 

surface of the 

epiglottis 

 

N3 Lymph node(s) > 6 

cm 

N3a: Metastasis in a 

lymph node > 6 cm and 

ENE- 

 

N3b: Metastasis in any 

lymph node(s) with ENE+ 

clinically 
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T4  

 

Moderately 

advanced local 

disease: tumour 

invades larynx, 

extrinsic muscle of 

tongue, medial 

pterygoid, hard 

palate, or mandible 

or beyond 

  

 Tumour stage (T-stage), Nodal stage (N-stage), Extra nodal extension negative (ENE-), extra nodal extension positive 

(ENE+). Amin et al [10]. 

 

Table 1-2 AJCC Staging 

AJCC Stage HPV Positive Stage Grouping   HPV Negative  Stage Grouping 

 

 

I 

T0, T1 or T2 

N0 or N1 

M0 

T1 

N0 

M0 

T0, T1 or T2 

N2 

M0 

 

 

II 

 

T3 or T4 

N0 or N1 

M0 

T2 

N0 

M0 

 

 

III 

T3 or T4 

N2 

M0 

 

T3 

N0 

M0 

T1, T2, T3 

N1 

M0 

 

 

Any T 

Any N 

T4a 

N0 or N1 
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IV 

 

 

 

M1 

 

M0 

T1, T2, T3 or T4a 

N2 

M0 

Any T, N3, M0 

T4b, Any N, M0 

Any T, Any N, M1 

Tumour stage (T-stage), Nodal stage (N-stage), Metastasis (M-stage). Amin et al [10] 

 

 

1.1.3 Treatment  

Standard management of HNC is based largely on anatomic considerations, 
TNM (tumour, lymph nodes, metastasis) classification, patient characteristics 
(age, performance status and medical comorbidities), anticipated disease related 
outcomes, and desired functional and aesthetic outcomes[11]. Treatment with 
single modality (surgery or radiotherapy[RT]) is generally recommended for 
patients with early disease[11]. The choice of surgery or RT depends on local 
institutional expertise, perceived relative morbidity of either treatment option 
and/or patient’s preference. In patients with locally or regional advanced disease, 
multimodality treatment (chemo-radiotherapy [CRT] or surgery plus post-
operative RT) is typically recommended where patients are eligible to receive 
this[11, 12]. For patients with metastatic (M1) disease at initial presentation or 
patients unfit for radical treatment, palliative platinum-based chemotherapy or 
immunotherapy and symptom control of disease (analgesia, nutritional support, 
palliative RT) is considered. 
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Figure 1-1 Base of tongue cancer with involved neck node                                    
A)Axial slice on PET-CT  B)Corresponding axial slice on MRI. 

 

1.2 Radiotherapy  

RT is an important treatment modality in HNC including OPC, with approximately 
75% of patients with HNC receiving RT as part of their primary treatment or as 
an adjuvant treatment modality after surgery[13]. 

 

1.2.1 Immobilisation, image acquisition and target delineation 

During the RT planning process, volumetric images are obtained which represent 
patient anatomy, typically using computed tomography (CT) with 2 mm axial slice 
thickness (and intravenous iodinated contrast for identification of vascular 
structure). The patient is immobilised with a thermoplastic mask in the treatment 
position. The clinician will delineate the target volumes and adjacent normal 
tissues, known as  organs at risk on this CT. Imaging data is combined with 
clinical findings to aid in the delineation of the Gross Tumour Volume (GTV) and 
a Clinical Target volume (CTV). The CTV is a volume which encompasses the 
GTV plus surrounding normal tissues considered at risk of microscopic tumour 
infiltration[14]. The international HNC contouring guidelines were updated in 2018 
advocating a 5+5mm  approach; a volumetric expansion of 5 mm from GTV to 
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define the high-dose CTV (CTV-1 for high tumour burden receiving a higher RT 
dose), and a 10mm margin from GTV to define a lower dose CTV (CTV-2 for 
lower tumour burden receiving a lower RT dose), excluding structures not 
considered at risk of tumour infiltration[14]. In 2019, the international guidelines 
on nodal delineation were further updated with a consensus approach to the 
selection of high- and low-risk lymph node target volumes for both node-negative 
and node-positive neck disease[15, 16]. 

 

1.2.2 Organs at risk (OAR) 

An optimal balance between maximum radiation dose to the tumour and 
maintaining a tolerable dose to adjacent OARs is a crucial consideration during 
the RT planning process[17]. Normal tissue complication probability (NTCP) 
models have been developed for some normal tissue toxicities and provide 
guidance on maximum acceptable doses to certain OARs[18-20]. Standard 
OARs for HNC RT include: eye globe, lacrimal gland, optic chiasm, parotid gland, 
submandibular gland, extended oral cavity, buccal mucosa, lips, mandible, 
cochlea, pharyngeal constrictor muscle, larynx, thyroid, brainstem and spinal 
cord[21].  

A significant number of HNC survivors have reported neurological complications 
affecting the central, peripheral, and autonomic nervous systems[22]. A well-
recognised central nervous system (CNS) complication of radiotherapy for head 
and neck cancers (HNC) is radiation necrosis[23, 24] and current planning goals 
focus on limiting areas of high dose exposure in the brain (e.g., limit maximum 
brain point dose to less than 60 Gy)[18, 25]. Beyond this, no other CNS dose 
limits are routinely implemented when planning HNC radiotherapy treatments.  

Specific brain sub-structures have been identified as potentially significant in 
terms of neuro-cognition in CNS tumours[26]. An adverse association has been 
suggested between radiation dose to brain substructures and neurocognition in 
paediatric and adult patients with primary brain tumours or those receiving 
prophylactic cranial irradiation[27-31].The hippocampus has attracted 
considerable interest as a critical brain structure. Gondi et al[32] demonstrated a 
dose-response relationship between the hippocampus and cognition, reporting 
D40% of the bilateral hippocampi greater than 7.3 Gy to be associated with long-
term neurocognitive(memory) impairment in patients irradiated for benign or low-
grade adult brain tumours. However, the evidence supporting a defined dose 
tolerance for the majority of CNS regions of interest (CNS-ROIs) relevant for 
radiation induced neurocognitive toxicity remain limited.  
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1.2.3 Radiotherapy planning and delivery techniques 

1.2.3.1 Intensity Modulated Radiotherapy(IMRT) 

Technological advancements led to a transition from 3-dimensional techniques 
to highly conformal techniques such as intensity modulated RT (IMRT), with 
better sparing of OARs adjacent to target volumes. In the early 2000s, the 
PARSPORT trial showed IMRT to improve sparing of selected normal tissues 
such as the parotid glands from high RT doses, further accelerating its adoption 
as the standard of care for the treatment of OPC[33]. In IMRT, a combination of 
multiple beam directions and beam modulation enables high radiation doses to 
be deposited within target volumes with rapid dose fall off beyond the target 
volumes. A consequence of this approach is that a greater volume of normal 
tissue outside of target volumes receives lower doses of radiation(low dose bath) 
compared with less conformal radiotherapy techniques[34, 35].Volumetric-
modulated arc therapy (VMAT) is an advanced, rotational, form of IMRT and is 
now used in many UK treatment centres to treat OPC. 

 

1.2.3.2 Proton Beam Therapy (PBT) 

High energy intensity modulated PBT is a type of particle RT, which  has recently 
become available in the UK. Due to its sharp lateral penumbra and steep distal 
fall-off, proton therapy offers dosimetric advantages over photon therapy[36]. In 
addition to sparing selected normal tissues from high RT doses (e.g., parotid 
glands), the nature of the rapid dose falls off with PBT means that far less “low 
dose bath” is received by other normal tissues (figure 1.2).  

Photon IMRT and PBT (both with concurrent chemotherapy) are currently being 
compared in OPC patients in the Christie Hospital Manchester/ Institute of Cancer 
Research (ICR)-led phase III UK multicentre randomised controlled trial 
TORPEdO (TOxicity Reduction using Proton bEam therapy for OPC). TORPEdO 
has a 1-year co-primary endpoint of patient University of Washington Quality of 
Life Questionnaire version 4 (UW-QoL v4.0) physical composite score and 
gastrostomy dependence or Common Terminology Criteria for Adverse Events 
(CTCAE) grade 3 weight loss (i.e. ≥ 20 % weight loss from baseline) [37]. 
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Figure 1-2 OPC dose distribution maps for proton beam therapy (left) and 
photon radiotherapy (IMRT; right)Long-term survivorship 



9 
 

 
 

HPV associated OPC is associated with an overall better treatment outcome than 
non-HPV OPC (3-year overall survival is 82% versus 57% for HPV +ve versus -
ve disease, respectively)[38].Within HPV +ve OPC, in low-risk cases, 3-year 
overall survival is 93% and even in high risk cases, survival is approximately 50% 
[38]. As a result, there is an increasing number of long-term survivors of OPC 
who must live with the consequences of successful radiotherapy treatment. 

 

1.3 Cancer survivorship: “coming of age” 

In 1985, Dr Mullan a pioneer in cancer survivorship, reflected on his personal 
experience with cancer and outlined survivorship to have three distinct 
phases[39]. The first phase “Acute Survival” encompasses the medical phase of 
diagnosis and initial treatment. The second phase, termed “Extended Survival”, 
is characterised by watchful waiting (marked by a mix of celebration, uncertainty, 
and transition). The third phase, “Permanent Survival”, occurs when a gradual 
sense of confidence emerges, the risk of recurrence diminishes, and the 
likelihood of long-term survival becomes significant[39]. 

The National Coalition for Cancer Survivorship (NCCS), founded in 1986, 
adopted and expanded on Mullan’s definition, and played a pivotal role in bringing 
attention to cancer survivorship and provided clear definitions for the concepts of 
"cancer survivor" and "cancer survivorship"[40]. A cancer survivor was defined 
as “a person from the moment of diagnosis and then onward for the remainder of 
their life and also their family and caregivers”, while cancer survivorship was 
broadly understood as “the journey that a person takes from that moment of 
diagnosis onward”[40]. In 1996, the National Cancer Institute (NCI) established 
the Office of Cancer Survivorship, which was dedicated to advancing evidence-
based research on the impact of cancer and its treatments, including long-term 
effects[41]. The NCI definition states “survivorship focuses on the health and life 
of a person with cancer post treatment until the end of life. It covers the physical, 
psychosocial, and economic issues of cancer, beyond the diagnosis and 
treatment phases”[42]. Family members, friends, and caregivers were also 
recognised as integral to the survivorship experience. The goal was to enhance 
the quality of life for survivors and address their unique needs. The concept of 
survivorship gradually began to influence policy measures and academic 
research. In 2005, the Institute of Medicine (IOM) of the National Academies 
published a landmark report  “From Cancer Patient to Cancer Survivor: Lost in 
Transition”. This report highlighted the unique challenges faced by cancer 
survivors and the increasing need for quality survivorship care guidance[43]. In 
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2017 in the UK, the National Cancer Research Institute (NCRI) and the James 
Lind Alliance (JLA) identified key research priorities aimed at improving the 
quality of life for those living with and beyond cancer[44]. The JLA collaborates 
with patients, survivors, caregivers, and clinicians to identify and prioritise 
unanswered questions, providing a focus for research 

Over the decades, cancer survivorship care has therefore become a well-
established branch of oncology and continues to expand as a key focus in 
healthcare and research. That said, the American Society of Clinical Oncology 
(ASCO) highlighted several gaps which still exist in survivorship studies[45]. 
These gaps include  a lack of research on tumour sites other than breast cancer, 
limited studies in older survivors, on long-term survivors (beyond 5-years) 
diseases and treatment related impacts, intervention studies for young survivors 
as well as deficiencies in research which addresses the influence of individual 
patient and treatment-related factors on outcomes[45]. 

 

1.3.1 Head and Neck Cancer late effects  

Patients treated for OPC face lifelong challenges. The treatment of OPC with 
CRT  may result in both physical and psychological late effects[12, 46-50]. These 
late effects may also have negative impacts for patients’ families and caregivers 

 

1.3.1.1 Physical late effects 

Due the proximity to critical structures, HNCs and their treatment can negatively 
impact a wide range of functions. Late effects can be classified into specific 
functional deficits referring  to those effects that are unique to the head and neck 
anatomy and systemic symptoms[51]. Specific functional deficits encompass 
dysphagia, xerostomia, dysgeusia, impaired voice, dental caries, hearing 
problems and osteoradionecrosis[51, 52]. Moderate to severe late xerostomia 
has been reported in approximately 40% of patients treated with IMRT[53]. 
Musculoskeletal impairments include trismus, neck-shoulder dysfunction, 
lymphoedema and  skin changes[46]. Trismus which is restricted mouth opening 
has been reported in 25-50% of HNC patients and has a significant impact 
QoL[54]. 
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1.3.1.2 Systemic late effects 

Long-term survivors of HNC also often experience systemic symptoms  also 
known as sickness behaviours[55]. These include  fatigue, widespread pain, 
neurocognitive deficits, temperature dysregulation and sweating, gastrointestinal 
issues like anorexia or nausea, metabolic problems such as weight management 
difficulties, and mood disorders including anxiety and depression[55]. These 
symptom clusters have a detrimental effect on functional status and quality of life 
in HNC survivors[56]. Understanding the underlying mechanisms of these 
“systemic” effects and their relationship to RT dose presents greater complexity 
compared to well-established associations with physical late effects, such as the 
correlation between xerostomia and parotid gland dose. 

 

1.3.1.3 Fatigue  

The ASCPRO (Assessing the Symptoms of Cancer using Patient-Reported 
Outcomes) working group characterised cancer-related fatigue (CRF) as “the 
perception of unusual tiredness that varies in pattern and severity and has a 
negative impact on ability to function in people who have or have had cancer”[57]. 
The National Comprehensive Cancer Network (NCCN) defines cancer related 
fatigue as “a distressing, persistent, subjective sense of physical, emotional, 
and/or cognitive tiredness or exhaustion related to cancer or cancer treatment 
that is not proportional to recent activity and interferes with usual functioning”[58]. 
The multifactorial and complex nature of cancer-related fatigue has made it 
challenging to identify the underlying mechanisms. Underlying mechanisms of 
fatigue are not well understood but may include chronic inflammation, 
hypothalamic–pituitary–adrenal (HPA) axis dysregulation,  stress, circadian 
rhythm disruption, serotonin, vagal afferent nerve function, adenosine 
triphosphate and muscle contractile properties[59, 60]. 

Fatigue may occur during cancer diagnosis, treatment and throughout the 
survival trajectory. It is considered one of the most prevalent and debilitating late 
effects of cancer treatment[61]. A meta-analysis showed the overall prevalence 
of cancer related fatigue to be almost 50%[62]. However the prevalence of 
cancer-related fatigue varies significantly based on the patient population 
studied, the timing of assessment during the patient's cancer journey and the 
methods of assessment used[63].  

The few studies evaluating fatigue in HNC patients have focused on 
heterogenous groups of HNC patients (table1.3). Chaukar et al[64] reported 
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fatigue in 33% of(n=212) HNC survivors at 1 year after cancer treatments[64].  In 
a study by Bossie et al (n=129)[65], fatigue was found  as absent in 15% , mild in 
67%, moderate in 11%, and severe in 7% of HNC patients[65].  

Progressively worsening fatigue in patients treated for breast and lung cancer 
has been associated with accumulating radiation doses during radiotherapy or 
concurrent chemoradiation therapy[66, 67]. In HNC Abel et al[68], demonstrated 
an acute rise in fatigue levels reported by patients with HNC up to 6 months 
following radiation therapy[68]. However, cancer related fatigue can persist for 
many months or even years beyond completion of treatment. Chronic fatigue is 
defined as fatigue lasting for six months or more[69-71]. Chronic fatigue has been 
found in 33% of HNC survivors[72]. It is possible that there is a relationship 
between RT dose to brain sub-structures and development of fatigue. In 
observational studies, elevated patient reported fatigue scores were associated 
with RT dose to brainstem and cerebellum[68, 73]. In the PARSPORT trial[74], 
grade 2 or greater acute fatigue(clinician assessed) was more commonly 
reported in patients treated with IMRT compared to 3D-conformal RT. It was 
hypothesised that dose to posterior fossa structures with IMRT resulting from the 
low dose bath associated with this technique could have caused the apparent 
difference in fatigue level. However, confounding effects arising from the diverse 
combinations of treatments, heterogenous HNC cohorts, coupled with 
uncertainties surrounding long-term functioning, limit our understanding of long-
term fatigue following non-surgical treatment for OPC specifically. 

Fatigue in OPC patients is not routinely evaluated in clinical practice, despite 
international guideline recommendations[75]. There is no consensus on the best 
instrument for the assessment of cancer related fatigue. An ideal instrument 
should utilise a convenient format, be clear and understandable for patients, 
reliably identify changes in levels of fatigue and the minimum clinically important 
differences should be externally validated[57].Cancer-related fatigue is 
multifaceted with multiple dimensions and ideally it should therefore be evaluated 
as a multidimensional construct[76, 77]. While the precise number of dimensions 
of cancer related fatigue remains in question, there is consensus on the existence 
of  physical and cognitive fatigue domains[78]. Cognitive fatigue is considered a 
psychobiological state caused by demanding neurocognitive tasks, presenting as 
a feeling of tiredness, lack of energy, decreased motivation and alertness[79, 80], 
while physical fatigue refers to the physical sensation of tiredness and impact of 
fatigue on physical activity[58, 81].  

The Multidimensional Fatigue Inventory (MFI), a validated questionnaire shown 
to be reliable in evaluating fatigue in diverse cohorts, including cancer 
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patients[77, 82, 83], is one of the most commonly used tools[84]. Other widely 
recognised questionnaires for assessing fatigue in cancer patients are the 
Fatigue subscale of the European Organisation for Research and Treatment of 
Cancer Quality of Life Questionnaire-Core 30 (EORTC-QLQ-C30), the Functional 
Assessment of Cancer Therapy for Fatigue (FACT-F), and the Fatigue 
Questionnaire (FQ)[85]. Given the burden questionnaires can impose on fatigued 
patients, any questionnaire used to evaluate fatigue  should be straightforward 
and require minimal time to complete. 
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Table 1-3 Studies evaluating chronic fatigue in HNC 

Study  Study type 
(n) 

Study 
population  

Instrument 

 

Outcomes  Follow up  

Huynh et 

al,[72]  

Cross-

sectional 

(277) 

Heterogeneous 

HNC 

(Oropharynx 

53%) 

Fatigue 

questionnaire 

(FQ) 

Fatigue was twice more 

prevalent in HNC survivors 

compared to a reference 

population 

 

102 months  

Sharp et 

al,2023[86] 

Longitudinal  

(3779) 

Heterogeneous 

HNC 

(Oropharynx 

63.5%) 

Fatigue 

subscale 

(“FA”) of the 

EORTC QLQ-

C30 

At baseline, 27.8% scored in 

the range for clinically 

important CRF. This was 

44.7% at 4 months and 29.6% 

at 12 months. 

 

12 months  

Abel et 

al,2022[68] 

Longitudinal 

and 

prospective 

(186) 

Heterogeneous 

HNC 

(Oropharynx 

63.5%) 

EORTC FA12 Physical fatigue increased 

from baseline up to 3 months 

(29 vs 59;p < 0.0001). No 

difference compared with 

baseline from 1-5yrs 

Emotional fatigue was 

significantly lower at 5yrs  

 60 months  
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compared with baseline (14 vs 

28; p < 0.0001) 

 

Bossi et al, 

2019[65] 

Cross-

sectional 

(129) 

Heterogeneous 

HNC 

(Oropharynx 

46%) 

 

Brief Fatigue 

Inventory 

(BFI) 

 Fatigue was absent in 15%, 

mild in 67%, moderate in 11%, 

and severe in 7% of patients 

34 months 

Chaukar et 

al, 

2009[64] 

Cross-

sectional 

(212) 

Heterogeneous 

HNC 

 

 

EORTC QLQ-

30 

Fatigue included in the 

domains where most patients 

fared poorly;  fatigue (33%),  

 

12 months 
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1.3.1.4 Neurocognition  

Neurocognition  encompasses cognitive functions in terms of specific brain 
regions, neural pathways, and cortical networks[87]. Neurocognitive functioning 
is a performance outcome, and impairment can include deficits in domains such 
of memory, language, processing, attention and executive functioning[88]. 
Impairment of one more of these may impact on day-to-day functioning[89, 90]. 
Neurocognitive impairment is a recognised side effect of commonly used cancer 
treatments, including radiotherapy (where dose is delivered to the brain) and 
systemic anti-cancer therapies such as chemotherapy[91, 92]. In brain tumours, 
there appears to be an association between RT and/or chemotherapy and 
cognitive changes which can negatively impact health-related quality of life 
(HRQoL)[28, 30]. 

This has been investigated in only a very limited number of HNC studies. Small 
retrospective HNC series are suggestive of treatment-related cognitive 
dysfunction within 2 years of treatment, affecting memory, verbal fluency, motor 
function, and speed of information processing[93-96]. Cognitive decline may, 
however, also persist beyond 5 years of treatment[97-99]. In a qualitative study 
by McEwen et al[45], neurocognitive changes represented one of the 
rehabilitation needs identified by patients and family of HNC survivors. Research 
in neurocognitive function in HNC patients has predominantly focused on 
nasopharyngeal cancer (NPC) and paranasal sinus cancers[100-102] due to 
proximity of target volumes to brain structures such as the temporal lobes. 
Incidental irradiation of the posterior fossa in OPC resulting from low dose bath 
associated with IMRT or the location of primary and/or lymph node tumours could 
potentially influence neurocognition. The increasing incidence of younger OPC 
patients with prolonged post-treatment survival highlights the need to understand 
neurocognitive outcomes, given critical roles in caregiving, workforce 
participation, and societal contribution in this patient cohort. 

There is a need therefore for more detailed neurocognitive evaluations during 
HNC follow-up programs to improve understanding of this issue. Gan et al[103] 
found that neuropsychological testing was feasible in HNC survivors[103]. 
Traditional neurocognitive testing is resource intensive and costly in nature. In 
research settings, neurocognitive testing requires trained assessors, supervised 
by a neuropsychologist, to administer formal tests in a controlled, face-to-face 
setting, lasting anywhere between an hour to several hours per session 
depending on the domains assessed. Purchasing multiple copies of test material 
for multi-centre studies is expensive and therefore not easily feasible within the 
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NHS. In addition, ensuring quality control in testing (e.g., consistency in 
assessment) and scoring (e.g., eliminating issues with interrater reliability) is time 
consuming. To try to address these difficulties, there has been interest in the use 
of online assessments of neurocognition. The Amsterdam Cognition Scan (ACS) 
is a newly validated online neuropsychological test battery, consisting of 7 tests 
able to detect dysfunction throughout the spectrum of cognition, including the 
domains of attention, information processing speed, learning and memory, 
executive functioning and psychomotor speed[44]. All elements of the test battery 
are self-explanatory, and the test session starts with a general instruction video. 
The ACS can be completed online, without supervision and limited computer 
skills are required. While the ACS has been shown to be highly usable in cohorts 
of cancer patients (amounting to a few hundred patients), predominantly with 
breast and prostate cancer[104], it has not yet been evaluated  in patients where 
RT would be expected to result in dose to brain sub-structures, as for some 
HNCs. 

 

1.4 Head and Neck Cancer Survivorship 

Historically, clinical and research priorities in HNC focused on improving survival 
but current interest is in optimising therapeutic strategies for HPV positive 
cancers, with the goal of optimizing oncologic outcomes while reducing 
treatment-related toxicity[105]. In a JLA project to identify  the top 10 priorities in 
HNC research, the top priority identified is finding the optimal balance between 
treatment efficacy and adverse effects for various combinations treatment 
regimens[106]. 

HNC survivorship is complex, with considerable interplay between  multiple 
patient (e.g. age, frailty and co-morbidities), disease (e.g. subsite, stage) and 
treatment-related factors (e.g. type and extent of surgery, RT dose and 
fractionation, technique and dose to OARs, use of concurrent chemotherapy) to 
consider. There is a need for clear signposting and support for patients and the 
wider multidisciplinary healthcare team. The American Cancer Society's Head 
and Neck Cancer Survivorship Care Guideline aids primary care clinicians and 
health practitioners in managing head and neck cancer survivors, covering 
recurrence monitoring, second cancer screening, long-term effects management, 
health promotion, and care coordination[107]. The American Society of Clinical 
Oncology(ASCO) stressed the need for a team-based, multispecialty, 
multidisciplinary collaborative care for HNC survivors[108]. The American Head 
and Neck Society (AHNS) has also convened the AHNS Survivorship, Supportive 
Care & Rehabilitation Service, a committee on HNC survivorship  to provide 
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consensus statements in addressing post-treatment concerns[109]. There is very 
limited specific guidance available from UK HNC groups regarding survivorship 
care, underscoring a critical gap in the current UK framework, which may hinder 
optimisation of patient outcomes. 

Head and neck survivorship studies to date have predominantly focused primarily 
on head and neck–specific functional deficits such as impairments in swallowing 
and speech, with limited evidence on more complex multimodal systemic 
symptoms such as fatigue or neurocognition [65, 110]. Yet, the American Cancer 
Society's Head and Neck Cancer Survivorship Care guidelines recognised 
psychosocial long-term effects such as fatigue and recommended that this should 
be part of routine clinical evaluation post-treatment. In addition, the guidelines 
recommend that  treatment or referral for factors which may impact fatigue should 
be offered and that HNC survivors should be counselled to engage in regular 
exercise[107]. Although research on cancer-related cognitive dysfunction and its 
impact on quality of life in HNC is extremely limited, current curative treatments 
appear associated with neurocognitive dysfunction, which could play a more 
significant role than previously recognised in the quality of life and societal 
functioning of HNC survivors[111, 112]. 

Addressing psychosocial long-term and late effects in HNC survivors is therefore 
crucial in improving quality of life and survival. There is a need for coordinated 
efforts from both specialists and primary care clinicians as well as the 
development of efficient survivorship programmes. 

 

1.5 Health Related Quality of Life  

1.5.1 Health Related Quality of Life (HRQoL) 

The distinction between health-related quality of life (HRQoL) and QoL is often 
obscured, bringing about ambiguity in their definitions and often interchangeable 
use in the literature[113]. HRQoL is defined as “how well a person functions in 
their life and his or her perceived wellbeing in physical, mental, and social 
domains of health”[114]. HRQoL has also been defined as “those aspects of self-
perceived well-being that are related to or affected by the presence of disease or 
treatment”[115] or the “values assigned to different health states”[116]. HRQoL 
therefore specifically examines the impact of health conditions and treatments, 
while QoL refers to a broader range of factors. As captured by Torrance[117]; 
“quality of life is an all-inclusive concept incorporating all factors that impact upon 
an individual’s life. HRQoL includes only those factors that are part of an 
individual’s health”[117].  
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1.5.2 Patient Reported Outcomes (PROs), and Patient Reported 
Outcomes Measures (PROMs) 

Treatment-related toxicities in patients treated for OPC may affect health-related 
HRQoL. Assessment of HRQoL relies on patient-reported outcomes (PROs), 
which capture patient functioning and well-being across physical, mental, and 
social domains. The Food and Drug Administration (FDA) defined PROs as a 
“measurement of any aspect of a patient’s health status that comes directly from 
the patient (i.e. without the interpretation of the patient’s responses by a physician 
or anyone else”[118]. PROs give ‘voice’ to the  patient’s experience as a measure 
of health care quality and provide information by self-report on patient health and 
function in clinical settings[119]. Psychosocial functions such as fatigue, distress, 
QoL among other factors are subjective and use of PROs may provide a more 
nuanced perspective of patient experience than with clinician assessment. PROs 
are often not routinely integrated into clinical practice. Integration of PROs into 
standard health-care settings could improve the quality of care received by 
patients with cancer[120]. 

PROMs are instruments used to report PROs, ideally utilise externally validated 
questionnaires[121]. Though traditionally collected on paper, technology now 
enables the electronic collection of PROs and there is a growing use of electronic 
systems for administering PROMs (ePROMs). ePROMs might offer several 
advantages, including lower costs, similar or faster completion time, higher data 
quality, higher response rates, could facilitate symptom management, and 
effective communication between clinicians and patients. The European society 
of Medical Oncologists  advocates a system where PROMs are accessible via 
the web, handheld devices or automated telephone systems[121]. However, 
ePROMs are not without disadvantages which include privacy protection, data 
ownership issues, the requirement for potentially large initial financial investment, 
technical issues and their use could encourage a “digital divide” by excluding 
certain populations[122, 123].  

 

1.5.3 Research in late side effects of RT in OPC patients 

As highlighted above, there has to date been a lack of research into the long-term 
fatigue and neurocognitive toxicities associated with (chemo)RT in patients 
treated for OPC. 
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The primary aim of this research project is to i) increase our understanding of 
neurocognitive outcomes and fatigue in long-term survivors of OPC following 
(chemo)RT, ii) to explore potential relationships between neurocognitive and 
fatigue measures and RT dose to the base of the brain and iii)to assess the 
feasibility of using the ACS as a means of neurocognitive assessment. If a 
specific area of the brain associated with neurocognitive dysfunction/fatigue was 
to be identified, the toxicity benefits from sparing these region(s) during RT 
planning could potentially be evaluated. 

Given the multiple patient, disease and treatment-related factors which may be 
associated with neurocognitive dysfunction/fatigue, a mixed-methods approach 
which can consider the interplay between these factors will be used  

 

1.6 Mixed methodology for research  

There are several definitions describing mixed methods research. One widely 
recognised definition is  “an approach to research in the social, behavioural and 
health sciences in which the investigator gathers both quantitative (closed-ended) 
and qualitative (open-ended) data, integrates the two, and then draws 
interpretations based on the combined strengths of both sets of data to 
understand the research problems”[124].  

In this thesis, the primary reasoning for combining methods was to achieve 
"completeness”. Completeness refers to the complementary strengths of 
quantitative and qualitative approaches, which can address complex research 
questions more comprehensively than using either method alone[124] and 
provide a more complete understanding[125]. This is particularly important in 
health research[126] due to the complex nature of health and illness. In this 
thesis, it was anticipated that quantitative results would reveal general trends and 
relationships, while qualitative results would offer in-depth personal perspectives 
of individual experiences. Another rationale for adopting a mixed methods 
approach was to enhance the "utility or usefulness of findings”[127]. This 
suggests that combining quantitative and qualitative approaches makes the 
findings more valuable to clinical professionals[128]. In the context of this work, 
quantitative data  will provide important data regarding incidence of fatigue and 
neurocognitive deficits, potential predictors of these late effects as well as 
potential associations between these toxicities and radiation dose to brain sub-
structures. Qualitative data, however, will provide health professionals greater 
insights into the experiences of survivors regarding long-term survivorship.  
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This thesis will encompass two principal mixed-method studies for all the reasons 
identified in section 1.5.1  as the key strengths of mixed methods research to 
achieve its objectives, the Radiotherapy for Oropharyngeal Cancer and impact 
on Neurocognition (ROC-oN cross-sectional study) and Neurocognition in 
Oropharyngeal Cancer following Radiotherapy (NOC-Rad, Clinical Trial).These 
complementary investigations are intended to collectively advance understanding 
of fatigue and neurocognition in patients treated for OPC. 

 

1.6.1 Conceptual Framework and Hypothesised Relationships 

To support interpretation of the findings and clarify the underlying theoretical 
assumptions, a conceptual framework illustrating the hypothesised relationships 
between key study variables was developed (Figure X). The figure provides a 
simplified representation of the potential causal pathways linking treatment-
related factors, demographic variables, fatigue, and neurocognitive outcomes.  

Specifically, it was hypothesised that treatment modality (proton vs photon 
radiotherapy) and clinical variables (e.g. tumour site, treatment dose, 
comorbidities) may influence both fatigue and neurocognitive outcomes, either 
directly or indirectly. Fatigue could  also act as a potential mediator, with higher 
fatigue levels contributing to poorer neurocognitive performance and lower self-
reported neurocognitive functioning. Demographic factors (e.g. age, education, 
employment status) and psychological variables (mood) were anticipated to 
serve as confounders or modifiers of these relationships. 

The ROC-on study explored these associations in a large, real-world photon-
treated cohort, while NOC-Rad examined similar outcomes in a controlled proton 
therapy trial setting, also assessing the feasibility of online cognitive testing. This 
conceptual model guided the choice of variables and informed the mixed methods 
analysis strategy. 
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Figure 1-3 Conceptual Framework 

 

 

1.6.2 ROC-oN : Radiotherapy for Oropharyngeal Cancer and impact 
on Neurocognition (cross-sectional study) 

The  ROC-oN study was designed to address the urgent need for improved 
understanding of the fatigue and neurological implications of OPC treatment, 
including the potential impact of RT dose to the base of the brain. The study aims; 
objectives and design are discussed below. The study protocol is included as an 
appendix. Greater detail regarding study methods is provided in the following 
chapters 

 

1.6.2.1 Study aim  

Evaluating long term fatigue and neurocognitive impairment in patients treated 
with photon radiotherapy for oropharyngeal cancer. 

 

1.6.2.2 Study design  

This was  a cross-sectional mixed methods study. Participants were treated in 
Leeds Cancer Centre and The Christie Manchester. Eligibility criteria included: 
adult OPC patients, irradiated over the previous 10 years. Participants had to be 
at least 2 years post-treatment, and  disease free at time of study recruitment  
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ROC-oN Part A: Participants were invited by post to complete a survey consisting 
of several validated questionnaires regarding fatigue (Multidimensional Fatigue 
Inventory; MFI), patient perception of neurocognition (Medical Outcome Studies 
Cognitive Function Scale; MOS-Cog), HRQOL (EQ-5D-5L), mood (Profile of 
Mood States Short Form) and work and productivity (Work Productivity Activity 
Impairment; WPAI). Participants were also invited to complete the Amsterdam 
Cognition Scan (ACS) online, as an objective measure of neurocognition. A 
sample of participants were asked to partake in semi-structured qualitative 
interviews.  

ROC-oN Part B: An exploratory analysis was performed in patients who 
completed the survey and ACS, investigating the associations between 
radiotherapy dose to base of brain structures and fatigue and neurocognitive 
impairment.  

 

1.6.2.3 Study Objectives  

• Evaluate long-term (≥2 years) fatigue in patients irradiated for OPC 2 

• Evaluate long-term (≥2 years) neurocognitive function in patients 
irradiated for OPC  

• Explore the impact of fatigue and neurocognitive deficits on OPC 
patients’ everyday functioning and quality of life 

• Establish the ACS as a useful clinical study research tool for 
assessment of neurocognitive function in patients   

• Exploratory analysis investigating  potential associations between 
radiotherapy dose to base of brain regions and fatigue and 
neurocognitive impairment in patients irradiated for OPC. 

 

1.6.3 NOC-Rad: Neurocognition in Oropharyngeal Cancer following 
Radiotherapy (Clinical Trial)  

To further address the need for practical assessment of neurocognition in a 
clinical trial setting, the NOC-Rad study was performed. The aims, design and 
objectives are discussed below, with greater detail on methods provided in the 
following chapters as appropriate. The full protocol is also provided as an 
appendix. 
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1.6.3.1 Study aim  

The principal aim was to evaluate the ACS as a means of assessing 
neurocognitive function in a clinical trial setting. Secondary aims were to correlate 
neurocognitive function and fatigue with RT dosimetric parameters in both photon 
and PBT treated OPC patients. 

 

1.6.3.2 Study design  

NOC-Rad was a trial within the phase III TORPEdO trial (TOxicity Reduction 
using Proton bEam therapy for Oropharyngeal cancer). Eligibility criteria 
included: Adults >18years old treated with curative intent radiotherapy or 
chemoradiotherapy for oropharynx cancer within the TORPEdO Trial, ≥18 
months follow up and disease free at time of recruitment. NOC-Rad had 2 
components: 

Cross over component  (for eligible TORPEdO) participants from Leeds and 
Manchester). This assessed the feasibility of using the ACS for neurocognitive 
assessment in a clinical trial setting, neurocognition and fatigue. In addition, the 
preliminary validity of the ACS was evaluated through correlations between 
neurocognitive outcomes from the ACS and face-to-face testing. In addition, 
dosimetric analysis in photon and PBT treated OPC patients in relation to 
neurocognitive impairment and fatigue were explored.  

Cross-sectional component (for eligible TORPEdO participants from outside of 
Leeds and Manchester). This also assessed the feasibility of the ACS, 
neurocognition and fatigue as well as dosimetric associations.  

Qualitative interviews were also performed in 25% of NOC-Rad participants were 
conducted. 

 

1.6.3.3 Study objectives 

Primary Objective: 

• Assess feasibility of using the ACS in a clinical trial setting, 
guided by uptake, completion rates and usability 

Secondary Objectives:  

• Assess neurocognition in a prospective population of 
irradiated OPC cancer patients 
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• Assess fatigue in a prospective population of irradiated OPC 
cancer patients 

• Determine the preliminary validity of the ACS 

• Assess the impact of neurocognitive problems and fatigue 
on quality of life 

• Correlate neurocognitive function and fatigue with RT 
dosimetric parameters in patient treated with  PBT 

 

1.7   Patient and Public Involvement (PPI)  

PPI played an important role throughout the research, helping to ensure the study 
remained both patient-centred and clinically relevant. The study designs and 
procedures were presented to the radiotherapy PPI group at Leeds, who provided 
valuable feedback from a patient perspective. One initial concern was that the 
use of digital cognitive assessment tools might exclude certain participants, 
particularly older patients less comfortable with technology. However, feedback 
from the PPI group was reassuring, with members expressing confidence that the 
online format would be manageable for most participants. In addition to formal 
PPI engagement,  informal discussions were held with several patients attending 
follow-up clinics to explore their views on the focus and relevance of the research. 
These discussions helped to ensure the studies addressed outcomes meaningful 
to the patient population it aimed to serve.  

Input from both formal and informal PPI activities informed the design of study 
materials and data collection procedures, demonstrating the practical value of 
involving patients and the public throughout the research process. The feedback 
and perspectives gained through PPI reinforced the pragmatic philosophy 
underpinning the research, aligning with the goal of generating actionable 
knowledge while respecting and incorporating participant experiences. 

 

1.8 Thesis objectives 

1.8.1 Objectives  

The specific objectives of this research are:  

 



26 
 

 

• To assess neurocognition and fatigue in a retrospective cohort of 
irradiated OPC patients using an online cognitive test battery (ACS) and 
validated questionnaire (MFI) 

• To design and conduct an RCT to evaluate feasibility  of the ACS as an 
assessment tool and determine preliminary validity of the ACS 

• To assess neurocognition and fatigue in a patient population with OPC, 
treated with PBT within the TORPEdO  (Toxicity Reduction using Proton 
bEam therapy for Oropharyngeal cancer) phase III RCT 

• To investigate the impact of neurocognitive impairment and fatigue on 
HRQoL 

• To investigate associations between neurocognitive function and fatigue 
with RT dosimetric parameters in Patients treated for OPC with PBT and 
photon RT 

Table 1-4 illustrates how each study contributes to the overall aims and objectives 
of this thesis. NOC-Rad provides data from a controlled clinical trial, including 
feasibility assessment of online cognitive tools and patient-reported outcomes 
following proton radiotherapy. ROC-oN complements this with real-world, cross-
sectional data from a large cohort treated with photon radiotherapy. By combining 
these studies, the research enables triangulation of quantitative and qualitative 
findings, allows comparison of outcomes across radiotherapy modalities, and 
ensures that all thesis objectives are addressed in a coherent and complementary 
manner. 

Table 1-4 Contribution of each study to the thesis aims and objectives 

Thesis 
Aim/Objective  

NOC-Rad ROC-oN Notes  

Aim 1: Investigate 
long-term fatigue in 
patients treated for 
oropharyngeal 
cancer 

  NOC-Rad = proton 
therapy; ROC-oN = 
photon therapy 

Objective 1a: 
Quantify fatigue 
prevalence and 
severity following 
radiotherapy 

 

Quantitative Quantitative Enables cross-modality 
comparison 
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Objective 1b: 
Explore patient-
reported experiences 
of fatigue 

Qualitative Qualitative Triangulation of patient 
experience 

 

Aim 2: Examine 
neurocognitive 
outcomes following 
radiotherapy 

 

  Combines trial and real-
world data 

Objective 2a: Assess 
cognitive function 
using online 
cognitive battery  

Quantitative  Quantitative  Enables cross-modality 
comparison 

Objective 2b: 
Explore patient 
perspectives on 
cognitive changes 

 

Qualitative  Qualitative Interviews/questionnaires 
across studies 

Aim 3: Feasibility  of 
online cognitive 
battery 

Quantitative  

Qualitative  

 NOC-Rad only; feasibility 
of online battery 

 

The NOC-Rad study was intended to serve as the primary focus of the research. 
However, as the project progressed, practical considerations and emerging 
opportunities prompted a re-evaluation and adaptation of the research focus. The 
complementary ROC-oN study offered access to a broader participant base and 
ability to investigate fatigue and neurocognitive outcomes across different 
radiotherapy modality.  

 

Incorporating both studies enabled a dual perspective: NOC-Rad provided the 
opportunity to assess these outcomes within a controlled trial environment, 
including the feasibility of implementing an online cognitive assessment battery, 
while ROC-oN offered insights into how these same outcomes manifest in routine 
clinical practice over a broader patient population. This integrated approach 
strengthened the study’s overall contribution and by bridging these two 
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approaches it provided a more comprehensive understanding of long-term 
patient experiences following radiotherapy for oropharyngeal cancer 

 

1.9 Chapter summary  

The chapters in this thesis are as below  

•  Chapter 1: Introduction 

• Chapter 2: A systematic review 

• Chapter 3: Multidimensional fatigue and its impact on work 
productivity, mood and quality of life in long-term survivors 
following definitive intensity-modulated radiotherapy for 
oropharyngeal cancer : a  cross-sectional study 

Quantitative arm of ROC-oN study 

• Chapter 4: Neurocognitive concerns and neurocognitive 
impairment in long-term survivors of oropharyngeal cancer post 
(chemo)radiotherapy 

Quantitative arm of ROC-oN study 

• Chapter 5: "Why am I still suffering?": Experience of long-term 
fatigue and neurocognitive changes in oropharyngeal cancer 
survivors following (chemo)radiotherapy 

Qualitative arm of ROC-oN study 

• Chapter 6: The NOC-Rad study 

• Chapter 7: Discussion 
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Neurocognitive function following (chemo)radiotherapy for 

nasopharyngeal cancer and other head and neck cancers: A 
systematic review 

 

2.1 Contextual background 

Neurocognitive impairment is a recognised but often-overlooked consequence of 
cancer treatment, which can have a significantly impact on quality of life. Given 
the increasing number of head and neck cancer (HNC) survivors, a 
comprehensive review of the existing literature was warranted to assess this 
issue in this patient population, following non-surgical treatment.  

At the time this work was undertaken, there was very limited published evidence 
examining neurocognitive outcomes specifically in patients with OPC. In contrast, 
the majority of available studies in this area were conducted in patients with 
nasopharyngeal cancer, where the use of radical radiotherapy in close proximity 
to central nervous system structures has long raised concerns regarding late 
effects. For this reason, the systematic review focused predominantly on 
nasopharyngeal cancer, with the aim of drawing insights from the closest 
available evidence base. These findings were then considered in the context of 
oropharyngeal cancer, where evidence remains scarce but the potential for 
similar treatment-related effects is highly relevant. 

The specific objective of this chapter was to carry out a comprehensive review 
and critical synthesis of the literature, summarising the evidence in 
Nasopharyngeal cancer  on affected neurocognitive domains, the role of imaging 
in identifying changes which could be indicative of future neurocognitive 
impairment and the impact of neurocognitive changes on quality of life. 

The review specifically focused on neurocognition. While fatigue is also of major 
interest for this thesis, numerous reviews already exist which examine cancer-
related fatigue (CRF) across various cancer populations, resulting in a substantial 
body of evidence on this subject. Therefore, a separate review on fatigue would 
offer limited additional insights. In contrast, neurocognitive outcomes in head and 
neck cancer (HNC) survivors have been less extensively studied, highlighting the 
need for a consolidated review. 

This chapter includes  a published systematic review paper (Neurocognitive 
function following (chemo)radiotherapy for nasopharyngeal cancer and 
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other head and neck cancers: A systematic review), providing evidence that 
fills a gap in literature and insights which could improve patient care, inform 
rehabilitation strategies and guide future research in this area. 

 

2.2 Abstract  

When radiotherapy is used in the treatment of head and neck cancers, the brain 
commonly receives incidental doses of radiotherapy with potential for 
neurocognitive changes and subsequent impact on quality of life. This has not 
been widely investigated to date. 

A systematic search of MEDLINE, EMBASE, Psychinfo and the Cochrane Central 
Register of Controlled Trials (CENTRAL) electronic databases was conducted.  
Of 2077 records screened, 20 were eligible comprising 1308 patients. There were 
no randomised studies and 73.3% of included patients were from single centre 
studies. IMRT was delivered in 72.6% of patients, and chemotherapy used in 
61%. There was considerable heterogeneity in methods. Narrative synthesis was 
therefore carried out. Most studies demonstrated inferior neurocognitive 
outcomes when compared to control groups at 12 months and beyond 
radiotherapy. Commonly affected neurocognitive domains were memory and 
language which appeared related to radiation dose to hippocampus, temporal 
lobe, and cerebellum. Magnetic Resonance Imaging could be valuable in the 
detection of early microstructural and functional changes, which could be 
indicative of future neurocognitive changes. In studies investigating quality of life, 
the presence of neurocognitive impairment was associated with inferior quality of 
life outcomes. 

(Chemo)radiotherapy for head and neck cancer appears to be associated with a 
risk of long-term neurocognitive impairment. Few studies were identified, with 
substantial variation in methodology, thus limiting conclusions. High quality large 
prospective head and neck cancer studies using standardised, sensitive, and 
reliable neurocognitive tests are needed. 

 

2.3 Introduction  

Definitive radiotherapy (RT) +/- chemotherapy is a standard of care for the 
treatment of head and neck cancer (HNC) patients[1, 2]. This is associated with 
potential for severe morbidity that can impact on long term quality of life[3-5]. 
Epidemiologic change, improved diagnostics and novel therapeutic modalities 
have translated to improved life expectancy[6, 7]. With an increased focus on 
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survivorship, achieving a balance between tumour control and toxicity prevention 
has become a key challenge[1, 8, 9]. Neurocognitive impairment can be a side 
effect of commonly used cancer treatments, including RT when dose is delivered 
to the brain[10-13], and chemotherapy[14]. Neurocognitive functioning is a 
performance outcome, and even subtle impairments may impact negatively on 
quality of life (QOL) and day to day functioning[15, 16].  

The radiation dose delivered to the brain tissue in patients with HNC is related to 
delivery technique, tumour site and consequently target volume. Achieving 
acceptable dosimetric coverage of target volumes adjacent to the skull base 
inevitably involves some dose deposition in nearby brain tissues. This is well 
documented in the treatment of nasopharynx cancer, for which temporal lobe 
necrosis is a recognised toxicity[17]. However, for other head and neck primary 
sites, treatment of retropharyngeal and/or retrostyloid lymph nodes is routinely 
required[18], extending target volumes towards the skull base. RT techniques 
also impact upon dose to adjacent brain structures. In the era of 2D or 3D 
conformal planning, this could involve high doses to nearby non-target brain 
tissue e.g. temporal lobes in nasopharynx cancer. Intensity modulated 
radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT) is now 
routinely used, which may deliver a low dose ‘bath’ to normal inferior regions of 
the brain[19] which has potential toxicity implications. For example, a phase 3 
trial of IMRT versus conformal RT for parotid sparing for oropharynx cancer 
(PARSPORT trial) reported an increased fatigue in the IMRT arm with a potential 
relation to incidental dose to the brainstem[20]. 

It has been hypothesised that radiation doses delivered to central nervous system 
structures as part of curative-intent treatment for HNC could have a long term 
detrimental impact upon neurocognition in survivors[20, 21].The impact of RT 
upon long term neurocognition and the importance of this as a survivorship issue 
remains uncertain. The study therefore aims to perform a systematic review and 
narrative synthesis regarding neurocognitive outcomes following definitive 
(chemo)RT in HNC survivors.  

 

2.4 Methods 

2.4.1 Objectives  

This systematic review primarily aims to address the neurocognitive impact of RT 
with or without chemotherapy in the treatment of non-metastatic HNC. 
Secondarily, it aims to evaluate the impact of neurocognitive changes following 
such treatment on quality of life in HNC survivors. 
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PRISMA guidelines for systematic reviews[22](figure 2.1) were used as a 
template for the methodology. A comprehensive systematic search strategy 
informed by an information specialist was used to query MEDLINE, EMBASE and 
Pyschinfo electronic databases from inception until September 2022 (additional 
search strategy information can be found in Supplementary Material). Review 
databases (Cochrane Systematic Review Register and PROSPERO) and trial 
registers were searched to identify any relevant on-going reviews and trials. 

 

Figure 2-1 PRISMA diagram showing the inclusion and exclusion of 
papers in the review 
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2.4.2 Selection criteria  

The inclusion criteria for study selection were studies published in English, in full 
text and abstract form, reporting on neurocognition outcomes assessed using a 
screening tool or test battery or self-reported, following radical RT with or without 
chemotherapy in adult HNC patients. Studies that investigated potential 
associations between neurocognitive and MRI changes were also included. 
Studies within which the target population formed a subset of a wider sample 
(e.g., patients with multiple cancer types) were excluded. Studies that included 
paediatric patients (<18years), case studies, review articles, conference 
abstracts, sample sizes of ≤20 patients (to mitigate limitations associated with 
very small sample sizes) and studies that examined palliative RT or adjuvant RT 
(to avoid the confounding effect of surgery) were excluded.  

 

2.4.3 Data extraction  

One reviewer (ZIE) conducted the database search and screened titles and 
abstracts. Two reviewers (ZIE and FS) independently reviewed full texts, with 
discordance between reviewers resolved following arbitration by a third reviewer 
(LM). The quality of each study was assessed using a quality appraisal tool for 
case series[23]. Extracted data including the following, first author and country in 
which the study took place, study type (prospective or retrospective), single/multi-
centre status, study period/date of recruitment, number of patients, mean/median 
age, primary disease characteristics, primary treatment modalities, tools used to 
assess neurocognition and domains of cognition assessed, timing of 
neurocognitive assessment(s), structural changes on cross-sectional imaging, 
and quality of life measurements. 

 

2.4.4 Synthesis  

A narrative synthesis method was adopted to summarise, incorporate, and 
interpret the findings of included studies. This was considered appropriate given 
the significant heterogeneity in study methodology and outcome measures. The 
process of synthesis involved developing a preliminary synthesis, exploring 
relationships between included studies and assessing strength of the evidence, 
as guided by Popay et al[24]. 
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2.5 Results  

The systematic literature search identified 2077 unique records. After screening 
title and abstract, 77 full text articles were assessed, and 20 studies were 
included in the final analysis. A PRISMA flowchart of the systematic review is 
presented in Figure2.1.  

The quality of the evidence varied per study, as reflected in the range of scores 
from the quality appraisal tool for case series studies (see Supplementary 
Material for summary of results). Therefore, findings should be interpreted with 
caution and study limitations should be considered. 

Across the 20 included publications, a total of 1308 patients were included. 19/20 
studies exclusively studied patients treated for nasopharyngeal cancer (NPC). 
Only one study included a heterogenous group of HNC patients but excluding 
NPC patients[25]. Sample sizes ranged from 22 to 146 patients and studies 
covered the period 1998-2021. IMRT (including VMAT) was used to treat 72.6% 
of patients and 61% received chemotherapy. Baseline patient and treatment 
characteristics are reported in Table 2.1. The impact of neurocognitive deficits on 
quality of life was evaluated in three studies.  

 

Table 2-1 Patient characteristics 

Characteristics        

n=1308(n/%) 

Subsite   

Nasopharynx 1228 (93.9%) 

Oropharynx 61 (4.7%) 

Hypopharynx  5 (0.4%) 

Larynx 7 (0.5%) 

Nasal cavity  2 (0.1%) 

Unknown primary  5 (0.4%) 

 

Stage   

I/II 74 (5.7%) 

III/IV 780 (56.4%) 

Unreported  496 (37.9%) 
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Radiotherapy Technique  

IMRT (including VMAT) 950 (72.6%) 

3D conformal planning (3DP) 239 (18.3%) 

Tomotherapy 18 (1.4%) 

Unreported  101 (7.7%) 

Prescription dose to highest dose target (range) 66-80Gy 

Dose /fraction (range) 

 

1.8 – 2.7Gy 

Use of chemotherapy   

Radiotherapy alone 94 (7.2%) 

Concurrent chemoradiotherapy therapy (CRT)  636 (48.6%) 

Neoadjuvant/adjuvant chemotherapy + CRT 162 (12.4%) 

Unreported  416 (31.8%) 

 

Timing of first neurocognitive assessment from treatment 

completion 

 

<3 months or pre-treatment 193 (14.9%) 

3-6 months 342 (26.1%) 

>6-12 months 139 (10.6%) 

>12 months 634 (48.4%) 

 

2.5.1 Neurocognitive Outcomes following External beam 
radiotherapy 

A wide variety of tools were used for assessment of neurocognitive function: the 
Montreal Cognitive Assessment (MoCA; n=12 studies)[26-37], Mini Mental State 
Exam (MMSE; n=4)[17, 32, 38, 39] and Wechsler Adult Intelligence Scale revised 
or edition III (WAIS- R/III; n=4)[17, 25, 40, 41]. In addition, four studies used 
multiple tools[17, 32, 38, 40]. Two studies used self-reported measures of 
cognition as opposed to objective tests[26, 42]. 
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Different comparator groups have also been employed across the different 
studies: 11 studies compared irradiated patients to matched healthy controls at 
one or more time points and nine studies compared irradiated NPC patients with 
other NPC patients, including non-irradiated NPC patients (including within 
patient comparisons before and after RT) or irradiated NPC patients at different 
time points. In addition, one study[26] used ‘cut-off’ scores (score <23 on the 
MoCA) to define neurocognitive impairment (range 13–30, mean 23.7, SD 3.4), 
without comparison to any other group.  

Within these studies, 14 incorporated radiological imaging to categorise patients 
according to the presence or absence of structural (necrosis, bleeds, atrophy, 
dilatation) or functional (blood flow, nodal activity) brain changes following RT. 
These studies compared neurocognitive function between groups or referenced 
neurocognitive function to imaging changes. Multiple comparators were used in 
two studies[32, 40].  

Of the 20 studies, 11 performed longitudinal analysis, either using patients as 
their own controls and assessing within patient change over time (n=4)[29, 38, 
39, 43] or in comparison to healthy controls at each time point (n=7) [25, 27, 30, 
33, 35-37].  

Compared to a healthy population, five studies[25, 30, 35, 40, 41] observed 
inferior neurocognitive outcomes in irradiated NPC patients when assessed at 
least 12 months after RT (Table 2). In one study, compared to healthy controls 
(matched for age and educational level), irradiated NPC patients demonstrated 
worse performance on most memory tests after a mean follow up of 28 
months[40] In the single non-NPC study, composite global function in irradiated 
patients (calculated using the mean score across domains in the test battery) 
progressively declined in the two years after definitive treatment with (chemo)RT 
compared to healthy controls (Cohen’s d effect sizes;  mean [and 95% CI] −0.38 
[−0.55 to −0.22], −0.75 [−0.92 to −0.58] and −1.06 [−1.26 to −0.86]) at 6, 12 and 
24 months, respectively[25]. 

Nine studies (table 3) used non-irradiated NPC (yet to receive RT) patients as a 
potentially more comparative population to irradiated NPC patients than the 
general population. Hsia et al [38] and Wu et al[32], showed statistically 
significant differences  between these groups in neurocognition assessed with 
screening tools. Inferior outcomes  were observed in the irradiated groups, with 
statistically significant mean score differences on the Cognitive Abilities 
Screening Instrument (CASI; mean ± SD: 88.9 ±8.19(non-irradiated) vs. 
85.93±8.02(irradiated), p<0.033)[38], MoCA (27.2 ±2.2 (non-irradiated) vs. 21.8 
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±5.3 (irradiated), p<0.001)[32] and MMSE (28.9 ±1.9 (non-irradiated) vs. 25.4 
±4.6 (irradiated), p<0.001)[32].  

In total, 11 prospective studies including the one non-NPC study, evaluated 
longitudinal changes in neurocognition (i.e., within patient comparisons over time 
or in comparison to healthy controls at each time point). Ren et al[27] 
demonstrated alterations in cerebral functional based on functional MRI, 24 hours 
after RT compared to imaging pre-treatment, but no changes were observed in 
neurocognition over this time. Similarly, Mo et al[43] found no acute 
neurocognitive deficits following IMRT in a cohort in whom neurocognition was 
assessed one week before and after RT. In the subacute period (3-6 months post-
RT), however, patients who displayed significant intracranial volume changes on 
imaging also manifested a rapid decline in neurocognitive function[30, 33]. After 
the subacute period(6 months and beyond), Ma et al observed significant 
correlations between functional brain connections on imaging and MoCA 
scores[34]. Most studies (n=11) showed an increased rate of impaired 
neurocognitive functioning at 12 months and beyond definitive RT, with deficits 
increasing over time, including the non-NPC study, as detailed above[25, 27, 29, 
30, 33-36, 38, 39, 44]. The risk of deterioration in neurocognitive functioning was 
observed to extend into very long-term survivorship (>10years) in one study[42]. 

 Neurocognitive performance is typically conceptualised in terms of functional 
domains and these domains are not independent of each other [45]. For language 
function, Hua et al[41] found performance of post-RT patients comparable to  
normal controls and patients awaiting RT in mean scores across the 3 groups 
evaluated by  token test (42.02 ± 2.36 (post-RT patients) vs 42.29 ± 1.72 (healthy 
controls) vs 41.48 ± 3.09 (pre-RT patients), p=0.46), visual naming subtest (54.74  
± 5.76 (post-RT) vs 54.86  ± 5.4 (healthy controls)  vs 54.0 ± 4.99 (pre-RT), 
p=0.81) and semantic association (36.47  ± 9.69 (post-RT)   vs 37.96  ± 7.91 
(healthy controls) vs 37.48 ± 8.86(pre-RT), p=0.80.This differs from the other 
studies that examined language: Lam et al[40] reported lower scores in patient 
groups than control group in WAIS-R tests of verbal intelligence (p=<0.05 on digit 
span, difference in recall from the third trial onward p=<0.05).This finding was 
attributed to possible underlying semantic memory deficits[40]. Wu et al[32] also 
found significant reduction in language subdomain mean scores on the MoCA 
(2.9 ± 0.3 (patients without radionecrosis) vs 2.3 ± 1.0 (patients with 
radionecrosis), p=<0.001) and MMSE (8.8 ± 0.5 vs 8.3 ± 1.2, p=<0.001)  
compared to patients without cerebral radionecrosis on imaging. 

Impaired performance in memory in irradiated patients was reported in all studies 
that assessed neurocognitive domains. Hua et al[41] also found episodic memory 
test performance of normal controls and non-irradiated NPC patients was 
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superior to irradiated NPC patients, reaching statistical significance in the Word 
Sequence Learning [correct (healthy controls: 58.89  ± 5.2  vs pre-RT patients: 
51.14  ± 8.68 vs post-RT patients: 48.67 ± 9.38, respectively, p=0.03] and 
recall[4.0 ± 1.41  vs 3.11  ± 1.71 vs  2.96 ± 1.76, respectively, p=0.02]) and figure 
memory subtest of the WMS-R (7.23 ± 1.44  vs 6.93 ± 1.21 vs  6.33 ± 1.59, 
respectively=0.05)[41]. Lam et al[40] evaluated working memory by using the 
digit and visual span tests and episodic memory with the Rey auditory and visual 
learning tests. Patients with temporal lobe injury had lower scores on forward 
visual span compared to healthy controls (one-way ANOVA, F3.39, df 2.67, 
p=<0.05). On the Rey auditory test differences in recall became significant from 
the third trial onward in patients with and without temporal lobe injury compared 
to healthy controls (one-way ANOVA, p=<0.05) and on the Rey visual learning 
test, again, patients with and without temporal lobe injury performed worse (one-
way ANOVA, p=<0.05)). Deficits after RT were considered related to retrieval 
problems rather than encoding strategies[40]. In addition, over time, verbal 
memory was better preserved than visual memory[40].  

Zer et al[25] converted neurocognitive test scores to age-corrected z scores 
(patient deficit defined as -1.64 SD.)  and found comparable degrees of decline 
across all domains at 6 months post-RT compared to healthy controls, but at 24 
months more patients demonstrated declines in specific domains, including 
verbal memory (Cohen’s effect d = −0.16;  95%CI −0.33 to 0.02; d = −0.38; 95%CI 
−0.64 to −0.12; and d = −0.53; 95%CI −0.74 to −0.32, measured at 6, 12 and 24 
months, respectively). 

Attention and processing speed have also been shown to be impacted post-RT 
in HNC patients compared to healthy controls and HNC patients without radiation 
related structural changes on MRI. Zer et al. [25] reported a decline in these 
domains over time (measured at 6, 12 and 24 months): intellectual capacity 
(Cohen’s d = −0.46; 95%CI −0.64 to −0.30;  d = −0.51; 95%CI −0.72 to −0.30; 
and d = −0.70; 95%CI −0.92 to −0.49 respectively), concentration   (Cohen’s 
d = −0.19; 95%CI, −0.37 to 0.00; d = −0.38; 95%CI −0.55 to −0.21; and d = −0.54; 
95%CI −0.71 to −0.37, respectively) and  executive function  (Cohen’s d = −0.14; 
95%CI−0.27 to −0.00; d = −0.34;  95%CI−0.52 to −0.16; and d = −0.43; 95%CI 
−0.64 to −0.22, respectively) post RT. Attention was significantly worse compared 
to control group based on mean MOCA scores (5.0 ± 1.2 vs 5.7 ± 0.5, p=<0.001) 
and MMSE(3.6 ± 1.7 vs 4.3 ± 1.0, p=0.002) in the study by Wu et al[32].  
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Table 2-2 Studies with ‘healthy’ individuals as comparators (n=11) 

Study  

(Type of 
study) 

N receiving 
intervention 

(radiotherapy
)  

H &N 
subsite 

Radiotherap
y Technique 

Comparato
r group 

MRI Follow-up 
interval / time 
to 
neurocognitiv
e assessment 
(and imaging 
if relevant) 

Tool to 
assess 
cognitio
n  

Neurocognitive 
function (NCF) 
outcome 

 

Hua et al, 

1998 [41] 

National 

Taiwan 

University 

Hospital 

(retrospective

) 

27 NPC 3-DP 35 age and 

education 

matched 

healthy 

controls 

Not reported 

 

 

 

 

Median 1.7 years 

(range 7 days to 9 

years) 

WAIS- R Neuropsychological 

impairments (p<0.05) 

in auditory attention 

/concentration, recent 

memory, immediate 

and delayed verbal 

recall and immediate 

visual recall, higher-

order visuospatial 

abilities, and 

bimanual dexterity 

following RT 
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Cheung et al, 

2000 [17] 

Queen 

Elizabeth 

Hospital 

Hong Kong 

(retrospective

) 

 

53 NPC 3-DP 31 age and 

education 

matched 

healthy 

controls 

31/53 had 

Temporal 

lobe 

necrosis 

(TLN) on 

MRI 

Unreported Cantonese-

MMSE 

WAIS-R 

NCF of patients 

without TLN similar to 

controls. 

 

Patients with TLN had 

memory and other 

NCF impairments; 

verbal (p=<.001) and 

visual memory (range 

p=<.001 to P =0.03), 

language 

(range, p=<.001 

to p = .01), motor 

ability (p = .02), 

planning (p =0.02), 

cognitive ability 

(p =0.007), and 

abstract thinking 

(range p =0.009 to p= 

0.04). 

Lam et al, 

2003 [40] 

60 40 NPC 

patients with 

3-DP 20 NPC 

patients 

Cohort of 40 

with CT or 

Mean interval 

from RT of 5.5 

Chinese 

WAIS-R 

Both patient groups 

performed 
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Prince of 

Wales 

Hospital 

Hong Kong 

(retrospective

) 

 

 

 

 

CT or MRI 

evidence of 

temporal 

lobe injury 

without 

temporal lobe 

injury and 19 

healthy 

controls 

matched for 

age and 

educational 

level. 

 

MRI 

evidence of 

temporal 

lobe injury 

and 20 

without 

imaging 

evidence of 

TLI 

years (TLI) and 

5.0 years (no TLI). 

Followed up for 28 

months (range 11- 

42 months) 

 

Rey 

auditory 

test 

 

Visual 

learning 

test 

significantly worse on 

most memory tests 

compared to healthy 

controls. 

 

No significant 

difference between 

patient groups with or 

without temporal lobe 

injury 

 

Shen et al, 

2016[28] 

Sun Yat-Sen 

University, 

Guangzhou 

(retrospective

) 

 

106 NPC IMRT (35.8%) 

 

 

66 patients 

with other 

diseases, no 

RT or brain 

pathology 

matched for 

age and 

education. 

 

At least 1 

cerebral 

microbleeds 

(CMB) was 

found in 

98.7% in the 

radionecrosi

s (RN) 

group, in 

42.9% in the 

non-RN 

5.3-6.5yrs MoCA Number of temporal 

cerebral microbleeds 

independently 

associated with 

increased likelihood 

of cognitive 

dysfunction in 

patients with RN. (OR 

1.03; CI 1.01-1.04; 

p=0.003) 
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group, and 

in 21.2% in 

the control 

group. 

 

 

CMBs occurred most 

frequently (76.4%) in 

temporal lobes, 

followed by 

cerebellum (23.7%), 

basal ganglia 

(15.8%), occipital 

lobe (10.5%), brain 

stem (9.2%), and 

frontal lobe (3.9%) 

Guo et al, 

2018[36] 

Guangzhou 

Medical 

University 

(prospective) 

 

63 NPC IMRT 20 age and 

education 

matched 

healthy 

controls 

Longitudinal 

MRI to 

monitor 

structural 

brain 

changes. 

 

6 months 

 

MoCA and MRI 

carried out at 

baseline (before 

RT), 3 and 6 

months after RT 

MoCA Longitudinal dilation 

of the ventricles 

correlated with 

longitudinal reduction 

of neurocognition in 

NPC patients (β 

coefficient= - 4.63, 

p=0007). 

 

Significant time-

dependent decreases 

in volumes of 
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total grey matter, & 

bilateral temporal 

lobes 

Zer et al, 2018 

[25] 

Princess 

Margaret, 

Toronto 

(prospective) 

 

 

 

 

80 Hypopharyn

x (5) 

Oropharynx 

(61) 

Laryngeal 

(7) Nasal 

Cavity (2) 

Unknown 

Primary (5) 

 

 

IMRT 40 age 

matched 

healthy control 

Unreported 24 months 

 

Neurocognitive 

assessments 

done at 4 time 

points: baseline 

(within 2 weeks 

prior to start of 

treatment), end of 

treatment (6 

months after 

baseline), 12 and 

24 months after 

baseline 

 

WAIS-III Significant differences 

in some domains 

(attention, verbal 

memory, executive 

function) in HNC 

patients, with deficits 

increasing over 2 

years. 

 

Significantly 

Increased rate of 

impaired global 

neurocognitive 

functioning among 

patients (38%) at 24 

months compared 

with controls (0%) 
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Ren et al, 

2019[27] 

National 

Cancer 

Hospital 

Beijing 

(prospective) 

 

 

22 NPC IMRT 20 age, 

gender and 

education 

matched 

healthy control 

Longitudinal 

functional 

MRI 

1 day before to 1 

day after RT 

 

MoCA and 

functional 

MRI 

Cerebral functional 

alterations occur 

immediately after RT. 

 

No significant 

changes in MoCA in 

patients before and 

after RT compared to 

healthy controls. 

Lv et al, 2019 

[33] 

Sun Yat-sen 

University 

Cancer 

Center, China 

(prospective) 

 

58 NPC IMRT (91.4%) 

 

Tomotherapy 

(8.6%) 

 

20 

comparable 

normal 

controls 

MRI 

evidence of 

volume 

reduction in 

the 

hippocampal 

and subfield 

region 

Longitudinally 

followed up; prior 

to RT, 3 and 6 

months after RT 

MoCA High volume losses in 

the hippocampus and 

subfields (specific 

regions in 

cerebellum) 

significantly 

associated with a 

rapid decline in 

neurocognitive 

function. 

Left hippocampus: 

Pearson’s correlation 
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coefficient for volume 

loss and MoCA score 

(r)=0.01, p = 0.017, 

Right 

hippocampus: r=0.01

3, p = 0.002, 

Hippocampal Left 

Subfield r= 0.061 p= 

0.018, L Granular Cell 

Layer r= 0.102 

p=0.011, R Granular 

Cell layer r=0.158 

p=0.022, Right 

Molecular layer 

r=0.285 p=0.002 

Qui et al, 

2021[30] 

Guangzhou 

Medical 

University 

(prospective) 

146 NPC Unreported 19 

comparable 

normal control 

Longitudinal 

changes in 

white matter 

on MRI 

 

1 year 

 

Imaging and 

neurocognitive 

assessment at  4 

time points ; Pre-

RT and  follow-up 

MoCA RT-associated 

progressive diffusion 

reduction in the left 

CAB correlated with 

longitudinal atrophy of 

the ipsilateral 

hippocampus (β 

coefficient =1.15, 
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scans within  1–3 

months ,  6months   

and 9–12 months 

after RT. 

P = 0.033) and 

progressive cognitive 

impairment in NPC 

patients post-RT (β 

coefficient 5.49, 

p= 0.048). 

Lin et al, 2021 

[35] 

Guangzhou 

Medical 

University 

(prospective) 

 

120 NPC IMRT (91.7%) 

 

Tomotherapy 

(8.3%) 

20 normal 

controls 

MRI 

evidence of 

white matter 

volume 

alterations 

12 months 

Followed up at 4 

time points, 

baseline (pre-RT), 

within 3 months 

post-RT, 6 months 

post-RT and 9–12 

months post-RT 

MoCA Selective and time-

dependent white 

matter atrophy of the 

right inferior temporal 

gyrus correlated with 

cognitive decline over 

time (r=0.53, 

p<0.001). 

Fu et al, 

2022[37] 

Sun Yat-sen 

University 

Cancer 

Center 

(prospective) 

36 NPC IMRT (91.7%) 

 

Tomotherapy 

(8.3%) 

15 age, 

gender and 

education 

matched 

normal 

controls 

Longitudinal 

changes 

of brain 

network 

seen after 

RT 

12 months 

Followed up at 

baseline, within 

3 months and 

12 months post 

RT 

MoCA Altered nodal 

efficiency seen in 

bilateral frontal, 

temporal lobes and 

the right insula 

displayed a 

‘‘decrease-
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increase/recovery” 

pattern over time. 

 

Relationship between 

network measures 

and MoCA scores 

was not established 

 

No within subject or 

between subject 

group significant 

differences in MoCA 

scores 

Nasopharyngeal Cancer (NPC), Wechsler Adult Intelligence Scale -third edition (WAIS-III), Montreal Cognitive Assessment (MoCA), 
Temporal Lobe Necrosis (TLN), Mini Mental State Exam (MMSE), Neurocognitive function (NCF), Wechsler Adult Intelligence Scale -
Revised (WAIS-R), Cerebral Micro Bleeds (CMB), Wechsler Adult Intelligence Scale (WAIS-III), Cingulate Angular Bundle (CAB), 
Radiotherapy (RT), Intensity modulated radiotherapy (IMRT), 3D conformal planning (3-DP). p value documented where reported.  
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Table 2-3 Studies using non-irradiated comparators (including within patient comparisons), irradiated patients at different time 
points and cut-off scores (n=9) 

Study  

(Type of 
study) 

N=receiving 
intervention 
(radiotherapy) 

H &N 
subsite 

Radiotherapy 
technique 

Comparator 
group 

MRI Follow-up 
interval / time 
to 
neurocognitive 
assessment 
(and imaging if 
relevant) 

Tool to 
assess 
cognition  

Neurocognitive 
function (NCF) 
outcome 

 

Hsia et al, 

2010 [38] 

Kaohsiung 

Hospital, 

Taiwan 

(prospective) 

 

 

 

30 NPC IMRT Pre-treatment 

baseline NCF 

(i.e., within 

patient 

comparison) 

 

No 

temporal 

lobe 

necrosis on 

follow-up 

CT or MRI 

Mean 18 months 

(range 12-26 

months) 

 

 Neurocognitive 

tests at 1 day 

before RT and at 

least 12 months 

after RT 

CASI  

 

(combination 

of MMSE & 

Hasegawa 

Dementia 

rating scale) 

 

23/30 (76.7%) had 

significantly lower 

post-RT NCF 

scores compared 

with pre-RT NCF 

scores (difference 

in mean score on 

CASI 85.93 ± 8.02 

vs 88.9 ± 8.19 5, 

p= 0.033) 

Tang et al, 

2012 [31] 

46 46 NPC 

patients 

with MRI 

3-DP 46 Irradiated 

NPC patients 

without 

Cohort of 

46 with MRI 

evidence of 

Median 6 years 

(range 1-19years) 

MoCA Radiation injury 

was significantly 

associated with 
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Memorial 

Hospital and 

Cancer Center 

Sun Yat-sen, 

China 

(retrospective) 

 

evidence 

of 

radiation 

injury 

radiation injury 

on imaging  

 

radiation 

injury and 

46 without 

imaging 

evidence of 

radiation 

injury 

cognitive 

impairment (MoCA 

score <26). Score 

in MoCA of patients 

with radiation injury 

was significantly 

lower than that of 

patients without 

radiation injury 

(mean score and 

SD 21.32±2.45vs. 

25.98±1.73, 

p<0.001) 

 

Chemotherapy was 

a risk factor for 

cognitive 

dysfunction.  

 

Cognitive 

impairment was a 

significant predictor 
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of worse global 

QOL (β-coefficient 

=1.575, p=0.047) 

Mo et al, 2014 

[43] 

Cancer 

Hospital 

Guangxi, 

China 

(prospective) 

51 

 

NPC IMRT Pre-treatment 

baseline NCF 

(i.e., within 

patient 

comparison) 

 

 

MRI pre 

and post 

RT, findings 

unreported  

1-week post-RT; 

compared to 

baseline testing 

Das–Naglieri 

cognitive 

assessment 

system 

 

Cognitive 

assessment pre-RT 

similar to 

immediate post-RT 

results. No acute 

cognitive deficits 

seen. 

 

Wu et al, 2014 

[32] 

First Affiliated 

Hospital Sun 

Yat-Sen and 

Cancer Center 

Guangzhou 

China 

(retrospective) 

 

80 NPC IMRT  36 newly 

diagnosed 

(non-

irradiated) 

NPC patients.  

 

Cerebral 

Necrosis 

(CRN) on 

MRI in 40 

patients, no 

CRN in 40 

patients 

 

No- CRN cohort 

3.8 ± 2.6yrs  

 

CRN cohort 4.3 ± 

2.9yrs 

 

MMSE 

 

MoCA 

(Beijing 

version) 

 

 ADL 

 

CRN patients 

generally manifest 

cognitive and 

psychological 

impairment 

compared to 

patients without 

CRN and pre 

radiotherapy 
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 Thirty (75%) of the 

RT + CRN patients 

were deemed 

cognitively 

impaired by the 

MoCA compared 

with 9 (22.5%) by 

the MMSE (χ 2 = 

22.064; p < 0.001) 

Ma et al, 

2017[34] 

Guangzhou 

University 

Hospital 

(retrospective) 

 

 

 

59 NPC IMRT 24 NPC 

patients pre-

RT matched 

for age, 

gender, 

education, and 

clinical stage 

Functional 

MRI 

Range 6-87 

months  

MoCA Altered cerebellar–

cerebral functional 

connectivity was 

observed in 

irradiated patients, 

and two 

connections 

significantly 

correlated to MoCA 

score, functional 

connectivity 

between the right 

cerebellar lobule 

VIIb and right 
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fusiform gyrus (r= − 

0.34, p= 0.008), 

and between the 

left cerebellar 

lobule VIII and right 

crus I (r= −0.30, p 

=0.021). 

Qui et al, 

2018[29] 

Sun Yat-sen 

University 

Cancer Center 

(prospective) 

 

 

39 NPC IMRT Pre-treatment 

baseline NCF 

(i.e., within 

patient 

comparison) 

 

 

Longitudinal 

structural 

and 

functional 

MRI 

changes 

3 months  

 

MoCA and 

functional imaging 

at baseline (pre-

RT) and 3 months 

after RT 

MoCA Intra-network and 

the inter-network 

functional 

connectivity 

significantly 

reduced 3 months 

post-RT in NPC 

patients. 

 

General cognitive 

function 

significantly 

declined post-RT 

(means score 

difference on 
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MoCA 24 [at 

3months post RT] 

vs 25.2[pre-RT], 

p<0.05) 

Kiang et al, 

2016 [42] 

University of 

California 

(retrospective) 

  

 

 

 

 

44 NPC IMRT 4 cohorts 

based on the 

duration since 

the end of 

radiotherapy.  

 

(<2.5 years, 

>2.5-6 years, 

6-10 years and 

>10 years 

post-

radiotherapy) 

Unreported  Median 5 years 

(range 5 months-

16 years) 

FACT-Cog All QoL measures 

were low during the 

initial recovery 

period (≤2.5 years) 

and were 

significantly higher 

by 6 years post-

IMRT. At >10 years 

post-IMRT, lower 

scores were 

observed in NPC-

specific and 

cognitive QoL 

domains. 

Liu et al, 2020 

[39] 

Fudan 

University 

86 NPC IMRT  Longitudinal 

monitoring of 

cognition and 

size of necrotic 

Entire 

cohort had 

MRI 

evidence of 

32 months (26–50 

months) 

 

MMSE 26 patients with 

temporal lobe 

necrosis (30%) 

demonstrated 
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Shanghai 

Cancer 

Center, China 

(prospective) 

 

 

mass every 3 

months (i.e., 

within patient 

comparison) 

temporal 

lobe 

necrosis 

Once necrosis 

diagnosed 

neurocognition and 

size of the necrotic 

evaluated every 3 

months 

obvious cognitive 

impairment (MMSE 

scores ≤ 26) over 

time. 

 

McDowell et 

al, 2019 [26] 

Princess 

Margaret, 

Toronto 

(retrospective) 

 

 

102 NPC IMRT Comparing 

objective and 

subjective 

assessments 

post-RT 

 

TLN was 

identified in 

22 patients 

(22%). 

Median follow-up 

of 7.5 years 

MoCA 

 

Self-

reported 

memory 

MDASI-HN 

 

Impaired MoCA 

scores (cut-off <23, 

mean 23.7, SD 

3.4,) observed in 

32%. 

 

Moderate to high 

rates of 

neurocognitive 

impairment on 

patient and family 

assessment  

 



63 
 

 

Clinically significant 

impairment in 

executive function  

 

Lower QoL 

correlated with 

higher 

neurobehavioral 

symptoms (total,  

r = - 0.62, p < 

0.001; apathy, r = - 

0.65, p < 0.001; 

disinhibition, r =- 

0.51, p < 0.001; 

executive 

dysfunction, r =- 

0.51, p < 0.001). 

Montreal Cognitive Assessment (MoCA), Functional Assessment of Cancer Therapy - Cognitive Function (FACT-Cog), Nasopharyngeal 
Cancer (NPC), Radiotherapy (RT), Intensity Modulated Radiotherapy (IMRT), Quality of life (QoL), MD Anderson Symptom Inventory for 
head and neck cancer (MDASI-HN), Mini Mental State Exam (MMSE), Cognitive Abilities Screening Instrument (CASI), Neurocognitive 
Function (NCF,) Activities of Daily Living (ADL Temporal Lobe Necrosis (TLN), Intensity modulated radiotherapy (IMRT), 3D conformal 
planning (3-DP. p value documented where reported. 
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2.5.2 MRI findings associated with cognition 

In three studies that examined patients treated for NPC, neuroimaging was used 
to identify groups for comparison of neurocognitive function (e.g., those with and 
without structural brain changes) and in seven studies neuroimaging was used to 
detect significant and progressive RT-associated structural brain changes 
following RT for NPC. 

Lv et al[33] demonstrated a time-dependent pattern of atrophy in the 
hippocampus and cerebellar subfields with elevated volume losses associated 
with rapid decline in neurocognitive function on the MoCA over 6 months(left 
hippocampus: r=0.01, p = 0.017, right hippocampus: r=0.013, p = 0.002). 
Longitudinal dilation of the ventricles was also found to correlate with longitudinal 
reduction of neurocognition (β coefficient= - 4.63, p=0007). An increased number 
of cerebral microbleeds, defined as haemorrhagic microvascular lesions or 
microangiopathy affecting the function of the neurovascular unit was shown to 
result in neurocognitive dysfunction as defined by scores <26 on MoCA (odds 
ratio 1.03, CI 1.01-1.04; p=0.003)[28]. Selective and time-dependent white matter 
atrophy in the right inferior temporal gyrus was correlated with progressive 
neurocognitive impairment demonstrated by decreasing MoCA scores (r=0.53, 
p=<0.001)[35]. In a prospective study by Liu et al[39] of 86 patients with temporal 
lobe necrosis with a median follow-up of 32 months, only 26 patients (30%) 
showed obvious neurocognitive dysfunction as quantified by MMSE scores (≤26). 
In all patients who displayed neurocognitive impairment, necrotic masses larger 
than 3.5 cm in maximum diameter were observed on MRI[39].  

Neurocognitive deficits have also been observed in morphologically normal 
appearing brains of NPC patients after RT. Ren et al[27] used the amplitude of 
the low-frequency fluctuations (ALFF) in blood oxygen level-dependent signal 
and functional connectivity (FC) to characterise cerebral functional changes. 
Statistically significant reductions were observed in ALFF (p < 0.05) and FC (P < 
0.001) in multiple cerebellar–cerebral regions[27]. This was not associated with 
significant changes in the MoCA as expected, perhaps given the very short 
interval of 24 hours between RT and imaging. Functional neuroimaging data also 
showed altered nodal efficiency distributed in the bilateral frontal and temporal 
lobes as well as the right insular region[37].  

In one study, altered cerebellar–cerebral functional connectivity  significantly 
correlated to attention scores on the MoCA (functional connectivity  between the 
left cerebellar lobule VIII and right cerebellar crus I and MoCA r= −0.32, p=0.001), 
left cerebellar lobule VIII and right medial frontal gyrus and MoCA r= −0.27, 
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p=0.040), and the right cerebellar lobule VIIb and right fusiform and MoCA r= 
−0.41, p=0.002))[34]. 

 

2.5.3 Dosimetric associations with neurocognition 

Guo et al[36] focused on areas of the brain that showed significant radiation-
induced changes over time after RT (IMRT delivering a dose of 68–70 Gy in 30–
33 fractions at 2.12–2.33 Gy/fraction) and the MoCA, and found changes in 
bilateral temporal lobe volume after RT correlated with mean irradiation dose to 
the corresponding temporal lobe (left temporal  β coefficient = - 4.75, p=0.0064  
and right temporal lobe β coefficient = -8.13, p=<0.001). Lv et al[33] also 
highlighted significant negative correlations between volume changes of the left 
hippocampus and the mean dose to the left hippocampus (β coefficient= - 0.112, 
p=0.021) in a cohort treated mainly with IMRT, with elevated volume losses 
associated with neurocognitive decline as evaluated by the MoCA (left 
hippocampus: β coefficient= 0.01, p=0.017, right hippocampus: β coefficient= 
0.013, p=0.002). Following IMRT, McDowell et al[26] using Frontal Systems 
Behaviour Scale (FrSBe) tool reported greater declines in apathy (β coefficient= 
0.236, p=0.027), and executive dysfunction (r=0.267, p=0.007) corelated with 
combined dose to both temporal lobes (V75Gy). 

 

2.5.4 Neurocognition and Quality of Life 

Survivors of HNC are at risk of detriment in QoL, even if treated with highly 
conformal techniques such as IMRT. Kiang et al[42] analysed neurocognitive 
QoL in patients treated for NPC  (n=44) at different time points (<2.5 years, >2.5-
6 years, 6-10 years and >10 years post-RT), using the FACT-Cog questionnaire 
which allocated summary scores (out of 132) based on perceived cognitive 
abilities, perceived cognitive impairments, impact on quality of life, and comments 
from others[42]. FACT-Cog mean scores were low (with a lower number 
corresponding to worse overall QoL) during the initial recovery period ≤2.5 years 
(88.1 ± 22.9) and at >10 years post-RT (88.9 ± 22.9) with statistical difference 
reported (p=0.02 on post hoc Newman-Keuls pairwise comparisons). There were 
also significant differences in mean scores at the different time points in the 
subscales of perceived cognitive abilities (15.8 ± 5.3 (<2.5 years) vs 23.0 ± 4.9 
(>2.5-6 years) vs 20.8 ± 6.2 (6-10yrs) vs 18.2 ± 3. (>10yrs), p=0.01) and 
perceived cognitive impairments (50.8 ± 14.1 (<2.5 years) vs 62.3 ± 10.0 (<2.5-6 
years) vs 56.7 ± 10.4 (6-10 years) vs 47.8 ± 15.8 (>10 years) respectively, 
p=0.04)[42]. 



66 
 

 

In a cohort  of NPC patients (n=46) with median follow up of 6 years, Tang et 
al[31], demonstrated patients with radiation injury had significantly impaired 
cognition using the MoCA compared to control (mean score and SD in group with 
radiation injury: 21.32±2.45  vs control group: 25.98±1.73; p<0.001). Exhibiting 
negative emotions with the MoCA score was a significant predictor of QoL 
measured on regression analysis (β coefficient= 21.050, p=<0.001).There was a 
significant difference between patient and control groups in QoL score (using the 
World Health Organization Quality of Life Brief Version (WHOQOL-BREF) a 26-
item instrument with  higher scores reflecting  better QOL ) in domains of physical 
health (16.50±11.05 (patient) vs. 35.02±10.43 (control), p<0.001), psychological 
health (17.70±10.33 vs 39.48±12.00), and social relationship (48.00±18.65 and 
67.15±19.70, p=0.001)[31]. In contrast, McDowell et al[26] in an NPC cohort 
(n=102) reported  that poor performance on the MoCA  (cut off score < 23 
indicating impairment; mean 23.7± 3.4; 32%  in the impaired range) was 
associated with a non-significant trend in reporting lower QoL (FACT-H&N, linear 
regression estimate 0.02, 95% CI:0–0.05, p=0.072) and lower QoL was instead 
found to be strongly correlated with higher neurobehavioral symptoms (total, r= -
0.62, p<0.001; apathy, r= -0.65, p<0.001; disinhibition, r= -0.51, p<0.001; 
executive dysfunction, r = -0.51, p<0.001)[26]  

 

2.6 Discussion  

In the current systematic review, we aimed to evaluate neurocognitive outcomes 
of HNC survivors treated with (chemo)RT.  

There is a limited number of studies exploring neurocognitive outcomes in HNC 
and considerable heterogeneity exists amongst included studies in terms of RT 
technique and timing and methods of neurocognitive assessment. However, 
many of the studies(n=15) demonstrate inferior neurocognitive outcomes in 
irradiated HNC patients compared to controls. The vast majority of studies 
focused on neurocognitive outcomes in patients with NPC. Due to anatomical 
location of NPC and the increased extent of skull base irradiation required, NPC 
patients can be considered a high risk group amongst HNC patients for 
neurocognitive toxicity, with proximity of tumours in this region to crucial brain 
components such as the temporal lobes, brainstem and the hippocampi[17, 38, 
42]. This could either be due to higher doses adjacent to target structures (or in 
more distant brain tissue with non-IMRT delivery techniques) or due to the lower 
dose ‘bath’ to inferior areas of brain tissue with IMRT.  However, the impact of 
irradiation of the posterior fossa, which commonly receives lower doses of 
radiation is also potentially important[46]. In the single study with a mixed cohort 
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of non-NPC HNC patients, of which 76% of patients had oropharyngeal cancers, 
impaired neurocognitive function was reported from 6 months compared to 
control[25]. Similar results have also been observed in other series (not meeting 
inclusion criteria of this review) that include non-NPC patients [47-50]. 

Pre-clinical and clinical evidence support several possible mechanisms behind 
radiation related neurocognitive decline. These complex mechanisms include (i) 
reduced neurogenesis in the hippocampus and altered neural stem cell 
differentiation, (ii) chronic inflammation/abnormal relationship between neural 
stem cells and microvasculature; (iii) altered neuron morphology leading to 
impaired synaptic function; and (iii) vascular insufficiency with ischemia-induced 
excitotoxicity, as observed in vascular dementia[51-55]. The pathophysiological 
reaction of normal brain tissue to irradiation has been classified according to 
symptom onset into; acute (a few days to a few weeks), early delayed/subacute 
(1-6 months) and a late delayed reaction period (more than 6 months to a few 
years) after RT[37, 56]. Much of the evidence suggests the risk of neurocognitive 
dysfunction is a late effect occurring at 12 months or more after irradiation. 

The most reported affected neurocognitive domain in the studies included in this 
review was memory, especially episodic memory (memory of everyday events 
that can be explicitly conjured). This is in keeping with findings from the earliest 
study exploring neurocognitive outcomes in HNC  by Lee et al, which reported 
impaired retrieval from long term memory  and non-verbal recall [57].The critical 
regions in the developed brain for neurogenesis are thought to be the sub 
granular zone (SGZ) of the hippocampus and the subventricular zone (SVZ) of 
the lateral ventricles[58]. Memory impairment is therefore thought likely to be 
mediated by damage to the hippocampus following RT [59, 60]. The impact on 
language is less certain, but the deficits in verbal intelligence reported in one of 
the studies included here was ascribed to impaired semantic memory [40]. 
Semantic memory is memory necessary for the use of language and, like episodic 
memory, semantic memory also depends critically on the hippocampus[61]. In a 
small study that investigated brain region-specific delivered dose and impairment 
in specific neurocognitive domains, the cerebellar lobes of the brain were 
identified as likely to receive clinically significant radiation doses in HNC[62]. One 
study, included in this review, indicated that post-RT cerebral microbleeds might 
underlie neurocognitive deficits, and these occurred most frequently in the 
temporal lobes, followed closely by the cerebellum[28]. The posterior lobe of the 
cerebellum is vital to cognition with lesions in this area leading to deficits in 
executive function, visual spatial processing, linguistic skills, and regulation of 
affect[63, 64].  The domains of attention and processing speed have also been 
shown to be impacted in post-RT HNC patients [25, 32] and impaired connectivity 
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between the cerebellar vermis and hippocampus has been found to be 
significantly correlated with attention score, assessed using the MoCA[65]. In a 
study in patients with sinonasal cancers, a positive correlation was found between 
executive dysfunction (measured on Stroop Colour Word test) and higher doses 
to the left hippocampus and left temporal lobe (r=0.7; p=<.01)[49]. Despite these 
observations, during HNC RT planning, the hippocampus and cerebellum are not 
routinely outlined or regarded as organs at risk [66].  

While specific brain sub-structures were highlighted as potentially important in 
this review in terms of neuro-cognition, no specific dose-volume thresholds were 
generated. Gondi et al[67] demonstrated a dose-response relationship between 
the hippocampus and cognition, reporting D40% of the bilateral hippocampi 
greater than 7.3 Gy to be associated with long-term neurocognitive 
impairment( in patients irradiated for benign or low-grade adult brain 
tumours).The evidence supporting a specific safe dose threshold to the majority 
of CNS sub-structures relevant for radiation induced neurocognitive toxicity is 
limited and there is need for future development of NTCP models. The ROC-oN 
study (REC reference: 22/WM/0207, IRAS project ID: 315880), a cross sectional 
study evaluating quality of life and neurocognitive impairment following 
radiotherapy in patients with oropharyngeal cancer includes an exploratory 
analysis of dose to base of brain structures on neurocognitive function and is 
relatively unique given its focus on head and neck cancer (as opposed to brain 
tumour) patients. 

 

The effect of radiation on the brain likely involves morphologic and functional 
aspects and so neuroimaging could help identify treatment-associated brain 
changes underling neurocognitive impairment following RT. Radiation-induced 
temporal lobe necrosis in NPC, which was more common prior to the routine use 
of IMRT[68], was found to be associated with impaired memory and learning, 
especially when the area of necrosis was greater than 3.5cm in maximum 
diameter[17, 39]. However ventricular dilatation, volume loss and microbleeds 
identified on MRI, have also been identified as independent predictors of impaired 
cognition[28]. More recently, functional MRI (fMRI) has been used to explore 
brain functional connectivity.  One study detected significantly altered 
connections between the left cerebellar lobule VIII and right medial frontal gyrus, 
the left cerebellar lobule VIII, and right crus I, and the right cerebellar lobule VIIb 
and right fusiform gyrus[34]. In another, reduction in functional connectivity was 
demonstrated in multiple cerebellar–cerebral regions: cerebellum, para 
hippocampus, hippocampus, fusiform gyrus, inferior frontal gyrus, inferior 
occipital gyrus, precuneus, and cingulate cortex[27]. This altered functional 
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connectivity might account for attention dysfunction, memory impairment, and 
executive deficits[27, 34]. These studies could help to explain the neurocognitive 
deficits that may be observed in patients with morphologically normal-appearing 
brains. 

 

Several studies have explored the relationship between neurocognitive 
impairment and QOL in patients with primary and secondary brain tumours[69-
72] However little work has been performed in this area in HNC patients. Although 
Lv et al[33] identified that atrophy in the hippocampus and cerebellar subfields on 
MRI correlated with decline in neurocognitive function, in one small study, 
reduction in hippocampal volume was not found to be related to lower QoL[73]. 
No correlation was found between neurocognitive decline and QoL by McDowell 
et al[26] in patients with NPC or by Sharma et al in patients with sinonasal 
cancers[49]. In contrast, Tang et al[31] and Kiang et al [42] concluded that 
impaired neurocognitive function was associated with lower QoL scores. It is 
pertinent to consider that moderate-severe neurocognitive decline might not be 
always reflected in deterioration of general QoL and even the presence of mild 
neurocognitive decline might significantly impact on QoL. The impact of 
neurocognition on QoL is influenced by timing of assessment (in relation to 
treatment) and patient expectations[74]. 

The present systematic review identified significant variation in assessment of 
neurocognition. The MoCA was the most frequently used assessment tool but 
was also used in different ways, including the use of a cut-off of 26 to indicate 
mild neurocognitive impairment or by comparing scores across groups.However 
the MoCA, is a brief cognitive screening tool which is generally not considered to 
be highly sensitive[75]. Similarly, the MMSE  screening tool used  in some studies 
is not efficacious in detecting subtle neurocognitive decline[76]. The International 
Cognition and Cancer Task Force (ICCTF) founded is focused on understanding 
cancer-therapy related neurocognitive dysfunction[77]. The ICCTF recommend 
an objective test-battery that measures several domains and that includes the 
Hopkins Verbal Learning Test-Revised (HVLT-R), Trail Making Test (TMT), and 
the Controlled Oral Word Association (COWA) of the Multilingual Aphasia 
Examination[78]. Future prospective studies should strive to assess 
neurocognition using such an objective test battery. 

This systematic review has specific limitations and heterogeneity of studies and 
methodologies precludes meta-analysis of results. Although the analysis points 
towards neurocognitive impairment as a late toxicity, since the literature is almost 
exclusively based on NPC, it is uncertain if this applies to non-NPC, although the 
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one prospective non-NOC HNC study suggests this may be the case[25] The 
cause of neurocognitive impairment is also unclear: effect of chemotherapy, 
nutritional changes as a sequel of head and neck treatment and age etc could all 
impact. The impact of chemotherapy on neurocognitive outcomes was evaluated 
in only two of the included studies with conflicting results. Tang et al[31] reported 
chemotherapy as a risk factor for neurocognitive dysfunction while Zer et al 
found[25] neurocognition to be unaffected by chemotherapy on exploratory 
analysis. The impact of chemotherapy on neurocognition in this population should 
form an area for further work. 

In addition, with regards to the impact of RT, there is uncertainty if neurocognitive 
impairment is attributable to the high dose to adjacent brain or low dose bath. 
Furthermore, older conformal RT techniques produced different dose distribution 
to IMRT, and it was not possible to ascertain the impact of each technique in this 
analysis. In addition, there is limited information on the clinical significance of 
reported results within studies. Finally, due to inclusion criteria, some studies with 
important findings could also have been excluded: studies published after the last 
search date were not included. 

Nevertheless, the present systematic review provides an extensive review of the 
literature and identifies neurocognitive impairment following HNC RT as a 
problem. Specific domains of cognition appear to be particularly impacted and 
highlights regions of interest in the brain, which could be future targets for 
radiation sparing strategies. In addition, this review demonstrates the value of 
MRI as a non-invasive tool, which can detect microstructural and functional 
changes that may be indicative of neurocognitive changes. It also identifies the 
need for appropriately sensitive neurocognitive testing to be included within 
prospective studies and the need to consider the impact of RT in non-NPC HNC 
patients. Neurocognition was assessed in most studies using the MoCA which 
might be insufficient in this cohort. Minimal work has been done in evaluating the 
contribution of minimal or moderate radiation dose to specific regions of the brain 
on long-term neurocognitive effects.  

High quality large prospective studies that use standardised, sensitive, and 
reliable neurocognitive tests in different HNC subsites are clearly needed. Also, 
a deeper understanding of radiation dose-volume effects, correlating incidence, 
and severity of neurocognitive impairment to specific volumes of normal brain 
irradiated is crucial in guiding future RT treatment planning and dose sparing 
protocols.  
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2.7 Supplementary  

Quality appraisal summary using the quality appraisal tool for case series 
studies 

Criterion Yes 

(n) 

No 

(n) 

Not 

applicable 

(n) 

Study Objective     

1. Is the hypothesis/aim/objective of the study clearly 

stated in the abstract, introduction, or methods 

section? 

20 - - 

Study Population     

2. Are the characteristics of the participants included 

in the study described? 

20 - - 

3. Were the cases collected in more than 1 Centre? - 20 - 

4. Are the eligibility criteria (inclusion and exclusion 

criteria) to entry the study explicit and appropriate? 

20 - - 

5. Were the participants recruited consecutively? - 20 - 

6. Did participants enter the study at a similar point in 

the disease? 

20 - - 

Intervention and Cointervention     

7. Was the intervention clearly described in the 

study? 

20 - - 

8. Were additional interventions (co-interventions) 

clearly reported in the study? 

20 - - 

Outcome Measures     

9. Are the outcome measures clearly defined in the 

introduction or methods section? 

20 - - 

10. Were relevant outcomes appropriately measured 

with objective/or subjective methods? 

20 - - 

11. Were outcomes measured before and after 

intervention? 

11 4 5 

Statistical Analysis    
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12. Were the statistical tests used to assess the 

relevant outcomes appropriate? 

20 - - 

Results and Conclusion     

13. Was the length of follow-up reported?  18 2 - 

14. Was the loss of follow-up reported?  11 - 9 

15. Does the study provide estimates of the random 

variability in the data analysis of relevant 

outcomes? 

18 2 - 

16. Are adverse events reported? 1 - 19 

17. Are the conclusions of the study supported by 

results? 

18 2 - 

Competing interest and source of support    

18. Are both competing interest and source of support 

for the study reported? 

15 5 - 
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 Multidimensional fatigue and its impact on work 
productivity, mood  and quality of life in long-term survivors 

following definitive intensity-modulated radiotherapy for 
oropharyngeal cancer: a  cross-sectional study 

 

3.1 Contextual background 

Cancer-related fatigue (CRF) is a prevalent and debilitating symptom that affects 
a significant proportion of cancer survivors, often persisting long after the 
completion of treatment. Understanding the long-term trajectory of fatigue in 
patients treated for oropharyngeal cancer (OPC) is crucial, as it may have 
profound implications for post-treatment care, follow-up and rehabilitation 
strategies. 

This chapter presents an analysis of long-term fatigue outcomes in patients 
treated for oropharyngeal cancer recruited into the mixed methods cross-
sectional Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition 
(ROC-oN) study.  

The aim of this chapter is to examine the prevalence and severity of fatigue during 
late survivorship in patients treated for OPC. Specifically, the objectives were to 
quantify fatigue in this patient population and identify potential predictors. 
Additionally, this chapter explores the impact of radiation dose on fatigue and 
how fatigue interacts with other aspects of patients' lives, including their ability to 
return to work, psychological well-being, and  overall quality of life. These 
interconnected outcomes highlight the broader impact of CRF, highlighting the 
need for a comprehensive approach to fatigue in cancer survivors. 

The patient reported outcome measures  used  were justified by their established 
validity and sensitivity. Furthermore, the Multidimensional Fatigue Inventory 
(MFI) provided a comprehensive measure of fatigue across multiple dimensions, 
making it ideal for capturing the complex nature of CRF. 

Included in this chapter is a published paper (Multidimensional fatigue and its 
impact on work productivity, mood  and quality of life in long-term survivors 
following definitive intensity-modulated radiotherapy for oropharyngeal 
cancer : a  cross-sectional study) that provides a detailed exploration of fatigue 
in patients treated for OPC. The work presented in this chapter provides evidence 
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for the need to enhance  patient information and  the importance of integrating  
fatigue screening into routine clinical follow up.  

 

3.2 Abstract  

Purpose 

Radiotherapy (RT) for oropharyngeal cancer (OPC) can lead to late toxicity. 
Fatigue is a known debilitating issue for many cancer survivors, yet prevalence 
and severity of long-term fatigue in patients treated for OPC is unknown.  

Method 

As part of a  mixed-methods study,  fatigue in OPC patients ≥2 years post RT +/- 
chemotherapy was evaluated. Fatigue scores (Multidimensional Fatigue 
Inventory; MFI) were compared to general population controls. Predictive 
sociodemographic/clinical factors of fatigue were investigated by multivariable 
linear regression. Associations between fatigue, health related quality of life (EQ-
5D-5L), work (Work Productivity and Activity Impairment -WPAI) , mood 
disturbance (Profile of Mood Scale -POMS) and RT dose were explored.  

Results  

In 349 patients treated for OPC with median follow up time post-RT (+/-chemo) 
of 6yrs (IQR  4-8), >20% reported severe fatigue in all domains. Scores were 
significantly worse in patients for mental (mean difference 1.2, 95% C.I 0.6-1.8, 
p=<0.001) and general fatigue (mean difference 0.8, 95% C.I 0.1-1.3, p=0.015)  
compared to controls. Age and co-morbidities were significant predictors of 
mental and general fatigue (p<0.05). Worse fatigue was associated with worse 
quality of life, greater work productivity impairment, and worse mood (r=-0.604, 
0.582 and 0.679 respectively, all p<0.05). No correlation was found between 
fatigue and RT dose to the posterior fossa.  

Conclusion  

Mental and general fatigue remain significant issues in OPC patients several 
years after RT +/- chemotherapy. Better monitoring of fatigue throughout follow-
up care, and timely interventions could help improve patient functioning. 

 

3.3 Introduction 

The treatment of oropharyngeal cancer (OPC) with (chemo-)radiotherapy may 
result in both physical and psychological late effects[1-3].Survivorship research 
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in patients treated for OPC, has focused primarily on head and neck–specific 
functional deficits such as impairments in swallowing and speech[4, 5], with need 
for further research evaluating complex multimodal issues such as fatigue. 

The National Comprehensive Cancer Network (NCCN) defines cancer related 
fatigue as “a distressing, persistent, subjective sense of physical, emotional, 
and/or cognitive tiredness or exhaustion related to cancer or cancer treatment 
that is not proportional to recent activity and interferes with usual functioning”[6]. 
Fatigue may occur during cancer diagnosis, treatment and throughout the 
survival trajectory. It is considered one of the most prevalent and debilitating 
effects of cancer treatment. Fatigue is expressed through different behavioural 
outputs: physical (decreased energy level and reduced activity), mental 
(decreased ability to concentrate or attention) and affective (decreased 
motivation or interest)[7-9]. Consequently, fatigue levels may be influenced by 
many factors including cancer-related (e.g., pain, cancer treatment, anaemia)[10, 
11] and non-cancer-related (e.g., lifestyle factors, sleep hygiene, anxiety, 
comorbidities)[11, 12] reflecting the complex and multidimensional nature of 
fatigue. Fatigue has been linked to lower health-related quality of life (HRQoL)[13-
15], reduced work performance[16] and depression[13, 17] in other cancer 
survivors.  

Confounding effects arising from the diverse combinations of treatments 
administered[18, 19], coupled with uncertainties surrounding long-term 
functioning, limit our understanding of long-term fatigue following non-surgical 
treatment for OPC. Therefore, this study aimed to evaluate fatigue as a 
multidimensional construct from two years post-RT. Furthermore, we aimed to 
explore the relationship between fatigue and other patient-centred outcomes 
(HRQoL, mood, work performance), and to explore possible predictors for fatigue 
together with associations between fatigue and posterior fossa radiotherapy 
dose. Insights gained could help identify patients at risk of long-term fatigue, 
identify key areas for intervention, and help guide development of comprehensive 
support services. 

 

3.4 Methodology 

3.4.1 Study design  

This study was part of the cross-sectional, mixed methods, multicentre ROC-oN 
(Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition) study, 
approved by the West Midlands Research Ethics Committee in October 2022 
(22/WM/0207). We assessed patient-reported outcomes (reported here), as well 
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as cognitive functioning (reported separately). A subset of participants were 
interviewed[20].  

 

3.4.2 Participants and treatment  

Patients enrolled in this study were treated for OPC with primary RT (+/-
chemotherapy) at Leeds Teaching Hospitals NHS Trust (LTHT) or The Christie 
NHS Foundation Trust (The Christie) between 2010-2020. In these centres, prior 
to 2013 patients were treated with 3-dimensional conformal radiation therapy 
(3DCRT). Thereafter intensity modulated radiation therapy (IMRT), and 
volumetric modulated arc therapy (VMAT) were used, with 5 fractions delivered 
per week with a dose per fraction of 2-2.17Gy, with or without concurrent 
chemotherapy. Participant eligibility criteria were: >18yrs old, ≥24 months follow-
up and disease free at time of recruitment. Exclusion criteria were upfront or 
salvage surgery. Participants provided written informed consent.  

 

3.4.3 Outcome measures  

Clinical data were extracted from medical records.  

The brainstem and anterior and posterior cerebellum were evaluated as 
substructures of interest in patients treated in Leeds (n=144). The rationale and 
process for this selection and delineation methods are described in 
supplementary section 1. Dose distributions were converted to equivalent doses 
in 2 Gy fractions assuming an α/β of 3Gy[21] and for each substructure the 
following dosimetric information was recorded: near-maximum dose (D1cc), 
mean dose (Dmean), and values for V10-V30 (in 5Gy increments with 95% CI). 
To mitigate potential multicollinearity among CNS-ROIs, an additional composite 
structure termed the "posterior fossa" (comprising the brainstem, anterior, and 
posterior cerebellum) was created and the same dosimetric information exported.  

 

Patient outcomes  

Patients completed self-administered questionnaires at a single time point. 
Patients provided information regarding sociodemographic details including age, 
sex, ethnicity, level of education, household income, marital status, employment 
status, comorbidities, and smoking history. 
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Fatigue was assessed using the Multidimensional Fatigue Inventory (MFI)[22-
24]. The MFI is a 20-item measure  yields five 4-item domain scores (score range 
4-20 with higher scores indicating worse fatigue), with good internal consistency 
in our cohort[25]: general fatigue (Cronbach’s ɑ=0.79, n=340),physical fatigue 
(ɑ=0.84), reduced activity (ɑ=0.82), mental fatigue (ɑ=0.81) and reduced 
motivation (ɑ=0.69). A control group of individuals from the general UK population 
without a cancer diagnosis were used (data collected as part separate 
investigation to collect UK normative scores for the cognitive tests used in the 
parent study, not yet published), matched to our patient cohort for age and gender 
(n=380).  

HRQoL was evaluated using the EQ-5D-5L and visual analogue scale (EQ-
VAS).The descriptive system assesses  if there are no problems(score=1), some 
problems (score=2-4), or extreme problems (score=5]) across 5 domains: 
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression[26, 
27]. The  EQ VAS rates health on a vertical scale from 0 [“the worst health you 
can imagine”] to 100 [“the best health you can imagine”][28-30] 

Mood was measured with the Profile of Mood States short form (POMS-SF). The 
POMS-SF comprises 37 items (5-point Likert scale) making up 6 subscales[31]: 
tension, depression, anger, fatigue, confusion (higher scores are worse), and 
vigour (higher scores are better). The total mood disturbance (TMD) score is 
calculated, with higher scores indicating worse mood[32, 33]. 

Work Productivity was assessed using the Work Productivity and Activity 
Impairment (WPAI),which provides a measure of total work productivity 
impairment (TWPI) and total activity impairment (TAI) in the past 7 days. TWPI 
accounts for absenteeism (away from work due to sickness or disability) and 
presenteeism (productivity loss even though at work due to underperformance as 
a result of sickness or medical conditions), while TAI measures limitations in 
carrying out unpaid activity due to health problems[34, 35]. Results are expressed 
as impairment percentages; higher values indicate  less productivity, i.e. worse 
outcomes. 

 

3.4.4 Data analysis  

Descriptive analysis was performed for sociodemographic and clinical data. 
Questionnaire data were handled as per scoring manuals.  To meet the first study 
aim (to evaluate fatigue as a multidimensional construct in patients with OPC 
treated with radiotherapy), MFI domain scores were calculated and severity 
determined as follows: mild (5-8), moderate (9-12), and severe(13-20)[36] to 
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enhance clinical utility of findings. A total score can be calculated (T-MFI, score 
range 20-100).Using the cancer-free controls from the general UK population 
matched for age and gender, t-tests were performed to compare mean scores. 
We hypothesized that fatigue would be worse in OPC survivors than in controls.  

The second aim of this study was to explore the relationship between fatigue and 
other patient-centred outcomes as an indicator of the impact on everyday life. 
Spearman correlations were used to assess associations between the MFI 
domain scores and HRQoL (EQVAS), mood (POMS total score), and work 
performance (TWPI, TAI). Correlation coefficients between 0.8-0.9/-0.8 to -0.9 
were classed as strong, 0.6-0.7/-0.6 to -0.7 as moderate, 0.3-0.5/-0.3 to -0.5 as 
fair and <0.3/-0.3 as weak[37]. To process EQ-5D-5L data, the patient cohort was 
divided into 2 groups based on the descriptive system: a state of perfect health 
“no health problems” (11111 on all EQ-5D) and “health problems” (any health 
profile other than 11111)[38], with a one-way ANOVA performed to assess 
differences in fatigue outcomes. We hypothesized that worse fatigue would be 
associated with worse HRQoL, mood, and work performance outcomes.  

A third aim of the study was to identify potential predictors for fatigue in patients 
treated for OPC. We selected the MFI scale scores found to be significantly 
different from controls only. Associations between MFI scale scores and clinical 
factors (smoking, age, sex, ECOG performance status, number of co-morbidities, 
employment) disease (HPV, tumour subsite, TNM 7 stage) and treatment-related 
independent variables (radiation dose-fractionation, chemotherapy, time from 
end of treatment) were initially explored on univariate regression analysis. Here, 
no specific hypotheses were set as these analyses were explorative. Those 
variables associated with fatigue at  p-value ≤ 0.1 were carried forward to 
multivariable linear regression. Multicollinearity between the variables was 
evaluated, and variables excluded if the variance inflation factor (VIF) was ≥10. 
Backward elimination was performed on multivariable analysis. Coefficients and 
95% confidence intervals were reported.  

A fourth aim was to evaluate potential relationships between fatigue and the dose 
received by the posterior fossa structures. This dosimetric information was 
available only from patients recruited at LTHT (n=144). Spearman correlation 
between  fatigue domains (in which significant differences from normative scores 
noted) and dose (Dmax, Dmean, and low dose bath) to  CNS-ROIs evaluated. 
We hypothesized that worse fatigue would be associated with higher dose RT to 
the base of the brain 

Missing data were below 10% for each variable (4% for MFI, EQ-D5-5L,WPAI 
and 9% of POM-SF), except RT dosimetry which were not available for the 
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Christie participants (57%) and were not confirmed missing completely at random 
(MCAR) and therefore were not imputed. Statistical significance was set 
at p < 0.05 for all tests, except for the univariate regression analyses described 
above. In line with the exploratory nature of the study and its specific aims, no 
corrections for multiple testing were applied in building the regression models. 
Data were analysed in STATA 18.0.    

 

3.5 Results  

Participants 

An invitation to participate was sent out to 855 patients previously treated for 
OPC, 349 were enrolled; of whom 151 and 198 were treated at LTHT and The 
Christie, respectively. Sociodemographic and clinical characteristics are 
summarised in table 3.1. The median time post-RT was 6 years (IQR 4-8 years). 
Annual household income was below the UK national average for 48.4%[37], 
60% were married and 69% co-habited with family.  

 

Table 3-1 Participant, disease, and treatment characteristics 

Characteristics  Patients treated for 
OPC(n=349) 

Control 
Group 
(n=380) 

Age    

Age at diagnosis median (IQR)  58.6 (52-64) yrs  

Age at study recruitment median 

(IQR)  

64   (59-70) yrs 63 (54-70) yrs 

Age categories    

40-49 12    (3.4%) 51 (13.4%) 

50-59 82   (23.5%) 84 (22.1%) 

60-69 147 (42.1%) 146 (38.5 %) 

≥ 70 108  (31%) 99 (26%) 

Sex   

Male 256 (73.4%) 228 (60.0%) 

Female  93   (26.6%) 151 (40.0%) 
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Level of education    

No formal educational  58 (16.9%) 3 (0.8%) 

No University degree 217 (63.3%) 217(57.1%) 

University degree or higher  50 (14.5%) 160 (42.1%) 

Unknown 17 (4.9%) 0 (0.0%) 

Current Employment status    

Employed 146 (41.8%)  

Unable to work due to 

illness/disability 

19 (5.4%)  

Unemployed  8 (2.2%)   

Retired  167(47.8%)  

Unknown 9 (2.5%)  

Pretreatment ECOG Performance 

status  

  

0 300 (86.0%)  

1 45 (12.9%)  

2 4 (1.1%)  

Number of co-morbidities    

None  115 (32.9%)  

1 122 (34.9%)  

2 62 (17.7%)  

3/>3 44 (14.3%)  

Unknown  6    (1.7%)  

Smoking at time of treatment     

Current smoker 65 (18.6%)  

Ex-smoker 114 (32.6%)  

Never smoked  165 (47.2%)  

Unknown 5   (1.4%)  

Tumour subsite   
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Tonsil 217 (62.2%)  

Base of tongue 116 (33.2%)  

Vallecula 2   (0.6%)  

Posterior pharyngeal wall 6   (1.7%)  

Soft palate 8   (2.3%)  

T-stage  TNM7   

T1 65 (18.6%)  

T2 166 (47.5%)  

T3 63 (18.0%)  

T4 55 (15.7%)  

N-stage TNM7   

N0 55 (15.8%)  

N1 44 (12.6%)  

N2 208 (59.6%)  

N3 42 (12%)  

P16 status    

Positive  286 (81.9%)  

Negative  26   (7.4%)  

Unknown  37   (10.6%)  

Fractionation    

70Gy/35# 142 (40.6%)  

65-66/30# 204 (58.4%)  

50Gy/20# 3   (0.8%)  

Concurrent Chemotherapy 279 (79.9%)  

Radiotherapy alone 70 (20.1%)  

Tumour stage (T-stage), Nodal stage (N-stage), Human papilloma status (P16), Eastern 
Cooperative Oncology Group (ECOG) performance status 
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Fatigue as a multidimensional construct 

On the T-MFI , 31% reported severe fatigue (MFI >60.5); 32% moderate (MFI 
43.5-60.5) and 37% mild (MFI <43.5). Severe fatigue was reported by over 20% 
of patients treated for OPC in every domain with severe fatigue predominantly 
reported in General fatigue (41.3%) (figure 3.1A,table 3.2). Mean scores for 
fatigue domains ranged from 9.39 (SD 4.29) to 11.62 (4.89) (figure 3.1B, table 
3.2). Statistical differences in mean score between patients treated for OPC and 
matched controls were observed in the domains of Mental fatigue (mean 
difference 1.2, 95% C.I 0.6-1.8, p=<0.001) and General fatigue (mean difference 
0.8, 95% C.I 0.1-1.3, p=0.015), indicating heightened levels of fatigue in these 
domains among patients treated for OPC (figure 3.1C).   
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(B) 

 

 

 

MF and  GF domains, p=<0.05 

(C) 

Figure 3-1A) Prevalence of fatigue across fatigue domains in patients 
treated for OPC (n=349)  B)Prevalence of fatigue across fatigue domains 
in  control group  (n=380)  C) Mean Scores in Fatigue domains in people 
treated with OPC (n=349) & control group (n=380) 
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Fatigue and HRQoL, mood, and work productivity 

Statistically significant negative correlations of fair to moderate strength were 
observed between fatigue domain scores and EQ-VAS scores, indicating that 
HRQOL declines with higher reports of fatigue (table 3.3). A moderate positive 
correlation demonstrated that worse mood (total POMS score) was associated 
with fatigue (table 3.3).  

In our sample, 146 (41.8%) patients treated for OPC were employed at the point 
of assessment. Within the subset of actively employed individuals, 142 were ≤65 
years old. Overall, 70% of those below retirement age in the total sample (n=349) 
were working. Presenteeism was reported in 42.5% and absenteeism reported 
13.6%. Among all patients treated for OPC, >50% reported some level of 
impairment in TAI (total activity impairment), with 27.9% of patients reporting 
activity levels impaired by ≥50%. Statistically significant positive correlations of 
fair to moderate strength were found between fatigue domain scores and TWPI 
as well as TAI, suggesting greater impairment in both paid and unpaid work with 
increasing fatigue severity (see Table 3.3).  

 

Table 3-2  Patient reported outcomes  

Patient Outcomes  

 

N(%) Mean (SD)  

MFI  

General fatigue  

Physical fatigue  

Reduced activity  

Mental fatigue  

Reduced motivation  

 

 

 

 

11.12 (4.89) 

10.43 (5.10) 

9.18 (4.65) 

9.46 (4.72) 

8.99 (4.29) 

 

EQ-5D and EQVAS 

 

EQ-5D  

Perfect health  

Other Health  

 

 

 

95(27.2%) 

254(72.85) 

 

 

EQVAS 

88.02(8.26) 

69.83(19.36) 
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 Perfect health in presence of mental 
fatigue  

- Mild fatigue  

- Moderate fatigue  

- Severe fatigue  

 

Perfect health in presence of general 
fatigue  

- Mild  fatigue  

- Moderate fatigue  

- Severe fatigue  

 

 

59 (62.11%) 

23 (24.21%) 

13 (13.68%) 

 

 

 

46 (48.42%) 

34 (35.79%) 

15 (15.79% 

 

 

83.00  
(15.85) 

71.59  
(18.14) 

67.10   
(19.19) 

 

 

 

87.84 
(10.24) 

76.84 
(17.07) 

65.66 
(19.16) 

 

POM-SF 

Fatigue-Inertia 

Depression-Dejection 

Anger-Hostility 

Tension-Anxiety 

Confusion-Bewilderment 

Vigor-Activity 

 

Total mood disturbance 

  

6.17 (5.81) 

4.17 (6.38) 

3.20 (5.03) 

4.55 (5.59) 

3.45 (4.36) 

9.74 (6.24) 

 

11.81 
(25.67) 

WPAI  

Participants working   

 

 

146  
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Percent work time missed due to ill 
health  (those with missed time >0) 

Percent impairment while working due to 
health (those with % impairment while 
working >0) 

Overall percent work impairment  (TWPI) 
(mean % ) 

 

All participants  

Percent activity impairment due to health 
(TAI) (those with % activity impairment 
>0) 

 

Overall percent activity impairment (TAI)  
(mean % ) 

20 (13.6%) 

62 (42.5%) 

 

- 

 

 

 

 

210 (62.5%) 

 

 

- 

 

 

 

19.69% 

 

 

 

 

 

 

 

27.14% 

Multidimensional Fatigue Inventory (MFI), EQ-Visual Analogue Scale (EQ-VAS), 
Profile Of Mood short form (POM-SF) , Work Productivity and Activity Impairment 
(WPAI), Total Work Productivity Impairment (TWPI), Total Activity Impairment 
(TAI). 

 

Table 3-3  Correlation coefficients between fatigue and outcomes  (*all p 
<0.001) 

 Genera
l 
Fatigue  

r  

Physica
l 
Fatigue        

r  

Reduce
d  

Activity  

r  

Mental 
Fatigu
e  

r  

Reduced 
Motivatio
n  

r  

 

EQ VAS -0.604 

 

-0.672 

 

-0.578 

 

-0.443 -0.514 

Total 

Activity 

Impairment 

(TAI) 

 

0.606 

 

 

0.686 

  

 

0.573 

 

0.468  

 

0.529 
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Total Work 

Productivity 

Impairment 

(TWPI) 

 

0.582 

 

 

0.572 

 

0.377 

 

0.436 

 

0.409 

Total Mood 

Disturbanc

e  

(TMD) 

 

0.679 

 

 

0.602 

 

0.532 

 

0.609 

 

 

0.595 

 

Fatigue and potential clinical predictors 

Mental fatigue was associated with age at treatment , sex, smoking, number of 
co-morbidities and employment status on univariate regression analysis. In the 
multivariate analysis, age at treatment and the number of comorbidities were 
identified as key indicators. For each additional year of age at treatment, mental 
fatigue score decreased by 0.1 (coefficient -0.1, 95% CI -0.2 to -0.05, p < 0.001), 
while each additional comorbidity was associated with a 0.6 increase in the 
mental fatigue score (coefficient 0.6, 95% CI 0.2 to 1.3, p = 0.002) (supplementary 
section 2). 

In univariate analysis  general fatigue was associated with age at treatment, 
number of co-morbidities and employment. Similar to mental fatigue, multivariate 
analysis revealed  age at treatment and comorbidities as important predictors of 
general fatigue. Age at treatment showed a negative association (coefficient -0.1, 
95% CI -0.2 to -0.05, p < 0.001) and additional comorbidities  increased general 
fatigue score  by 1.1 (coefficient 1.1, 95% CI 0.7 to 1.8, p < 0.001) (supplementary 
section 2).  

Time since radiotherapy was not observed to have any statistically significant 
impact on  Mental fatigue (coefficient -0.1, 95% CI -0.3 to 0.1, p =0.37) or General 
fatigue (coefficient  -0.1, 95% CI -0.3 to 0.1, p =0.33) scores. 

 

Fatigue and CNS substructure of interest radiotherapy doses 

No significant correlations were found between  dose to CNS-ROIs and long-term 
mental or general fatigue (r < 0.3, p > 0.05 for all). Dose received by the posterior 
fossa substructures presented in supplementary(section 3). 
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3.6 Discussion  

Almost all cancer patients experience fatigue during active treatment; however, 
fatigue may persist into longer term survivorship. In our large sample of patients 
who were treated for OPC on average 6 years previously, >20% experienced 
severe fatigue beyond two years post-radiotherapy (+/-chemotherapy) in all 
domains. On a group level, significant differences were observed between 
patients treated for OPC, and a matched controls from the general population for 
mental and general fatigue domains. An increasing burden of fatigue was linked 
to diminished HRQoL and mood disturbance. As fatigue levels increased, work 
productivity declined. Although there is no established “minimally important 
difference” for MFI scores,  our findings were backed up by the qualitative report 
from the same parent study. In in-depth interviews with 21 patients treated for 
OPC, the emotional and mental aspects of fatigue were similarly described as 
affected, leading to “a new normal” characterised by impaired work capacity, poor 
engagement with leisure activities, low mood and in some cases social 
isolation[39].  

 In a cross-sectional study, (n=47) a negative correlation was found between 
HRQoL and fatigue perception one year after diagnosis of  head and neck cancer 
(HNC)[40]. Huynh et al[41] in a larger cross-sectional study(n=227) of a 
heterogenous group of survivors of HNC also found similar results several years 
following treatment (median follow up time of 8.5years)[41]. Our finding was 
consistent with this. The EORTC Core Quality of Life questionnaire (EORTC 
QLQ-C30) was developed to assess QoL in cancer patients and is used by most 
studies. However, we were able to demonstrate the inverse relationship between  
HRQoL and fatigue using the EQ-5D-5L. This could be due to a correlation 
between  similar domains of the EORTC QLQ-C30 and EQ-5D-5L[42]. 

In a prospective study in patients receiving RT for HNC, fatigue was associated 
with depression during and immediately after RT[43]. It is recognised that five 
years after diagnosis, patients with HNC face a significantly elevated risk of 
developing depression[18]. In our sample, the increasing burden of general and 
mental fatigue were associated with greater mood disturbance. Although fatigue 
is part of the Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria 
for major depressive disorder, some perceive fatigue and depression to represent 
separate symptoms among cancer survivors, exhibiting a nuanced overlap[15].  

As fatigue levels increased among OPC patients in our sample, a decrease in 
work productivity was noted. Despite 70% of study participants within the 
working-age group being employed, presenteeism, characterised by 
underperformance at work, was identified as the primary cause of reduced 
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productivity. Whilst difficulty returning to work is a known issue for HNC 
survivors[44-48], our findings highlight that also those able to return to work face 
challenges. Indeed, our qualitative report confirmed that even years after 
treatment, many individuals are only able to work reduced hours or need to 
change employment post-treatment[39]. This underscores the long-lasting impact 
of cancer on work ability, which has known implications for HRQoL, financial 
stability, self-identity, and a sense of normalcy[49, 50]. 

Notably, age at treatment initiation and a higher number of comorbidities were 
factors independently associated with mental and general fatigue severity. The 
association between age at treatment and cancer-related fatigue lacks 
consensus[12, 14, 51, 52]. However, OPC and its treatment at a younger age  
may result in a greater perception of fatigue due to  accelerated depletion of 
physiological and biological reserves[53], leading to premature aging[54].The 
presence of two or more comorbidities has been identified as a significant 
predictor of post treatment HRQoL in patients with HNC[19, 55, 56], which was 
supported by our study. Interestingly, whilst some evidence exists for acute 
fatigue following RT to the brainstem, anterior and posterior cerebellum[57-59], 
we were unable to confirm a link between RT dose to the base of the brain and 
long-term fatigue outcomes. In part, this discrepancy in findings may results from 
differences in RT dose, with a higher mean RT dose delivered to the posterior 
fossa in the PARSPORT trial (23–25Gy in the IMRT-treated group vs 5Gy in our 
cohort)[53]. Notably, our finding aligns with the only other study to investigate 
dose relationship with long-term fatigue in a heterogeneous cohort of HNC 
survivors[60]. Fatigue is a complex and multidimensional construct and can be 
influenced by multiple cancer and non-cancer related factors, not all of which we 
were able to capture in the present study (e.g., lifestyle factors, sleep hygiene). 
The differences observed between OPC survivors and controls from the general 
population who have never had a cancer diagnosis would suggest some impact 
of the diagnosis itself, perhaps irrespective of treatment.   

Our study holds strengths in that it evaluates fatigue as a multidimensional 
construct in a large sample of OPC survivors several years after non-surgical 
treatment. The cross-sectional nature of the study is a limitation as it does not 
allow for evaluation of changes in fatigue over time. Whilst we compared fatigue 
levels between OPC survivors and a group of matched controls without a cancer 
diagnosis, it is unclear whether the statistically significant differences found reach 
a clinically significant level. However, the qualitative arm of this study strongly 
suggests it is[39]. Due to overlap in definitions and/or diagnostic criteria, HRQoL 
and depression outcome measures often include fatigue symptoms, which makes 
finding associations with fatigue more likely – whilst we used EQ-5D-5L which 
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does not include fatigue symptoms, the POMS-SF does cover fatigue. There is 
the potential for selection bias as approximately 41% of invited patients took part 
in the study(might reflect  challenge of recruiting participants who are five or more 
years post treatment), and the sample includes predominantly patients with HPV-
positive driven disease, limiting the generalisability of findings to survivors of 
HPV-negative OPC. Finally, outcomes such as sleep quality, fear of cancer 
recurrence, anxiety, and social functioning[10, 61, 62] which may also influence 
fatigue, were not evaluated  and should be considered in future investigations. 

In conclusion, this study demonstrates the substantial burden of fatigue in 
patients on average 6 years after non-surgical OPC treatment, with associations 
to other patient-centred outcomes including HRQoL, mood, and work productivity 
indicative of great impact on the daily lives of patients. Existing comorbidities and  
identified correlates are hypothesis generating for potential determinants of 
chronic fatigue in patients treated for OPC. Future work will include validating 
these findings in an independent external cohort, to assess their generalisability 
and robustness. Finally, exercise has been found effective in reducing cancer-
related fatigue, leading to its incorporation into management 
guidelines[63].However HRQoL in patients treated for OPC might also be 
improved through interventions aimed at alleviating mental fatigue such as 
mindfulness, stress reduction programmes, focusing on one task at a time with 
short work periods, prioritizing tasks, planning daily activities and avoiding over-
exertion[64]. 

To improve patient wellbeing into longer term survivorship, we highlight the need 
to establish better follow up care. This may include improved patient information, 
incorporating fatigue screening into routine practice, with closer monitoring in 
high-risk patients; and establishing effective (self-management) interventions to 
prevent or alleviate fatigue. Effective management of fatigue may substantially 
improve patient functioning and limit the adverse effects of an OPC diagnosis and 
its treatment on patients' lives. 

 

3.7 Supplementary  

Dose work 

Radiation  dose to the central nervous system (CNS) has been postulated as a 
potential contributor to treatment-related fatigue,  in head and neck cancer (HNC) 
patients following radiotherapy[57, 59, 65]. Hence association between radiation 
dose to CNS structure and long-term fatigue was evaluated. Dosimetric study 
was conducted as below  
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a) Phase I: An atlas of  HNC CNS regions of interest (CNS-ROIs) was 
developed (ZIE,LM,SC) integrating brain sub-structures identified from 
existing literature and the European Particle Therapy Network (EPTN) 
atlas. CNS-ROIs included in the atlas were amygdala-hippocampus 
(contoured as one structure), brainstem, cerebellum (anterior & 
posterior contoured separately), temporal lobes (right and left 
contoured separately) and thalamus. RT treatment plans for 
participants treated in Leeds (n=144) were retrieved from the original 
RT planning system (Monaco, Elekta AB, Sweden) and restored in 
RayStation (V11A  RaySearch Laboratories AB, Sweden), with 
diagnostic MRI co-registration where possible. The above CNS-ROIs 
were retrospectively manually delineated by a clinical oncologist (ZIE) 
in 40 cases and contours were quality assured by an experienced 
neuro-radiologist (SC). Dose distributions were examined across all 
structures and, to limit multiple hypothesis testing, only those 
structures considered to have received a meaningful radiotherapy dose 
(brainstem and anterior and posterior cerebellum) were included for 
further dosimetric analysis.  

 

b) Phase II: The brainstem and anterior and posterior cerebellum were 
contoured on datasets for the remaining 104 participants from Leeds, 
again with MRI co-registration where possible. For each of these sub-
structures, the following dosimetric information was recorded: near-
maximum absorbed dose (D1cc), mean absorbed dose (Dmean), and 
values of V10-V30 (in 5Gy increments with 95% CI). To mitigate 
potential multicollinearity among CNS-ROIs, an additional composite 
structure termed the "posterior fossa" (comprising the brainstem, 
anterior, and posterior cerebellum) was created and the same 
dosimetric information exported. 

 

 Multivariate Regression Analysis Results  

Examining relationship between Mental Fatigue and independent variables (only 
statistically significant results presented) 
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a) Mental fatigue  

Variable  

 

Coefficient Std Error t p value  95% CI 

Age 

 

-0.10 0.02 -3.77 <0.001 -0.16  -  -
0.05 

Number of 
comorbidities 

0.69 0.22 3.13 0.002 0.26  -  1.13 

(Adjusted R2 = 0.05, F (2, 330) = 10.2, p= <0.001) 

 

b) General fatigue 

Variable  

 

Coefficient Std Error t p value  95% CI 

Age 

 

-0.10 0.02 -3.82 <0.001 -0.15  -  -
0.05 

Number of 
comorbidities 

1.15 0.21 5.31 <0.001 0.72  -  1.57 

(Adjusted R2 = 0.10, F (2, 339) = 18.4, p= <0.001) 

 

Dose data to CNS-ROIs  

 Brainstem 

(mean, SD) 

Anterior 
Cerebellum 

(mean, SD) 

Posterior 
Cerebellum 

(mean, SD) 

Posterior 
Fossa 

(mean, SD) 

Dose to 
1cc (Gy) 

25.39 (7.38) 3.68 (3.63) 29.77 (8.67) 30.38 (7.9) 

Mean dose  
(Gy) 

2.05 (1.52) 1.5 (1.04) 7.15 (4.45) 5.1 (3.6) 

V10 (cm3) 6.01 (2.79) 0.2 (0.66) 41.13 (24.21) 43.25 (24.7) 

V15(cm3) 4.58 (2.46) <0.1 23.25 (19.75) 24.8 (19.5) 

V20(cm3) 3.02 (2.22) <0.1 12.50 (14.31) 13.6 (14.5) 

V25(cm3) 1.72 (1.67) <0.01 6.12 (8.88) 6.7 (8.9) 
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V30(cm3) 0.77 (0.95) <0.001 2.69 (4.92) 2.8 (4.7) 
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 Neurocognitive concerns and neurocognitive 
impairment in long-term survivors of oropharyngeal cancer 

post (chemo)radiotherapy 

 

4.1 Contextual background 

Neurocognitive changes are a recognised but frequently overlooked 
consequence of cancer treatment. These can have a profound impact on  quality 
of life. This late effect, however, is poorly understood and frequently unaddressed 
during routine care. The current evidence regarding neurocognitive outcomes, 
specific to oropharyngeal cancer (OPC) survivors, is limited. 

This chapter presents an analysis of neurocognitive outcomes in patients treated 
for oropharyngeal cancer recruited into the mixed methods cross-sectional 
Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition (ROC-
oN) study.  

The aim of this chapter is to examine the prevalence of neurocognitive concerns 
(NCC) and impairments in neurocognitive function (NCF) during late survivorship 
in patients treated for OPC. Specifically, the objectives were to quantify 
neurocognitive issues in this patient population and identify potential predictors. 
Additionally, this chapter explores the impact of incidental radiation dose to the 
posterior fossa  with intensity modulated radiotherapy (IMRT) on NCC and NCF. 

Neurocognition was  measured subjectively using a validated patient reported 
outcome (PRO) and objectively  with an online cognitive battery (Amsterdam 
Cognition Scan (ACS)) to allow a comprehensive evaluation of neurocognitive 
health.  

Included in this chapter is a paper currently under review (Neurocognitive 
concerns and neurocognitive impairment in long-term survivors of 
oropharyngeal cancer post [chemo] radiotherapy) which provides a detailed 
exploration of neurocognitive outcomes in patients treated for OPC. The work 
presented provides evidence that neurocognitive problems are prevalent among 
long-term survivors of oropharyngeal cancer (OPC). Furthermore, it highlights the 
need for improved patient education regarding potential cognitive outcomes 
following treatment, as well as the establishment of support services to address 
these challenges effectively. 
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4.2 Abstract  

Background  

Little is known about neurocognitive concerns (NCC) and neurocognitive function 
(NCF) in survivors of oropharyngeal cancer (OPC) following 
(chemo)radiotherapy.  

Methods 

A multicentre cross-sectional study was conducted in non-surgically treated OPC.  
Using the Medical Outcomes Study Cognitive Functioning Scale (MOS-Cog), 
NCC were classed as having concerns at least some of the time (MOS-Cog score 
of ≤60 across all items). Patients were also invited to complete an online cognitive 
test battery (Amsterdam Cognition Scan; ACS) to assess NCF. Using norm 
scores from 708 individuals from the UK general population, significant NCF 
impairment was defined as Z score ≤-2 in one domain or ≤-1.5 in at least two 
domains. Regression analysis performed to identify factors associated with 
NCC/NCF. 

Results  

338 patients treated for OPC, with median age at treatment of 58.6 years and 
median follow up of 6 years (IQR 4-8) post-treatment were recruited. NCC were 
present in 14.8% of patients. Amongst 93 patients who completed the ACS, 33% 
demonstrated significant impairment in NCF. Memory and attention were the 
most affected domains in NCC and NCF. On multivariable regression analysis, 
mental fatigue, mood, general fatigue and physical fatigue significantly predicted 
NCC. Multivariate analysis revealed a small but statistically significant negative 
association between mood and NCF. No statistically significant correlations were 
found between NCC/NCF impairment and radiation dose received by the 
posterior fossa. 

Conclusion  

NCC and NCF impairment affects a substantial proportion of long-term survivors 
of OPC. Assessment of NCC and NCF is essential for a comprehensive 
understanding of cognitive health in this population.  
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4.3 Introduction  

Late toxicity is a major concern for survivors of head and neck cancer (HNC)[1]. 
Neurocognitive issues have been identified as a key rehabilitation need for HNC 
survivors[2]. Yet neurocognitive toxicity is not currently included in UK HNC 
consent guidance due to uncertainties around frequency and severity of 
issues[3]. A systematic review from our group exploring the neurocognitive 
outcomes of HNC following (chemo)radiotherapy ((C)RT) suggested inferior 
neurocognitive outcomes compared with controls, although the vast majority of 
studies focussed on nasopharyngeal cancers (NPC) for which substantial 
radiotherapy doses are delivered to the skull base/adjacent central nervous 
system (CNS) structures[4]. However, studies to date are lacking information on 
neurocognitive outcomes specific to oropharyngeal cancer (OPC) survivors, who 
have a favourable prognosis and are often treated with curative intent.  

Neurocognitive function (NCF) is a performance outcome, assessed by means of 
neuropsychological tests[5]. Self-reported neurocognitive concerns (NCC), by 
contrast, are assessed by means of questionnaires and reflect whether a person 
considers that they experience cognitive issues in everyday life[6,7]. NCC and 
NCF are multidimensional constructs, which are interconnected but do not fully 
overlap[8-10]. Both reflect the impact of late toxicity on patients’ wellbeing, either 
from a subjective point of view (NCC) or by test performance (NCF). The impact 
of radiation dose on cranial structures has been extensively studied in the context 
of brain tumours[11-13], yet there has been considerably less research in HNC, 
where some radiotherapy dose is also delivered to the brain[14].  

Therefore, this study aimed to evaluate the prevalence of NCC and NCF 
impairment in patients treated for OPC from two years post-radiotherapy. 
Furthermore, we aimed to explore the relationship between NCC /NCF and 
patient and treatment factors, including associations with radiotherapy dose to 
the posterior fossa. The findings of this study could inform follow up care and 
identify survivor support needs, potentially improving patient quality of life (QoL). 

 

4.4 Methods  

4.4.1 Study design  

This study is part of a multicentre mixed-methods research project (ROC-oN: 
Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition), 
approved by the West Midlands Research Ethics Committee in October 2022 
(22/WM/0207). This report focuses on neurocognitive outcomes, adopting a 
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cross-sectional design using quantitative data and comparing patients to 
matched normative control data. Previous publications have addressed ROC-oN 
fatigue outcomes[15] and interview findings[16].  

 

4.4.2 Patients and procedures  

OPC survivors treated between 2010 and 2020 were recruited from two major 
hospitals in England: the Leeds Teaching Hospitals NHS Trust (LTHT) and The 
Christie NHS Foundation Trust (The Christie). Patient eligibility criteria were: 
≥18years old at time of treatment, having undergone radiotherapy +/- 
chemotherapy with curative intent; ≥24 months follow-up and disease free at time 
of recruitment. Patients were ineligible if they received upfront or salvage surgery. 

In LTHT, the standard dose for definitive radiotherapy was 70Gray (Gy) in 35 
fractions or 65Gy in 30 fractions. The Christie used 66Gy in 30 fractions. 
Treatment transitioned from 3-dimensional planning (3DP) to intensity modulated 
therapy (IMRT) in 2011 and then volumetric modulated arc therapy (VMAT) as 
treatment techniques evolved. Concurrent chemotherapy was cisplatin (100 
mg/m², three-weekly) or carboplatin (AUC5) for those with renal impairment[17].  

Potential patients were identified and screened from institutional databases. They 
received a postal invitation to complete  questionnaires and an online cognitive 
test battery, at a single time point.  Written consent was obtained.  

 

4.4.3 Outcomes  

Sociodemographic and clinical information. A structured questionnaire was used 
to collect sociodemographic data. Medical information was extracted from 
electronic clinical records. 

 

Patient-reported outcomes 

NCC were assessed with the Medical Outcomes Study Cognitive Functioning 
Scale (MOS-Cog), a six-item questionnaire with good internal consistency[18]. 
Responses on the six-point MOS-Cog scale ranged from 'all of the time' (1) to 
'none of the time'(6)[19], converted to a 0–100 scale and averaged for a total 
score (range: 0–100)[20] Lower scores indicated greater concerns.  

Fatigue was assessed with the Multidimensional Fatigue Inventory (MFI)[21], a 
validated 20-item tool. Scored on a 5-point Likert scale, it produces five domain 
scores (score range 4-20): general fatigue, physical fatigue, reduced activity, 
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mental fatigue and reduced motivation. Higher scores indicate a greater burden 
of fatigue. 

Mood was measured with the Profile of Mood States Short Form (POMS-SF)[22], 
a validated 37-items questionnaire with items rated on a 5-point Likert scale. It 
has six subscales: anxiety, depression, anger, fatigue, confusion, and vigour. The 
total Mood Disturbance (TMD) score is calculated by adding all anxiety, 
depression, fatigue and confusion scores and subtracting vigour scores.  

 

Cognitive testing 

NCF was evaluated with the UK English version of a comprehensive, online 
unsupervised neuropsychological test battery: the Amsterdam Cognition Scan 
(ACS). Table 4.1 shows specific tests and domains assessed[23].  

In a separate study, approved by the University of Leeds Faculty of Medicine and 
Health Research Ethics Committee (MREC 20-047), we gathered UK normative 
data for the ACS from a cancer-free norm group. These normative data were 
obtained from a sample of 708 adults who completed the British ACS and had no 
history of a cancer diagnosis. The norms, demographically adjusted for age, sex, 
educational level, and computer use, were established using regression-based 
norming following the exact same procedures as for the Dutch ACS norms[24]. 
Supplementary section 1 highlights the normative study procedure, eligibility 
criteria, characteristics of the normative sample, and methods for establishing the 
norms.  

 

Table 4-1 Summary of the Amsterdam Cognition Scan, relating the test to 
the outcome measure and to the neurocognitive domain assessed 

ACS test Outcome measure Neurocognitive Domain 
Assessed 

Connect the 
dots I and II 

 

Completion time in seconds 
(I and II) 

Processing speed 

Attention and working 
memory 

Wordlist 
Learning 

 

Total number of correct 
words (trial 1 to 5) 

Learning and memory 

Reaction speed Mean reaction time in 
seconds 

Processing speed 
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Place the beads Total number of extra 
moves 

Executive functioning 

 

Box tapping Total number of correctly 
repeated sequences 

Attention and working 
memory 

Fill the grid Completion time in seconds Motor functioning 

 

Word list recall 
and recognition 

Total number of correct 
words, free recall and 
recognition 

Learning and memory 

Digit sequence I 
and II 

 

Total number of correctly 
repeated sequence forward 
and backward 

Attention 

Attention and working 
memory 

 

Exploratory Dosimetric work  

For 144 patients treated in LTHT, radiotherapy plans were reviewed to explore 
potential relationships between radiation dose to brainstem and anterior/posterior 
cerebellum and NCC and NCF. These brain substructures were chosen because 
they were found to receive the highest radiotherapy doses during OPC 
treatment[15]. Other brain substructures received only very low radiotherapy 
doses (<1Gy) so were not considered relevant for further evaluation in this 
context.  

 

4.4.4 Data analysis 

Patient sociodemographic and clinical data were analysed descriptively using 
STATA 18.0. Scores for patient-reported outcomes (MOS-Cog, MFI, POMS-SF) 
were generated following scoring manuals. There is no widely accepted minimal 
clinically important difference (MCID) for the MOS-Cog. Therefore, to aid clinical 
utility and to detect significant complaints, patients were classified as having “no 
cognitive concerns” (MOS-Cog scores >60 in all items, indicating little to no 
concerns)[19] or having “cognitive concerns” (MOS-Cog scores ≤60 in all items, 
indicating concerns at least some of the time). This threshold for “cognitive 
concerns” is more stringent than the definition used by Karr et al[19], where NCC 
in patients with dementia was  defined as MOS-Cog ≤60 in 2 items. This mitigates 
overestimating NCC. Patients’ raw ACS test scores were converted to 
standardized Z-scores, adjusted for age, sex, educational level, and computer 
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use based on the norms obtained from the British cancer-free reference group. 
As per recommendations of the International Cognition and Cancer Task Force 
(ICCTF), clinically significant NCF impairment was considered present if a 
patients had a Z score of ≤-2 on a single domain or a Z score of ≤-1.5 (-1.5 to -
1.9) in two or more domains[25,26]. We hypothesised radiotherapy or 
chemoradiotherapy for OPC would have a negative impact on both objective and 
self-reported cognitive function. 

The relationship between NCC/NCF, sociodemographic, treatment factors, and 
other patient-outcomes was examined. Analyses were structured to maximise 
information derived from the data and align with both exploratory and clinical 
objectives of this study. Firstly, multiple linear regression was conducted to 
examine the relationship between potential predictors and the total MOS-Cog 
score, enabling identification of trends and effect sizes. Secondly a logistic 
regression was then conducted post hoc on dichotomised data (presence or 
absence of cognitive concerns; NCC) to evaluate predictors in the context of 
binary outcomes relevant to clinical decision-making and intervention planning. 
Similarly, multivariate linear regression was performed using ACS Z-scores as 
continuous variables, focusing on domains where ≥10% of patients demonstrated 
a deficit (Z-score <-2). Subsequently, post hoc logistic regression was conducted 
to evaluate the likelihood of clinically significant NCF impairment, defined as its 
presence or absence.  

Key variables  included in the selection modelling were based on evidence from 
modelling studies focused on cognitive outcomes in patients with brain 
tumours[27] and clinical relevance. Variables (age at treatment, sex, education, 
smoking, radiation dose, chemotherapy, physical fatigue, reduced activity, mental 
fatigue, general fatigue, reduced motivation, total mood and follow up time) were 
analysed using stepwise regression, employing both forward and backward 
selection methods to refine the model (supplementary section 3). The model with 
the least Akaike information Criterion (AIC) from the stepwise selection was 
selected and carried forward. The final model included variables with statistical 
significance (p<0.05) alongside clinical opinions on the relevance of the variables 
(supplementary 3). Multicollinearity between the variables was evaluated, and 
variables excluded if the variance inflation factor (VIF) was ≥5. Coefficients and 
odds ratio (OR) with 95% confidence intervals, as well as p-values were reported.  

Finally exploratory analysis of potential relationships between radiation dose to 
brainstem and anterior/posterior cerebellum and NCC and NCF was conducted. 
In 144 participants treated in LTHT, radiotherapy plans were imported into 
RayStation (RaySearch Laboratories, Stockholm, Sweden version 11DaK) and 
MRI co-registration was performed where possible, using 2mm T1 contrast-
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enhanced slices. The CNS regions of interest (CNS-ROI) were contoured by an 
oncologist (ZIE) and quality assured by a neuroradiologist(SC). Dose 
distributions were converted to equivalent dose in 2Gy per fraction, using an 
alpha-beta value of 3Gy[28]. Near-maximum dose (D1cc), mean dose (Dmean), 
and  the volume receiving 10-30Gy (V10-V30 in 5Gy increments with 95% CI) for 
each substructure were extracted. To address potential multicollinearity, a 
composite structure called the "posterior fossa" (comprising the brainstem, 
anterior and posterior cerebellum) was introduced for analysis. Correlations 
between CNS-ROI doses and i) NCF (focusing on domains where ≥10% of 
patients demonstrated a deficit [Z-score <-2]) and ii) NCC were investigated. 

Missing data were below 10% for self-reported outcomes (3% for MOS-Cog, 4% 
for MFI and 9% of POM-SF). The ACS was not completed by 73% of the sample;  
radiotherapy dosimetry was not evaluated for patients recruited from  Manchester 
(57%). Missing data were not confirmed missing completely at random (MCAR) 
and therefore imputation was not used to prevent introducing potential bias or 
inaccuracies that could arise from systematic patterns in the missing data. 

 

4.5 Results  

Results  

A total of 855 patients treated for OPC were invited, of whom 349 enrolled in the 
study. Of these individuals, 338 completed the MOS-Cog and were taken forward 
into analysis. The ACS was completed by 93 patients. Patient demographics, 
disease and treatment details are provided in Table 4.2. Median interval from the 
completion of radiotherapy was 6 years (IQR 4-8).  

 

Table 4-2 Demographics of participants who completed the Medical 
Outcomes Study Cognitive Functioning Scale  and Amsterdam Cognition 
Scan 

 Study 

sample 

(completing 

MOS-Cog  

n=338) 

Study 

sample 

(completing 

ACS n=93) 

Age  

Age at diagnosis: mean (SD)  

 

58.6 (8.5) yrs 

 

56.4 (7.7) 

yrs  
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Age at study recruitment: mean (SD) 64.5 (8.6) yrs 61.6 (7.7) 

yrs  

Sex 

Male     

Female  

 

248 (73.4%) 

90  (26.6%) 

 

71 (76.3%) 

22 (23.7%) 

Level of education  

No formal qualification/below secondary education  

Completed secondary education but below 

University level  

University degree or higher  

Unknown 

 

58 (17.2%) 

192 (56.8%) 

 

79 (23.4%) 

9 (2.6%) 

 

5 (5.4%) 

54 (58.0%) 

 

29 (31.2%) 

5 (5.4.0%) 

Current Employment status  

Employed  

Unable to work due to illness/disability 

Unemployed  

Retired  

Unknown  

   

143 (42.3%) 

19 (5.6%) 

7(2.0%)  

166(49.1%) 

3(0.9%) 

 

45 (48.3%) 

2 (2.2%) 

2 (2.2%)  

41(44.1%) 

3 (3.2%) 

Pre-treatment ECOG Performance Status  

0 

1 

2 

 

290 (85.8%) 

44 (13.1%) 

4 (1.1%) 

 

91 (97.8%) 

2 (2.2%) 

0 (1.1%) 

Smoking at time of treatment   

Current Smoker  

Ex-smoker  

Never smoked 

Unknown  

 

64 (18.9%) 

108 (31.9%) 

162 (47.9%) 

4     (1.2%) 

 

10 (18.6%) 

31(32.6%) 

52 (47.2%) 

0     (0%) 

Tumour subsite 

Tonsil 

Base of tongue  

Vallecula 

 

213 (63.0%) 

112 (33.1%) 

2    (0.6%) 

 

67 (72.0%) 

26 (28.0%) 

0 (0%) 
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Posterior pharyngeal wall  

Soft palate 

3    (0.9%) 

8    (2.4%) 

0 (0%) 

0 (0%) 

T-stage TNM7 

T1 

T2 

T3 

T4 

 

65 (19.2%) 

163 (48.2%) 

61 (18.1%) 

49 (14.5%)  

 

24 (25.8%) 

38 (40.9%) 

19 (20.4%) 

12 (12.9%) 

N-stage TNM7 

N0 

N1 

N2 

N3 

 

53 (15.7%) 

42 (12.4%) 

201 (59.5%) 

42 (12.4%) 

 

10(10.8%) 

15 (16.1%) 

47 (50.5%) 

21 (22.6%) 

P16 status  

Positive 

Negative 

Unknown  

 

276 (81.7%) 

26   (7.7%) 

36   (10.6%) 

 

81(87.0%) 

3 (3.3%) 

9 (9.7%) 

Fractionation  

70Gy/35# 

65-66/30# 

 

138 (40.8%) 

200 (59.2%) 

 

45 (48.4%) 

48 (51.6%) 

Concurrent Chemotherapy 272(80.5%) 79(84.9%) 

Radiotherapy alone 70 (19.5%) 14 (15.1%) 

Tumour stage (T-stage), Nodal stage (N-stage),  Surrogate immunohistochemical 
marker of oncogenic human papilloma virus (HPV) infection(P16), Eastern Cooperative 
Oncology Group (ECOG) performance status. 

 

4.5.1 Prevalence of NCC and NCF 

The MOS-Cog results (n=338) are summarised in Table 3. Patients had concerns 
most frequently in the domains of memory and attention: 43.4% and 34.3% of 
patients  scored ≤60 on MOS-Cog in these domains, respectively. In total, 50/338 
(14.8%) were categorised as having “cognitive concerns” (≤60 in all domains) and 
158/338 (46.7%) were categorised as “no cognitive concerns” (>60 in all 
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domains). Furthermore, 38.4% (130/338) had mixed scores of >/<60 across the 
domains indicating a lower level of cognitive concerns. 

The ACS was completed by 93 patients. Impairments (Z score of ≤-2 on a single 
domain) were mostly identified in the domains of attention and working memory 
(10.8% affected on box tapping and 8.6% on connect the dot II), followed by 
processing speed and executive function (Table 2). No clinically relevant levels 
of impairment were reported in patients treated for OPC in the domain of motor 
dexterity/functioning. Overall, NCF was classed as impaired in 31/93 (33.3%): 
24/31 had Z scores ≤ -2 in at least one domain and 7/31 had Z scores ≤ -1.5 in 
at least 2 domains.  

 

Table 4-3  Patient reported outcomes and ACS outcomes 

Patient Outcomes N(%) Mean (SD) 

MOS-Cog   

Total MOS-Cog   75.5 (22.5) 

Reasoning (score)   

0 9    (2.6)  

20 20  (5.8)  

40 35  (10.2)  

60 48  (14.0))  

80 112 (33.4)  

100 114 (37.2)  

Forgetting (score)    

0 14  (4.1)  

20 24  (7.6)  

40 41  (12.0)  

60 37  (19.6)  

80 104 (31.0)  

100 86  (25.5)  

Attention (score)   

0 8     (2.3)  
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20 26   (7.6)  

40 26   (7.6)  

60 57   (16.7)  

80 107  (31.6)  

100 114  (34.0)  

Concentrations (score)   

0 7  (2.0)  

20 21  (6.2)  

40 33  (9.7)  

60 47  (13.9)  

80 118 (34.9)  

100 112 (33.1)  

Confusion (score)   

0 3  (0.8)  

20 19  (5.6)  

40 23 (6.7)  

60 32 (9.4)  

80 70   (20.6)  

100 191 (56.6)  

Slow reaction speed (score)   

0 4  (1.1)  

20 12 (3.5)  

40 32 (9.4)  

60 44  (13.0)  

80 95  (28.1)  

100 151 (44.6) 

 

 

ACS (No. patients with Z score ≤ -2)   

Connect the dots I (Processing speed) 8 (8.6)  
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Connect the dots II (Attention and Working 
Memory) 

8 (8.6)  

Word List Learning (Learning  and Memory) 2 (2.2)  

Delayed Recall  (Learning and Memory) 3 (3.2)  

Reaction Speed (Processing speed) 2 (2.2)  

Place the bead  (Executive Functioning) 4 (4.3)  

Box tapping  (Attention and Working Memory) 10 (10.8)  

Fill the grid  (Motor Functioning) 0(0)  

Digit span I (Attention) 0(0)  

Digit span II(Attention and Working Memory) 0(0) 

 

 

MFI   

General fatigue   11.12 (4.89) 

Physical fatigue   10.43 (5.10) 

Reduced activity   9.18 (4.65) 

Mental fatigue   9.46 (4.72) 

Reduced motivation  

 

 8.99 (4.29) 

POM-SF   

Fatigue-Inertia  6.17 (5.81) 

Depression-Dejection  4.17 (6.38) 

Anger-Hostility  3.20 (5.03) 

Tension-Anxiety  4.55 (5.59) 

Confusion-Bewilderment  3.45 (4.36) 

Vigor-Activity  9.74 (6.24) 

Total mood disturbance  11.81 
(25.67) 

Medical Outcomes Study Cognitive Functioning Scale (MOS-Cog), Amsterdam 
Cognition Scan(ACS), Multidimensional Fatigue Inventory (MFI), Profile of Mood States 
Short Form (POMS-SF) 
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4.5.2 Factors associated with NCC and NCF 

Multivariate linear regression revealed significant associations between total 
MOS-Cog scores, mood, and fatigue domains. Mood demonstrated a negative 
relationship (β = -0.32 [95% CI:-0.41, -0.24],p < 0.001), indicating that greater 
mood disturbance was linked to lower MOS-Cog scores. Mental fatigue (β = -2.59 
[95% CI: -3.06, -2.11], p < 0.001) and general fatigue (β = -0.75 [95% CI: -1.34, -
0.17], p = 0.05) also showed negative relationships, with higher fatigue 
corresponding to lower cognitive scores. In contrast, physical fatigue was 
positively related to MOS-Cog (β = 0.65 [95% CI: 0.15, 1.15], p < 0.01). The 
model (df = 293, p < 0.001) explained 67% of the variance (R² = 0.67) and had 
an AIC of 2428.5. No multicollinearity was detected (VIFs ranged from 1.02 to 
2.83, supplementary section 3). 

For NCF, box tapping was the only domain investigated due to the higher 
incidence of impairment in this domain. In multivariate linear regression analysis, 
mood showed a small but statistically significant negative association with box 
tapping Z-scores mood: -0.02 (95% CI: -0.04 to-0.006), p-value <0.05. Statistical 
measures for the model were adjusted R2 = 0.15, df 79, p= 0.1 and AIC of 271.35. 
No multicollinearity was detected, VIFs ranged from 1.12 to 2.45 for all variables 
(supplementary 3). 

On post-hoc analysis of NCC, the predictors mood (OR 1.04 [95% CI:1.02,1.06], 
p=<0.001) and mental fatigue (OR 1.31 [95% CI:1.14, 1.49] p=<0.001) were 
statistically significant (Table 4). Hence patients with mental fatigue were more 
likely to report NCC and worsening mood was associated with a slight increase 
in the likelihood of NCC. The relationship with physical and general fatigue on 
linear regression did not persist in the post hoc analysis. On post-hoc logistic 
analysis of NCF (Z-score ≤ -2 on box tapping), no significant associations were 
found (Table 4). 

 

4.5.3 Correlation Between Dose and NCC/NCF 

Of the three substructures evaluated (brainstem, anterior cerebellum, posterior 
cerebellum), the posterior cerebellum received the highest average Dmean and 
Dmax, 7.15Gy and 29.7Gy respectively. For all three substructures (and the 
composite posterior fossa structure) there were no significant correlations 
between radiation dose (maximum dose, mean dose and lower dose bath (i.e. 
V10- V30; supplementary table 2) and NCC (total Mos-Cog). Similarly, no 
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significant correlations were observed between radiation dose and NCF (Z-
scores) in the domains of attention and memory. 

 

4.6 Discussion  

In this comprehensive analysis of a large cohort of OPC patients treated with 
definitive (chemo)radiotherapy at a median of 6 years post-treatment, 14.8% of 
patients reported NCC and 33% had NCF impairment. Predominantly affected 
domains were attention and working memory. No association was found between 
radiotherapy doses to the posterior fossa structures and NCF/NCC outcomes. 

NCC offer insights into everyday challenges and social functioning[29]. The 
qualitative interviews conducted in a subset of patients (n=21) revealed patients 
who reported NCC faced challenges in maintaining paid employment and 
participating in leisure activities, and also experienced social isolation, with a 
need for reassurance and support[16]. Mental fatigue emerged as a significant 
determinant of NCC on both linear and logistic regression. This is similar to 
results observed in patients with lymphoma and low-grade glioma 
patients[30,31]. Increased perception of effort and aversion for cognitive tasks 
have been found to be common expressions of fatigue[32]. Mood was also 
associated with NCC, reinforcing evidence of strong correlations between 
subjective cognitive assessment  and self-reported outcomes such as quality of 
life, anxiety, depression, fatigue, and sleep disturbance in cancer populations[9]. 
Physical fatigue displayed a positive relationship with the MOS-Cog score. This 
unexpected finding could be due to a potential compensatory mechanism in 
individuals experiencing fatigue, or it may reflect an underlying variable, such as 
the level of physical activity or fitness, that was not accounted for in the analysis. 
Further investigation is needed to better understand the dynamics of this 
relationship.  

NCF is a measure of performance, encompassing various domains[33,34]. NCF 
deficits in patients treated for OPC have not historically been recognised as a 
significant concern. However, amongst patients completing the ACS, 33% met 
the criteria for cognitive impairment, with issues primarily exhibited in the domains 
of attention and working memory. The evidence regarding the 
neuropsychological sequalae of radiotherapy in HNC is limited, with reported 
rates of cognitive deficits ranging from 32% to 56.8%, using various measurement 
tools, definitions of impairment and varying HNC populations[25,35-37]. In a 
small HNC study, with predominantly OPC participants (n=24: 21 OPC, 3 other), 
25% of patients exhibited a deficit in NCF (measured objectively) in at least one 
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cognitive domain, again with memory and attention being the most commonly 
affected[38]. In a longitudinal study by Zer et al., 38% of patients (n=50: 42 OPC, 
8 other HNC subsites) showed NCF decline at 24 months, with deficits primarily 
in intellectual capacity and verbal memory on objective assessment [39]. In the 
only other long-term study investigating NCF (measured objectively) in a 
heterogeneous HNC cohort (n=44), worse performance was observed in episodic 
memory (11.4%) and speed of information processing (6.8%)[40].  Analysis within 
our investigation did not identify any patient-or cancer-related predictors of 
neurocognitive function (NCF). This could be due to limited statistical power, or 
NCF being influenced by a wide range of factors beyond traditional clinical 
variables, such as social factors, genetic predisposition and medications for 
example [33,41,42]. 

Several studies have shown that NCC and NCF do not completely overlap but 
rather represent distinct constructs. Subjective neurocognitive impairment might 
not represent a true dysfunction, and standard objective neurophysiological 
testing might not detect subtle impairments at the domain level[43,44]. It is also 
important to note that NCF evaluates performance at a single point under 
controlled conditions, whereas NCC captures experiences over extended periods 
and diverse settings, better reflecting real-life environments[44]. Over time, 
patients may adapt to changes in NCF, leading to a reduced perception of NCC. 
Additionally, individual expectations regarding cognitive function may evolve at 
different stages of survivorship, further influencing the perception of NCC. Both 
NCF and NCC can impact various aspects of daily life, including employment, 
social functioning, and community integration. Therefore, evaluation of both NCC 
and NCF, as in our investigation, is needed to guide comprehensive cognitive 
care in OPC. 

The role of neuroanatomical substructures in radiotherapy-induced NCF decline 
has primarily focused on the hippocampus and its function in memory[45]. 
However, the posterior cerebellum (cognitive cerebellum)[46,47] and brainstem 
(part of the cerebello-cerebral network)[48,49]  are integral structures involved in 
cognitive processes. We did not, however, find an association between NCF or 
NCC and radiotherapy doses (max dose, mean dose or low-dose bath) to these 
structures. Although IMRT may result in higher doses to the cerebellum than 3-
dimensional planning (3DP)[50,51], the average doses received by the posterior 
fossa structures (2.05Gy, 1.5Gy ,7.15Gy to brainstem, anterior cerebellum and 
posterior cerebellum respectively) were low and might be within (an as yet 
undefined) dose tolerance. Furthermore, doses delivered to cranial structures 
showed minimal variation due to the consistent use of the same radiotherapy 
technique (vast majority of patients received IMRT/VMAT). Consequently, the 
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potential to establish a dose-response relationship is limited. Also, the role of vital 
neurological connections between the cerebellum and various cortical and 
subcortical regions[4,52,53] were not considered in this study. Voxel-based 
analysis may  allow the full 3-dimensional dose distribution to be considered in 
relation to NCF without predefined CNS-ROIs biasing the analysis[54]. Other 
than direct impact of radiotherapy dose, additional factors such as genetic 
susceptibility, lifestyle and metabolic abnormalities, anaemia, as well as pro-
inflammatory cytokine activation resulting from intensive oncological treatment 
combinations, could all potentially contribute to NCF impairment[55].  

The primary strengths of this study are threefold: (i) the inclusion of a large OPC-
specific cohort, (ii) assessment of cognition through both subjective and objective 
measures and (iii) utilisation of a novel unsupervised online cognitive battery with 
the potential to enable collection of extensive neurocognitive performance 
datasets for future research. However, some limitations are acknowledged. 
Firstly, the modest number of patients who completed the ACS (27%) may 
introduce potential selection bias; patients perceiving neurocognitive issues may 
have been more likely to participate but equally those anticipating difficulty with 
assessment may have been more inclined to opt out. The cross-sectional design 
of the study inherently limits the availability of baseline data for comparison. 
Finally, the method used to define the NCC group may underestimate concerns, 
as it does not account for individuals who fall outside the "no concerns" category 
but score ≤60 in at least one MOS-Cog domain. 

 

4.7 Conclusion:  

Our study findings suggest that neurocognitive problems are common among 
long-term survivors of OPC. Whilst there remains a need for further investigation 
into underlying mechanisms, our data suggests patients should be informed of 
potential negative cognitive outcomes following treatment and supported 
throughout their survivorship journey. Counselling and support services should 
be tailored to address these challenges, providing strategies to mitigate their 
effects on quality of life. 

 

4.8 Supplementary  

Collection and establishment of normative data 

Study participants and procedures 
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Normative data for the British version of the Amsterdam Cognition Scan (ACS) 
was collected from a sample of native speaking British adults without cancer in 
the LOG IN UK (Collection of onLine cOGnitIve test Norms in a group of healthy 
participants from the United Kingdom) study. The study was conducted by the 
University of Leeds in collaboration with the Netherlands Cancer Institute and 
approved by the University of Leeds Research Ethics Committee. Participants 
were recruited between April and June 2022 from the online respondent panel 
TOLUNA (www.toluna.com) and received a monetary reward for their 
participation. 

 
Potential respondents were approached by TOLUNA and provided a link to a 
questionnaire in Qualtrics (www.qualtrics.com). Upon opening the link, potential 
participants were first informed about the study procedures and then asked to 
provide online, written informed consent when willing to participate. Hereafter, 
participants completed several screener questions to assess their eligibility. 
Eligibility criteria included age of 18 years or older, English as first language, no 
(history of) diagnosis of cancer, use of and ability to use a computer or laptop 
with internet connection and sound, no neurological condition or psychiatric 
disorder that may affect cognitive function (e.g., stroke, dementia, mild cognitive 
impairment, epilepsy, multiple sclerosis, Parkinson’s, or Huntington’s disease), 
no use of medication for depression or anxiety (e.g., citalopram, fluoxetine, 
paroxetine, duloxetine, amitriptyline, or lithium), and no consumption of 6 or more 
units of alcohol per day. If eligible, additional questions about their 
sociodemographic characteristics and medical history followed. Upon completing 
the questionnaire, participants received a link to the ACS. The ACS consisted of 
7 cognitive tests with 11 different outcome measures and also included two 
questionnaires on anxiety and depression (Hospital Anxiety and Depression 
Scale2) and fatigue (Multidimensional Fatigue Inventory3), and a question about 
self-reported number of hours per week spent using a computer. Combined, filling 
in the online questionnaire and completing the ACS took approximately 1 hour.   
 

All participants who completed the ACS were approached to complete the ACS 
again six months later. These data will be reported elsewhere.  

 

Participant inclusion and characteristics 

The flowchart of inclusion is visualized in Figure 1. In total, 3540 responses were 
recorded. Partly completed responses were excluded due to missing 
demographic data (i.e., computer use). 710 respondents completed the 

http://www.toluna.com/
http://www.qualtrics.com/
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questionnaire and ACS. Sociodemographic characteristics and medical history of 
the included normative sample are described in Table 2.  

 

Figure 1. Flowchart of participant recruitment in LOG IN UK 

 

Table 2. Sociodemographic characteristics & medical history norm group 

 N (%)a 

Sociodemographic 
characteristics 

 

Age, mean ±SD [range] 50 ±17 [18-89] 

Sex, N (%) 

 Female 

 Male 

 

381 (54) 

327 (46) 

Education  

101 (14) 
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 Low 
 Middle 
 High 

224 (32) 

383 (54) 

Marital status 
 Single, never married 
 Married or living together 
 Divorced or separated 
(single) 

 Widowed (single) 

 In a relationship, not 
living together 

 

172 (24) 

427 (60) 

57 (8) 

25 (4) 

27 (4) 

Medical history  

Smoking 

 Yes 
 No 

 Units per day, mean 
±SD 

 

88 (12) 

620 (88) 

11 ±7 

Alcohol use 

 Yes 
 No 

 Units per week, mean 
±SD 

 

478 (68) 

230 (32) 

7 ±8 

Dyslexia 

 Yes 
 No 

 Prefer not to say 

 

15 (2) 

690 (97) 

3 (0.4) 

Concussion/whiplash (ever) 

 Concussion 
 Whiplash 
 Both 

 Prefer not to say 

 

36 (5) 

52 (7) 

18 (3) 

6 (1) 
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Transient Ischemic Attack 
(ever) 

 Yes 
 No 
 Missing 

 

7 (1) 

700 (99) 

1 (0.3) 

Serious illness (ever) 

 Yes 
 No 
 Prefer not to say 
 Missing 

 

35 (5) 

668 (94) 

4 (0.6) 

1 (0.1) 

Treatment (current) 

 Yes 
 No 
 Prefer not to say 
 Missing 

 

212 (30) 

493 (70) 

2 (0.3) 

1 (0.1) 

Indication current treatment 

 Hypertension 

 High cholesterol 
 Cardiovascular disease 

 Diabetes Mellitus 
 Chronic kidney disease 
 Other 
 Prefer not to say  

 

18 (3) 

3 (0.4) 

4 (0.6) 

19 (3) 

0 

100 (14) 

2 (0.3) 

Medication use (current) 

 Yes 
 No 
 Missing 

 

310 (44) 

397 (56) 

1 (0.3) 

Medication type 

 Sleeping pills 

 Blood thinners 

 

5 (0.7) 

29 (4) 
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 Blood pressure 
medicines 
 Antiplatelet medicines 
 Cholesterol medicines 
 Antidiabetic medicines 
 Other 
 Prefer not to say 

106 (15) 

2 (0.3) 

108 (15) 

53 (7) 

132 (19) 

7 (1) 

Menstruationb 

 Regularly 
 Irregularly 

 No 
 Prefer not to say 
Age last menstruation, mean 
±SD 

 

131 (34) 

28 (7) 

220 (58) 

2 (0.5) 

48 ±7 

Natural menopausec 

 Yes 
 No 

 

178 (81) 

42 (19) 

Hormone Replacement 
Therapy useb 

 Yes 
 No 
 Prefer not to say 

 

42 (11) 

338 (89) 

1 (0.3) 

Lifestyle factors  

Sleeping problems 

 Yes 
 No 

 Missing 

Hours of sleep per nightd, 
mean ±SD 

 

171 (24) 

536 (76) 

1 (0.1) 

7 ±1 

Cognitive complaintse, mean 
±SD 
 Memory issues 
 Concentration issues 

 

1.3 ±1.8 

1.3 ±1.9 
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Mediterranean dietf 

 Yes 
 No 

 Missing 

 

197 (39) 

510 (72) 

1 (0.3) 

Exercise (days)d,g, mean ±SD 11 ±9 

a Values indicate N (%), unless indicated otherwise. 
b Percentage relative to total number of females 
c Percentage relative to number of females not menstruating 
d Average over last month 
e In the past 24 hours, scale from 0 (=no issues) to 10 (=as bad as you can 
imagine) 
f Regularly eating fish, vegetables, pulses, (olive) oil and pasta; and sometimes 
drinking red wine 
g For at least 30 minutes, in such a way that your breathing rate increases 

 

Establishment of normative data 

Normative data were established following the exact same procedures as used 
for establishing norms from a Dutch normative sample for the Dutch version of 
the ACS1. 
Raw ACS test scores were checked for quality and outliers and invalid test scores 
were excluded from further analysis, as described previously4,5 (with age groups 
≤40, 40-60, >60). Normative data, demographically adjusted for age, sex, 
educational level, and computer use, were established using regression-based 
norming with Generalized Additive Models for Location, Scale and Shape 
(GAMLSS)6. GAMLSS is a flexible modeling framework that is able to capture 
nonlinearity, nonnormality and heteroscedasticity by modeling not only the 
location (the mean/median) of the test score distribution, but also the distribution’s 
shape and scale with parameters for variance, skewness and/or kurtosis, 
providing realistic and precise norms.  

Using GAMLSS, the test score distributions of 10 ACS outcomes were modeled 
as a function of the explanatory demographic variables. As in previous studies4,5, 
one outcome (Wordlist Recognition) was excluded from further analysis because 
of ceiling effects. In all models, the distribution’s location parameter was modeled 
as a function of the explanatory variables age, sex, educational level, and 
computer use. In addition, parameters for variance, skewness, and kurtosis were 
modeled as a function of age. All parameters were modeled using monotonic p-
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splines for age to be able to capture the non-linear effects of age on cognitive 
function.  

Based on the estimated GAMLSS models, percentile scores were derived for the 
range of possible raw ACS test scores and each combination of levels of the 
explanatory variables. Percentiles scores converted to normalized Z-scores 
based on the cumulative distribution function (CDF). Upon request, norms can be 
provided either as an interactive, user-friendly Excel file or as look-up tables 
accompanied by a customized R script.  

 

Dose work 

a) Phase I: An atlas of  HNC CNS regions of interest (CNS-ROIs) was 
developed (ZIE,LM,SC) integrating brain sub-structures identified from existing 
literature and the European Particle Therapy Network (EPTN) atlas.  CNS-ROIs 
included in the atlas were amygdala-hippocampus (contoured as one structure), 
brainstem, cerebellum (anterior & posterior contoured separately), temporal 
lobes (right and left contoured separately) and thalamus. RT treatment plans for 
participants treated in Leeds (n=144) were retrieved from the original RT planning 
system (Monaco, Elekta AB, Sweden) and restored in RayStation (V11A  
RaySearch Laboratories AB, Sweden), with diagnostic MRI co-registration where 
possible. The above CNS-ROIs were retrospectively manually delineated by a 
clinical oncologist (ZIE) in 40 cases and contours were quality assured by an 
experienced neuro-radiologist (SC). Dose distributions were examined across all 
structures and, to limit multiple hypothesis testing, only those structures 
considered to have received a meaningful radiotherapy dose (brainstem and 
anterior and posterior cerebellum) were included for further dosimetric analysis.  

 

b) Phase II: The brainstem and anterior and posterior cerebellum were 
contoured on datasets for the remaining 104 participants from Leeds, again with 
MRI co-registration where possible. For each of these sub-structures, the 
following dosimetric information was recorded: near-maximum absorbed dose 
(D1cc), mean absorbed dose (Dmean), and values of V10-V30 (in 5Gy 
increments with 95% CI). To mitigate potential multicollinearity among CNS-
ROIs, an additional composite structure termed the "posterior fossa" (comprising 
the brainstem, anterior, and posterior cerebellum) was created and the same 
dosimetric information exported. 
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Low -dose 
bath  

Brainstem 

 

(mean  cm3, 
SD) 

Anterior 
Cerebellum 

(mean  cm3, 
SD) 

Posterior 
Cerebellum 

(mean  cm3, 
SD) 

Posterior 
Fossa 

 

(mean  cm3, 
SD) 

V10 6.01 (2.79) 0.2 (0.66) 41.13 (24.21) 43.25(24.7) 

V15 4.58 (2.46) <0.1 23.25 (19.75) 24.8(19.5) 

V20 3.02 (2.22) <0.1 12.50 (14.31) 13.6(14.5) 

V25 1.72 (1.67) <0.01 6.12 (8.88) 6.7 (8.9) 

V30 0.77 (0.95) <0.001 2.69 (4.92) 2.8(4.7) 

Table 1. Low dose bath to CNS-ROIs 

 

 

 Regression analysis  

Multiple Linear regression: 

MOSCOG (NCC): There were 301 patients with complete information on the 
variables of interest. Variables (factors) included in the selection modelling were 
based on evidence from systematic reviews[27] and clinical opinion. The 
stepwise (forward and backward simultaneously) approach was also used to help 
select variables that were relevant to the model by looking at the AICs, variables 
with significant effect and clinical opinion.  

All variables included in the stepwise (forward and backward approach) selection 
are Tot.MosC as continuous for linear regression and NCC as binary for logistic 
regression. The total moscog score (or NCC) is the dependent variable and the 
independent variables are: Age + factor(Sex) +  Q3.Education + factor(ECOG) + 
factor (subsite_code) + factor (HPV) + factor (smoking) + factor(Radiation.Dose) 
+ factor (TCM1) + factor (C.Chemo) + Physcial.fatigue + Reduced.activity + 
Mental.fatigue + General.fatigue + Reduced.motivation + total.mood + 
marital.status + Follow.up.time  

The model with the least AIC from the stepwise selection approach is below. 
Variables with statistical significance were considered alongside clinical opinions 
on the relevance of the variables with / without clinical relevance to NCC.  
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NCC Co-efficient (95%CI) 
 

P value 

Mood   -0.32 (-0.41, -0.24) <0.001 

Mental fatigue -2.59 (-3.06, -2.11) <0.001 

General fatigue -0.75(-1.34, -0.17) <0.05 

Physical fatigue 0.65 (0.15, 1.15) <0.01 

Age at treatment  0.11 (-0.09, 0.30) 0.28 

Education  0.06 (-0.81, 0.91) 0.90 

Sex (female) -2.72 (-6.18, 0.74) 0.12 

R² 0.670  

 AIC 2428.5  

 

With clinical opinion a final model was reached which included Age, Education 
(even if they were not statistically significant but needed to be accounted / 
adjusted for), Sex, physical fatigue, mental fatigue, total mood and general 
fatigue. Subsite code was excluded (as it has not clinical relevance to NCC),  

NCC Co-efficient (95%CI) 
 

P value 

Mood   -0.32 (-0.41, -0.24) <0.001 

Mental fatigue -2.59 (-3.06, -2.11) <0.001 

General fatigue -0.75(-1.34, -0.17) <0.05 

Physical fatigue 0.65 (0.15, 1.15) <0.01 

Age at treatment  0.11 (-0.09, 0.30) 0.28 

Education  0.06 (-0.81, 0.91) 0.90 

Sex (female) -2.72 (-6.18, 0.74) 0.12 

R² 0.670  

 AIC 2428.5  

 

(ACS)NCF: There were 85 patients with complete information on the variables of 
interest. Variables (factors) included in the selection modelling were based on 
evidence from systematic reviews [REF]  and clinical opinion. The stepwise 
(forward and backward simultaneously) approach was also used to help select 
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variables that were relevant to the model by looking at the AICs, variables with 
significant effect and clinical opinion.  

All variables included in the stepwise (forward and backward approach) selection 
are Z.score box tapping as continuous for linear regression and Global deficit as 
binary for logistic regression. The Z score box tapping score (or NCC) is the 
dependent variable and the independent variables are: Age + factor(ECOG) + 
factor (subsite_code) + factor (smoking1) + factor(Radiation.Dose) + factor 
(TCM1) + factor (C.Chemo) + factor (Q10.Smoker) + Physcial.fatigue + 
Reduced.activity + Mental.fatigue + General.fatigue + Reduced.motivation + 
total.mood + marital.status + Follow.up.time. 

 

The model with the least AIC from the stepwise selection approach is below. 
Variables with statistical significance were considered alongside clinical opinions 
on the relevance of the variables with / without clinical relevance to NCC. 

NCF 
 

Co-efficient (95%CI) 
 

P value 

Mood   -0.02 (-0.04, 0.001) <0.05 

Mental fatigue 0.04 (-0.04, 0.13) 0.32 

General fatigue 0.001 (-0.09, 0.10) 0.98 

Physical fatigue 0.003 (-0.07, 0.08) 0.93 

Age at treatment -0.02 (-0.05, 0.01) 0.16 

Education  Not included - 

Sex (female) Not included - 

R² 0.15  

 AIC 269.83  

 

 

Multiple Logistic regression: 

NCC / NCF: All variables included in the stepwise selection of variable approach 
in the linear regression model was included in the stepwise selection of variable 
in the logistic regression approach. Statistically significant variable from the 
model with the lowest AIC and variables included in the final linear model, were 
included in the final model alongside clinical opinion on variables that are relevant 
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to the NCC / NCF.  Age, Education were included in the final model following 
clinical opinion and the need to adjust for it in the NCC model.  

 

There were 301 patients with complete information on the variables of interest in 
the MOSCOG (NCC); while there were 85 patients with complete information on 
the variables of interest in the ACS (NCF). Variables (factors) included in the 
selection modelling were based on evidence from systematic reviews[5] and 
clinical opinion. The stepwise approach was used to help select variables that 
were relevant to the model by looking at model with the lowest Akaike information 
Criterion (AIC), and variables with statistical significance. Furthermore, clinically 
relevant variables  based on their ability to influence cognitive outcomes, input 
from clinical experts and relevance in clinical settings were considered. 

 

Moscog (NCC) 

The total MOSOG score (dependent variable) is measured as a continuous 
outcome for the linear regression and the NCC is measures as binary outcome 
for the logistic regression. The independent variables included in the MOSCOG / 
NCC model are age at treatment, sex, education, smoking(yes or no), radiation 
dose, chemotherapy (yes or no), physical fatigue, reduced activity, mental 
fatigue, general fatigue, reduced motivation, total mood and follow up time. The 
coefficient of all variables included in the model before the stepwise selection 
approach was implemented is presented in table 3 below. 

 

Table 3. Coefficient of all variables explored in NCC regression analysis  

Multiple linear regression  

NCC Co-efficient (95%CI) 
 

P value 

Age at treatment  0.22 (0.004, 0.435) 0.0464 

Sex (female) -2.62 (-6.13, 0.89) 0.15 

Education -0.013 (-0.87, 0.85) 0.98 

Smoking 0.67 (-2.47, 3.80) 0.68 

Radiation dose -0.0003 (-0.0008, 0.0002) 0.24 

Chemotherapy  4.87(-0.09, 8.97) 0.09 
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Physical fatigue (MFI 
scale) 

0.71 (0.12, 1.31) 0.02 

Reduced activity (MFI 
scale) 

-0.23 (-0.82, 0.36) 0.44 

Mental fatigue(MFI scale) -2.61 (-3.10, -2.12) <0.00001 

General fatigue(MFI 
scale) 

-0.70 (-1.29, -0.12) 0.02 

Reduced motivation (MFI 
scale) 

0.23 (-0.42, 0.87) 0.49 

Total mood disturbance 
(POMS-SF) 

-0.33 (-0.42, -0.25) < 0.00001 

Follow up time  0.35 (-0.29, 0.99) 0.28 

   

R-squared 0.68  

AIC 2444.8 

 

 

Multiple logistic regression  

Age at treatment 0.96 (0.90, 1.02) 0.18 

Sex (female) 1.12 (0.41, 3.07) 0.82 

Education 0.91 (0.70, 1.18) 0.48 

Smoking 1.03 (0.41, 2.59) 0.95 

Radiation dose 1.00 (0.99, 1.001) 0.51 

Chemotherapy  0.85(0.21, 3.33) 0.81 

Physical fatigue (MFI 
scale) 

0.88 (0.75, 1.03) 0.12 

Reduced activity (MFI 
scale) 

1.11 (0.95, 1.29) 0.19 

Mental fatigue (MFI scale) 1.32 (1.15, 1.51) 0.82 

General fatigue (MFI 
scale) 

1.11 (0.94, 1.29) 0.23 
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Reduced motivation (MFI 
scale) 

0.88 (0.74, 1.05) 0.15 

Total mood 1.04 (1.02,1.06) 0.26 

Follow up time  1.05 (0.88, 1.26) 0.60 

   

R-squared 0.44  

AIC 179.66  

 

Stepwise selection approach was implemented in both the linear and logistic 
regression. Model comparisons alongside their degree of freedom, AIC, chi-
square values and deviance was undertaken and final model with the lowest AIC  
was selected. The result from final model is presented in Table 4 below. 

 

Table 4. Results from final NCC  regression model 

Multiple linear regression  

NCC Co-efficient (95%CI) P value 

Total mood  disturbance 
(POMS-SF) 

-0.32 (-0.41, -0.24) <0.001* 

Mental fatigue(MFI scale) -2.59 (-3.06, -2.11) <0.001* 

General fatigue(MFI scale) -0.75(-1.34, -0.17) <0.05* 

Physical fatigue(MFI scale) 0.65 (0.15, 1.15) <0.01* 

Age at treatment  0.11 (-0.09, 0.30) 0.28 

Education  0.06 (-0.81, 0.91) 0.90 

Sex (female) -2.72 (-6.18, 0.74) 0.12 

   

R² 0.670  

 AIC 2428.5 
 

 

Multiple Logistic regression  

NCC Odds ratio  (95%CI) P value 

Total mood disturbance 
(POMS-SF) 

1.04 (1.02, 1.06) < 0.001* 
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Mental fatigue (MFI scale) 1.31 (1.14, 1.49) <0.001* 

General fatigue (MFI scale) 1.08 (0.93, 1.25) 0.34 

Physical fatigue (MFI scale) 0.93 (0.80, 1.07) 0.28 

Age at treatment  0.97(0.92, 1.03) 0.29 

Education  0.93 (0.72, 1.19) 0.55 

Sex (female) 1.04 (0.39, 2.76) 0.93 

   

R² 0.39  

 AIC 170.56  

*statistically significant p<0.05 

 

ACS ( NCF) 

The Z-score for Box tapping (dependent variable) is measured as a continuous 
outcome for the linear regression and the deficit across all domains (dependent 
variable) is measures as binary outcome for the logistic regression. The 
independent variables included in the NCF model are age at diagnosis, 
smoking(yes or no), radiation dose, chemotherapy (yes or no), physical fatigue, 
reduced activity, mental fatigue, general fatigue, reduced motivation, total mood 
and follow up time. The coefficient of all variables included in the model before 
the stepwise selection approach was implemented is presented in table 5 below: 

 

Table 5. Coefficient of all variables explored in NCF regression analysis  

Multiple linear regression  

NCF Co-efficient (95%CI) 
 

P value 

Age 0.29 (-2.20, 2.78) 0.24 

Smoking -0.022 (-0.06, 0.01) 0.61 

Radiation dose 0.00 (0.00, 0.0001) 0.19 

Chemotherapy  -0.27(-1.31,0.76) 0.61 

Physical fatigue (MFI 
scale) 

0.04 (-0.07, 0.16) 0.46 
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Reduced activity (MFI 
scale) 

-0.005 (-0.13, 0.12) 0.94 

Mental fatigue (MFI scale) 0.06 (-0.04, 0.15) 0.23 

General fatigue (MFI 
scale) 

-0.005(-0.09, 0.10) 0.92 

Reduced motivation (MFI 
scale) 

-0.08 (-0.03, 0.05) 0.23 

Total mood disturbance 
(POMS-SF) 

-0.02 (-0.04, -0.002) 0.03 

Follow up time  0.04 (-0.08, 0.16) 0.57 

   

R-squared 0.16  

AIC 276.96  

Multiple logistic regression  

NCF  Odds Ratio (95% CI) P value  

Age 1.02 (0.95, 1.09) 0.58 

Smoking 1.53 (0.54, 4.29) 0.42 

Radiation dose 1.00 (1.00, 1.00) 0.63 

Chemotherapy  2.03(0.25, 16.30) 0.52 

Physical fatigue (MFI 
scale) 

0.90 (0.71, 1.12) 0.34 

Reduced activity (MFI 
scale) 

0.97 (0.76, 1.22) 0.78 

Mental fatigue (MFI scale) 0.88 (0.73, 1.06) 0.18 

General fatigue (MFI 
scale) 

1.08 (0.89, 1.32) 0.42 

Reduced motivation (MFI 
scale) 

1.26 (0.98, 1.61) 0.10 

Total mood disturbance 
(POMS-SF) 

1.02 (0.99, 1.06) 0.15 

Follow up time  0.87 (0.67, 1.12) 0.28 
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R-squared 0.14  

AIC 116.44  

 

Stepwise selection approach was implemented in both the linear and logistic 
regression. Model comparisons alongside their degree of freedom, AIC, chi-
square values and deviance was undertaken and final model with the lowest AIC 
selected. The result from final model is presented in Table 6 below 

 

Table 6. Results from final NCF regression model 

Multiple linear regression  

NCF Co-efficient (95%CI) P value 

Total mood  disturbance 
(POMS-SF) 

-0.02 (-0.04, -0.006)* <0.05* 

Mental fatigue (MFI scale) 0.04 (-0.04, 0.13) 0.36 

General fatigue (MFI scale) 0.001 (-0.10, 0.09) 0.87 

Physical fatigue (MFI scale) 0.003 (-0.07, 0.08) 0.80 

Age at treatment -0.02 (-0.05, 0.01) 0.18 

R² 0.15  

 AIC 271.35  

   

Multiple Logistic regression  

NCF Co-efficient (95%CI) P value 

Total mood  disturbance 
(POMS-SF) 

1.02 (1.00, 1.06) 0.07 

Mental fatigue(MFI scale) 0.91 (0.76, 1.08) 0.26 

General fatigue(MFI scale) 1.10 (0.91, 1.32) 0.31 

Physical fatigue(MFI scale) 1.07 (0.84, 1.13) 0.70 

Age at treatment  1.00 (0.94, 1.06) 0.53 

R² 0.11  
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 AIC 103.84  

*statistically significant p<0.05 

 

Multicollinearity:  

Multicollinearity was accessed in all the models. VIF was < 5, indicating no 
concerns for multicollinearity among the variables. 

Table 7. multicollinearity table  

Variable NCF linear NCF logistic NCC linear NCC 
logistic 

Age 1.10 1.12 1.15 1.13 

Physical fatigue 2.05 2.34 2.42 2.58 

Mental fatigue 2.27 2.29 1.90 1.44 

Total mood 2.36 2.45 2.01 1.55 

General fatigue  2.57 1.96 2.83 1.99 

Education -- -- 1.02 1.09 

Sex -- -- 1.03 1.16 
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 “Why am I still suffering?": Experience of long-term 
fatigue and neurocognitive changes in oropharyngeal cancer 

survivors following (chemo)radiotherapy 

 

5.1 Contextual background 

Cancer-related fatigue (CRF) and neurocognitive impairment significantly influence 
quality of life and day-to-day functioning in cancer survivors. While previous studies 
have predominantly focused on quantifying  the prevalence of CRF and neurocognitive 
impairment in cancer survivors, there remains a gap in understanding the subjective 
experiences of those who live with these conditions long-term. 

This chapter presents a qualitative  analysis of long-term fatigue and neurocognitive 
outcomes in patients treated for oropharyngeal cancer recruited into the mixed 
methods cross-sectional ROC-On study. The Participant Information Sheet (PIS), 
and full interview guide, are included in Appendix E.. 

This aim of this chapter is to explore the lived personal experiences of long-term 
fatigue and neurocognitive impairment in survivors of oropharyngeal cancer (OPC), 
years after (chemo)radiotherapy.  More specifically, it integrates qualitative insights 
gathered through in-depth interviews to highlight how CRF and neurocognitive 
impairments are perceived, coping strategies adopted by patients, associated  
emotional and psychological impact, and the broader implications on social and 
professional lives.  

This chapter includes  a published paper ("Why am I still suffering?": Experience 
of long-term fatigue and neurocognitive changes in oropharyngeal cancer 
survivors following [chemo]radiotherapy) that provides a nuanced understanding 
of the lived experience of fatigue and neurocognitive impairment, highlighting the 
intricate ways these late effects influence a survivor’s sense of normality.  The 
personal narratives contribute to a  holistic understanding of these late effects and 
provides clinical meaning to the quantitative data explored in previous chapters.  
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5.2 Abstract  

Background  

Late effects of cancer treatment, such as neurocognitive deficits and fatigue, can be 
debilitating. Other than head and neck–specific functional deficits such as impairments 
in swallowing and speech, little is known about survivorship after oropharyngeal 
cancer. This study examines the lived experience of fatigue and neurocognitive deficits 
in survivors of oropharyngeal squamous cell cancer and impact on their daily lives. 

Methods  

This work is part of the multicentre mixed method ROC-oN study (Radiotherapy for 
Oropharyngeal Cancer and impact on Neurocognition), evaluating fatigue and 
neurocognitive function in patients following radiotherapy +/- chemotherapy for 
oropharyngeal cancer and impact on quality of life. Semi-structured interviews were 
conducted in adults treated with radiotherapy (+/-chemotherapy) for oropharyngeal 
squamous cell carcinoma >/=24 months from completing treatment.  Reflexive 
thematic analysis performed. 

Results  

 21 interviews (11 men and 10 women; median age 58 years and median time post-
treatment 5years) were conducted and analysed, yielding six themes: (1) unexpected 
burden of fatigue, (2) noticing changes in neurocognitive function, (3) the new normal, 
(4) navigating changes, (5)insufficient awareness and (6)required support. 
Participants described fatigue that persisted beyond the acute post-treatment period 
and changes in neurocognitive abilities across several domains. Paid and unpaid 
work, emotions and mood were impacted. Participants described navigating the new 
normal by adopting self-management strategies and accepting external support. They 
reported lack of recognition of these late effects, being poorly informed and being 
unprepared. Follow-up services were thought to be inadequate.  

Conclusion  

Fatigue and neurocognitive impairment were frequently experienced by survivors of 
oropharyngeal cancer, at least two years after treatment. Patients felt ill-prepared for 
these late sequelae, highlighting opportunities for improvement of patient information 
and support services 
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5.3 Introduction  

Head and neck cancers (HNC) represent a heterogenous group of diseases and 
account for more than 660,000 new cases annually[1,2]. Carcinogenic human 
papilloma virus (HPV) has resulted in an increased incidence of oropharyngeal cancer 
(OPC) with most cases observed in patients <65 years of age and associated with a 
more favourable prognosis[3-7].  Treatment is generally multimodal, with concurrent 
chemoradiotherapy (CRT) being standard of care[8,9]. Late effects of CRT are a key 
survivorship issue.  These include permanent loss of saliva, swallow dysfunction, 
dysgeusia, lymphoedema, skin fibrosis, and neuropathy amongst other toxicities[10-
12]. Consequently, patients treated for OPC, can face years of survival with  
significantly impaired quality of life(QoL)due to late effects of curative treatment[13].  

The National Comprehensive Cancer Network (NCCN) defines fatigue as “a 
distressing, persistent, subjective sense of physical, emotional, and/or cognitive 
tiredness or exhaustion related to cancer or cancer treatment that is not proportional 
to recent activity and interferes with usual functioning”[14]. It is one of the most 
prevalent and distressing late effects of cancer treatment[15,16]. Chronic fatigue (CF) 
is fatigue lasting for six months or more [17,18]. In a cross-sectional study of patients 
with HNC, a moderate-to-severe fatigue rate of 18% at least 1 year after RT was 
reported[19]. This is high in comparison to a prevalence rate in the general population 
of approximately 0.5-1%[20,21]. Fatigue appears to remain an issue throughout 
survivorship, with a prospective longitudinal study in HNC survivors  showing ongoing 
fatigue from 1 to 5 years of follow-up, without demonstration of recovery[22].  

During head and neck radiotherapy (RT) normal brain tissues may receive a low 
radiation dose, and this could have a detrimental effect on neurocognitive function[23-
25]. Several small retrospective HNC series report neurocognitive dysfunction within 
2 years of treatment[26-28]. Observed cognitive decline appears to persist >5 years 
post-treatment[29-31] and memory problems, fatigue, anxiety and reduced QoL  are  
reported in HNC survivors[30-37]. These studies are limited by small sample sizes, 
heterogeneity of HNC patients sampled or a sole focus on nasopharyngeal cancer. 
Furthermore, neurocognition was often assessed using screening tools which lack 
sensitivity and domain-specific information. In addition, previous studies have mostly 
had quantitative methodology[37], which although valuable, lacks contextual 
information on how late effects may impact on patients’ everyday lives. 

To obtain greater insight into patient quality of life, ROC-oN (Radiotherapy for 
Oropharyngeal Cancer and impact on Neurocognition reference 22/WM/0207), a 
mixed method cross sectional study evaluating fatigue and neurocognitive function in 



 
144 

 

 

patients following RT +/- chemotherapy for OPC and impact on QoL was carried 
out.Here, we report on the qualitative arm of ROC-oN performed to gain a better 
understanding of survivors’ perspectives and experiences. 

 

5.4 Methodology  

5.4.1 Study design  

This qualitative investigation is part of a larger multicentre study, approved by the West 
Midlands Research Ethics Committee in October 2022 (22/WM/0207). The full study 
involved patients with OPC being invited to complete a quantitative survey and an 
online unsupervised cognitive test battery, after which a subset of participants were 
invited for qualitative interviews. Here, we report on the qualitative findings only. We 
used semi-structured interviews and thematic analysis, supported by a reflexive 
approach[38-40].  

 

5.4.2 Setting and participants  

Patients treated for OPC with primary RT (+/-chemotherapy) in Leeds Cancer Centre 
or The Christie NHS Foundation Trust from 2010-2020, with ≥24 months follow-up and 
disease free at time of recruitment, were identified from existing institutional databases 
and sent postal invitations. Exclusion criteria were inability to consent, limited English 
language proficiency, surgery prior or after RT.  

Following completion of quantitative data collection, participants indicated their 
willingness to be contacted for interview. To strike a balance between meaningful 
representation and resource constraints, approximately 10% of the total study 
participants were approached. Convenience and purposive sampling techniques were 
adopted to obtain a varied participant sample by age (at treatment and time of study), 
tumour subsite (e.g., tonsil, base of tongue), Tumour-Node-Metastasis (TNM) staging, 
HPV status, time interval since end of treatment, level of education and employment 
status. 

Interviews were conducted March to June 2023. Verbal and written study information 
was provided and written or recorded verbal consent was obtained. 
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5.4.3 Data collection  

Interviews were conducted by telephone or online video platform, dependent on 
participant preference. Interviews were semi-structured, exploring fatigue and 
neurocognition since treatment and other late effects.  

Neurocognitive deficits referred to impaired ability to pay attention, concentrate, 
remember, follow conversations, multitask and/or a general sense of limitations in 
linguistic and arithmetic capabilities[41]. The NCCN definition of fatigue was 
adopted[14]. As both are multidimensional constructs, there is some overlap between 
the emotional and cognitive aspects of fatigue and neurocognitive function, and fatigue 
will impact on neurocognitive performance. For the purpose of this study, 
emotional/cognitive fatigue was considered a psychobiological state caused by 
demanding neurocognitive tasks, presenting as a feeling of tiredness, lack of energy, 
decreased motivation and alertness[42,43], while physical fatigue referred to the 
physical sensation of tiredness and impact of fatigue on physical activity[14,44].  

Interviews were conducted with participants one-to-one by one of two researchers 
with different backgrounds (ZIE a clinician and EN a sociologist and experienced 
qualitative researcher). An interview guide  was used. The Participant Information 
Sheet (PIS), and full interview guide, are included in Appendix E. 

Reflective notes were made after interviews and regular discussions held within the 
research team. 

 

5.4.4 Data analysis  

Data collection was completed when theoretical saturation was achieved and sufficient 
depth of understanding attained in order to address the research questions[45]. 
Interviews were transcribed verbatim and analysed using reflexive thematic 
analysis[38,39] taking into account our role as researchers in the study. The study 
employed a paradigmatic framework of interpretivism and constructivism. We aimed 
to explore patients subjective experience of fatigue and neurocognitive abilities after 
OPC treatment, whilst acknowledging the importance of researcher influence in such 
interpretations. No specialised qualitative software was used.   

All transcripts were read and then coded (ZIE), with coding being inductive to fully 
understand participant experiences but also deductive to find data to address the 
research objectives. Initial codes were subsequently categorised into potential sub-
themes and themes (coding summary table in supplementary information 2) and 
coding regularly discussed with research team (EN, FB, LM).  
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A second coder (EN) was used to sense-check ideas and explore multiple 
assumptions or interpretations of the data[38-40], thereby developing richer 
interpretations of meaning, instead of striving to achieve consensus of meaning. 

 

5.5 Results  

A total of 257 ROC-oN study participants expressed an interest in being interviewed, 
of whom 33 were approached and 21 were interviewed (Table 1 shows participant 
characteristics). Interviews took on average 52 minutes (range 41-70). 11 men and 10 
women participated, median age was 58 years and median time post-treatment was 
5 years (inter quartile range 4-8). All participants received CRT. Interviews produced 
six themes with sub-themes, as discussed below.  
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Table 5-1 Participant characteristics 

Participant 

number 

Sex Age  Time since 

EOT 

Sub-Site  TNM 

(8) 

HPV Working Education 

1 M 66 5yrs Tonsil T1N2a - No-retired A level 

2 F 50 5yrs BOT T4N1 + - Diploma 

3 F 61 3yrs Tonsil T1N2 + No-retired  NVQ 

4 F 58 3yrs Tonsil T1N1 + Yes-full time NVQ 

5 F 66 5yrs Tonsil T2N1 + No-retired  School 

6 M 50 3yrs Tonsil T1N1 - Yes-full time Diploma 

7 F 59 9yrs BOT T2N2 + No-statutory 

sick pay 

School  

8 M 71 5yrs Tonsil T3N0 + Yes-self 

employed 

School 

9 M 58 4yrs Tonsil T3N1 + Yes-full time  6th Form 

10 F 52 9yrs Tonsil T2N2 + Yes -full time Degree/Highe

r education 

11 M 58 5yrs Vallecula T2N2 + No-cannot 

work 

Degree/Highe

r education  

12 M 62 3yrs Tonsil  T1N2 + Yes-part time  A level 



 
148 

 

 

13 M 72 6yrs Tonsil T4N2 + No-retired  GCSE 

14 F 65 5yrs Tonsil T3N0 - Yes-part time  A level 

15 M 51 8yrs BOT T3N0 + Yes-full time  NVQ 

16 F 72 11yrs Tonsil T2N1 - No-retired No formal  

17 F 61 4yrs Tonsil  T1N1 + No-retired GCSE 

18 F 56 9yrs Tonsil T4N0 - No-retired due 

to ill health 

Foundation 

degree 

19 M 47 4yrs Tonsil  T2N1 + Yes-part time - 

20 M 64 5yrs BOT T2N1 + No-due to ill 

health  

A level 

21 M 61 8yrs Tonsil T3N2 + Yes-full time  No formal  

Base of Tongue (BOT), Tumour Node Metastasis (TNM), Human papilloma virus (HPV), End of treatment (EOT), National Vocational Qualification (NVQ), 

General Certificate of Secondary Education (GCSE), Working >30hours/week (full time), Working <30hours/week (part time), Advanced Level Qualification (A-

level)
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Unexpected burden of fatigue: “I did not expect to still feel quite so tired now at 2-3 
years down the road” 

Participants all experienced fatigue during and/or in the weeks after RT. For most this 
was incapacitating and like no previous experience. Fatigue gradually improved 4-6 
months post-treatment but for some, fatigue persisted for several years.  In most 
participants with CF, it was mild to moderate, however, in a few cases fatigue was 
severe. Irrespective of the degree of CF, participants did not confuse this with normal 
tiredness and reported they never returned to baseline (table 2, section A, Comment 
2). 

Whilst acute fatigue appeared present more in the physical domain, CF appeared most 
in the dimension of emotional/cognitive fatigue, often described as “brain fog” or being 
“fuzzy headed” (table 2, A4 &5). One participant described being more physically 
active and going to the gym but being burdened by a lack of “emotional connection”, 
leaving them unable to commit to work or pursue career progression. Other 
participants expressed difficulty in finding motivation to take on complex tasks at work, 
leading on workplace projects and struggling with working on a computer. 

Participants with CF post-treatment were unsure what to attribute symptoms to. They 
felt fatigue could be due to aging, fluctuating hormone levels, or hypothyroidism. 
Participants thought getting older might have caused some decline in endurance and 
energy levels and female participants also mentioned normal physiological endocrine 
changes such as menopause could impact fatigue. Yet, participants were not 
convinced these factors fully explained their CF and questioned if it could be due to 
their OPC treatment (table 2, A6) 

 

Noticing changes in neurocognitive performance: “Is it just me? Why am I doing 
this, what’s going on here?” 

Some participants reported noticing unexplained changes in neurocognitive 
functioning after the first-year post-treatment which became more apparent in the 
longer term (table 2, section B, comment 2).  One participant reported experiencing 
neurocognitive deterioration within the first few weeks of treatment completion.  

Amongst participants, change in neurocognitive performance was noticed across 
several domains. Memory was the most commonly and most severely affected 
domain. This was mild for most participants: they expressed they struggled to 
remember names of people, items in a food order or occasional appointments. 
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However, for some, severe memory issues were described, e.g., being unable to 
remember people they had known for over a decade (table 2, B5). Most participants 
expressed issues with ‘short-term’ memory, struggling to recall facts shortly after 
information had been received.  

Attention, especially sustained attention, was another commonly affected domain, with 
participants struggling to concentrate on simple tasks such as responding to telephone 
messages, watching a film, or reading a book. Changes in processing speed were 
reported as well: taking onboard information, processing it, and reaching a decision 
was much slower than pre-treatment (table 2, B8). Participants also reported 
impairment in planning skills when taking part in handiwork.  

In one participant who reported no visual problems, impaired spatial awareness was 
suggested, with a lack of awareness for “danger or space” expressed. This led to an 
accident in which the participant sustained significant physical injury.  It is possible 
that this could be linked to impaired memory of spatial information.
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Table 5-2 Themes, sub-themes, and illustrative quotes 

Themes Sub-theme Illustrative Quotes  

A. UNEXPECTED BURDEN OF PERSISTENT 
FATIGUE  

Fatigue persisting beyond 
acute period 

1. “I just feel very tired ……I've tried not to go on 
about it, but it is a problem, yes” [Participant 14, 
female, 65yr].  

 

2. “tiredness and fatigue are two different 
things…. everybody gets tired from time-to-
time, and you either take a day off or you have 
a bit more sleep, but fatigue it’s just a totally 
different animal” [Participant 12, male, 62yrs].  

 Types of fatigue experienced  3. “I felt drained… I have never experienced such 
a lack of energy, to the extent where I rang one 
of my sons up…and said, oh, will you turn the 
music on please, and the Christmas lights on, 
which he could do remotely, I just couldn't get 
off the sofa to do that” [Participant 9, male 
58yrs] 

 

4. “a lot of it is memory-related and kind of brain 
power” [Participant 9, male, 58yrs]  
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5. “I have the foggy days, foggy days, the foggy 
times when I’m tired” [Participant 4, female, 
58yrs].  

 Causative uncertainty  6. “they thought I have going through my mind is, 
is part of this just normal getting a little bit older 
or is this partly because of the treatment and I 
honestly don’t have the answer to that” 
[Participant 6, male, 50yrs] 

 

7. “I recognise that I do get a bit tired, and I guess 
it’s difficult because obviously since treatment 
I’ve gone through the menopause, ……. the 
more time goes on I probably relate it less to 
treatment and more to life in general, 
menopause and those sort of things” 
[Participant 2, female, 50yrs] 

 

8. “managed to eventually get diagnosed with an 
underactive thyroid, [got] on Thyroxine, and 



 
153 

 

 

gradually.......started feeling better” [Participant 
19, male, 47yrs].  

B. NOTICING CHANGES IN 
NEUROCOGNITIVE PERFORMANCE 

Timing of neurocognitive 
changes  

 

1. “my nervous system somehow, I don’t feel as 
robust as it was, but …. I don’t have the 
evidence for that” [Participant 15, male, 51yrs  

 

2. “I wouldn’t say it was at the beginning…. I would 
say from like that second year onwards 
probably when I was slightly back to normal, I 
probably recognised it then more” [Participant 
2, female, 50yrs]. 

 

3. “It was pretty quick to be honest, it was within I 
would say a month or two that I realised that I 
couldn’t work as quick as I do, so it was very, 
very quick” [Participant 12, male, 62yrs ]. 

 Affected Domains  

(memory, attention, and 
processing speed) 

4. “my memory got bad, even simple tasks……. I 
couldn’t remember to make an appointment, 
even though I made it I didn’t remember that I’d 
made it… I’ll read something and forget what 
I’ve read” [Participant 10, female, 52yrs]. 
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5. “even though I’d known them for 12 years I 
didn’t know their names anymore” [Participant 
21, male, 61yrs] 

 

6. “my memory has been very much affected, 
particularly the short-term memory more so 
than the long-term memory …. people would 
give you information, and which you needed to 
recall in, you know, a few minutes after that, 
you’d think “what they said again?”” [Participant 
18, female, 56yrs] 

 

7. “I find it difficult enough to read a text message 
and to stay focused on it long enough to make 
the relative reply” [Participant 11, male, 58yrs].  

 

8. “taking onboard the information, processing 
that and getting to the decision as quick as I 
need to is not where I should be really” 
[Participant 12, male, 62yrs]. 

 



 
155 

 

 

9. “I have found just recently, and this is probably 
within the last 12 months, I’ve sort of, I’m not 
aware of danger or space, I know this will sound 
ridiculous, but I’ll do something and ……. then 
I’ll turn round, and I’ll just knock it flying and I’ll 
think, well I’ve just done that, how couldn’t I 
remember I feel, that I sort of, I’m not aware of 
danger or space” [Participant 16, female, 72yrs] 

C. THE NEW NORMAL Employment and paid work  1. “I made the choice not last year, the year before, 
…. I’d go part-time” [Participant 19, male, 47yrs] 

 

2. “now I think my best bet is to have a job where I 
can work from home, where I can rest when I need 
to, but I still do my job” [Participant 10, female, 
52yrs] 

 

3. “I ended up being ill health retired from my role at 
work, and I haven't worked since…... it’s eight 
years now.” [Participant 18, female, 56yrs].  

 

4. “I’ve familiarised with people and the graphics 
again, I’m doing the same job all the time which I 
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requested to do, …. so, I can sort of like become 
familiar with me routes, the people I’m dealing with 
and so on and so forth” [Participant 21, male, 
61yrs]. 

 

5. “I had to change the deployment room that I was 
working in,... rather than make a mistake” 
[Participant 12, male, 62yrs] 

 

6. “I'm having to double check and double check 
work, which is time consuming and frustrating”. 
[Participant 9, male, 58yrs] 

 

  

Leisure and social function  

 

7. “it’s really taken the joy out of what I wanted to do, 
and which was something of a pleasure, as it’s 
really challenging”. [Participant 19, male, 47yrs] 

 

8. “I just don't want to do anything. I just……lack 
confidence. I don't drive anymore” [Participant 18, 
female, 56yrs].  
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9.  “meeting friends, I might not have the energy, 
…… so I kind of tend to withdraw at these times 
and it's like I become really unsociable, even 
though I'm not”. [Participant 14, female,65yrs] 

 

 Mood and emotions  10. “I’m more anxious than I used to be about things 
and making sure things are in place and things are 
right” [Participant 4, female, 58yrs]. 

 

11.  “the frustrating part was I was very sharp; I was a 
manager. I was in charge, I used to run things, I 
was always in control, and I’ve gone from 
[one]extreme to the other.” [Participant 21, male, 
61yrs ] 

 

12. “you just learn to manage around it, don’t you, …. 
you can’t be mended so you just have to get on, 
don’t you”? [Participant 4, female, 58yrs] 

 

13. “I’m not massively worried about it but I am a bit 
mindful of it in case it gets any worse, …. I 
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remember thinking, I don’t think I was this bad at 
this before” [Participant 6, male, 50yrs]. 

D. NAVIGATING CHANGES Self-management and 
coping  

 

1. “Try and split your day up a little bit, instead of 
trying to do everything in one go…… Sleep 
when you need to and don’t be upset about it 
and don’t be worried about what other people 
think.” [Participant 3, female, 61yrs].  

 

2. “I just slowly work through it, ….and if I have 
found things difficult, I’ve asked for the extra 
time to do it” [Participant 14, female, 65yrs]. 

 

3. “Dividing work a bit more and not taking as big, 
such a big slice of work…… “I’m like just do one 
thing at a time, ………. just stop and do one 
thing” [Participant 6, male, 50yrs]  

  

4. “I make a lot of lists of things. I use my phone 
for lists, I use pen and paper for lists, ….to 
make sure I’m keeping myself on track because 
I can forget things very, very easily” [Participant 
6, male, 50yrs]. 
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5. “it’s very important that I eat at the right times, 
you know at the right intervals, ……. otherwise, 
my mind sort of, well I think my head’s not as 
focused”. [Participant 15, male, 51yrs]. 

 Social support (family and 
work colleagues) 

 

6. “I get a lot of support at work, I’ve got like a PA 
now that helps me to do all the admin and stuff, 
…………they accommodate me by saying “oh 
well we know that you need support”” 
[Participant 10, female, 52yrs].  

 

7. “I’ve got a very understanding team and they’re 
brilliant, but you can’t… in that sort of world you 
can’t expect people to make allowances for too 
long” [Participant 12, male, 62yrs] 

 

8. “I utilise my wife as much as I can [laughs]” 
[Participant 9, male, 58yrs].  

E. INSUFFICIENT AWARENESS 

 

Late effects 

 

1. “When I think about what the effects afterwards, 
that probably had more impact on me than the 
actual treatment” [Participant 2, female, 50yrs]. 
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2. “I think the positive attitude is [key], but people 
are different and people …. I don’t know how 
you make somebody positive when it is a pretty 
dire situation…… [Participant 1, male, 66yrs] 

 Unprepared  

 

3.  “I had no idea the impact long-term. you’ve got 
no idea what’s coming really, …… I could have 
never in my wildest dream[imagine], the impact 
it has on your life” [Participant 16, female, 
72yrs].  

 

4. “I was aware, but I didn’t realise that it[fatigue] 
will last this long if you know what I’m saying? I 
just thought it would be like maybe for the first 
couple of years and then you’d probably get 
back to normal, but I’ve never been the same 
since the treatment” [Participant 10, female, 
52yrs]. 

 

5. “There was lots about the physical symptoms, 
the fatigue, the beard falling out, the skin, …. 
but I would say I don’t think it was mentioned 
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that cognition would be potentially changed, or 
memory would be impacted” [Participant 6, 
male, 50yrs] 

 

6. “that [neurocognitive deficit] had never been 
mentioned, in fact the side-effects of the 
radiotherapy really didn’t get discussed in great 
detail apart from, you know, it’ll hurt your throat 
a bit” [Participant 8, male, 71yrs]. 

 

 Importance of good 
information provision  

 

7. “You know, we’re still three, four, five years on 
and you’re still suffering. I only got signed off 
September last year. But, at the end of the day, 
throughout all those five years, you have 
ongoing issues through diet, some people have 
fatigue, etc. They do play it down slightly” 
[Participant 13,male, 72yrs]. 

 

8. “I mean obviously you don’t want to think things 
will change more but if it was within the list of 
my things that were given to me as this may, 
you know, like you will, you will have a dry 
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mouth, you will struggle more harder with 
swallowing some foods, you may have 
cognitive problems in the future. Then at least 
you can prepare yourself a bit for it, I think” 
[Participant 4, female, 58yrs] 

 

9. “To recognise that it [neurocognitive changes] 
is normal, again you’re not losing your marbles. 
And I think just to try and to focus on ways that 
you can get round it and help……. to be aware 
of that and to perhaps, to think about strategies 
at that time would probably be useful” 
[Participant 2, female, 50yrs] 

 

10. “since that letter come through the post 
[invitation to participate in the ROC-oN study] 
…...[saying] the people who have maybe had 
this treatment maybe could have had this 
[neurocognitive impairment]. Since they’ve all 
read the letter and it’s there in black and white, 
[they have] been completely understanding. It’s 
been a blessing, really” [Participant 21, male, 
61yrs]. 
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F. REQUIRED SUPPORT  Seeking support   

 

1. “you don’t want to burden your family and talk, 
after a couple of years you try and pretend 
everything’s fine …. after all this time it’s part of 
my life, it’s my normal but I don’t talk about it 
because, you know, your family don’t want to 
listen to it, they’re fed up with hearing or, you 
know, you just pretend everything’s fine, so it’s 
a tough one really” [Participant 16, female, 
72yrs] 

 

2. “It’s difficult to talk to GPs about something like 
this because it’s not their specialism. You need 
someone who kind of…Who gets it” [Participant 
8,male, 71yrs]. 

 

3. “No, I didn't really think that it would be 
recognised, you know, erm… because I think it 
should be, but I don't even think doctors are 
fully aware of, you know, the aftereffects, and I 
think that's where the problem stems from, 
because it actually puts you off going to see the 
doctor” [Participant 14, female, 65yrs ]. 
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 Unsatisfactory Long-term 
follow-up  

 

4. “I think there's not a great deal of support 
afterwards for head and neck cancer patients” 
[Participant 18, female, 56yrs].  

 

5. “And it was actually Macmillan who got my last 
lot of appointments because I hadn’t seen the 
specialist for a year, I hadn’t been able, when I 
speak to him about anything he just says “oh 
it’s normal, you’ll have it for the rest of your life, 
nothing you can do about it” ….....he’s not 
interested, he doesn’t care how I feel, he just 
wants to know if it’s come back and if they can 
give me more treatment”[Participant 11, male, 
58yrs]. 
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The new normal: “work has certainly changed, and I get kind of concerned” 

Participants who returned to employment after treatment reported fatigue was 
exacerbated by the demands of work and neurocognitive changes made work 
challenging. For example, participants described not being able to go over work emails 
quickly, having to double check their work several times and struggling to deal with 
high level and load of information (table 2, C4&6). This consequently often translated 
to a change in work pattern (going part-time) and, in some cases a change in job role 
(i.e., stepping down from managerial roles). For a few participants despite 
modifications to work pattern and job role, they described being  to cope with the 
physical and psychological demands of work and were unable to retain employment 
(table 2, C3). Some participants stated, re-learning relevant activities and skills 
fostered a feeling of competency despite impaired neurocognitive performance. 

Participants said neurocognitive changes negatively influenced engagement with 
hobbies and interests (e.g., reading, handicrafts). Instrumental activities of daily life 
such as driving, which were effortless pre- treatment, became difficult for some. 
Relationships with family and friends were reported to suffer strain in some cases, 
leading to social isolation (table 2, C9). 

Participants also linked impairment in neurocognitive function and fatigue to low mood 
and anxiety. Sometimes this exacerbated anxiety around cancer recurrence. Inability 
to perform at a desired level led to frustration, however some participants maintained 
a positive attitude and persevered. Participants wanted to be aware and keep track of 
further neurocognitive changes. 

 

Navigating changes: “I have learnt to manage what I have to do in my own way”   

To manage memory issues, keeping notes, making lists and routines were the most 
favoured strategies reported by participants.   These memory aids appeared sufficient 
for participants with mild memory loss. To self-manage cognitive fatigue and 
neurocognitive deficits, participants also expressed they had to take rests or move 
through the day at a slower pace. In addition, for some, dividing tasks to optimise 
participation in desired daily life activities and a different approach to organising tasks 
was required with more mentally taxing tasks done in the morning (tabl2 2, section D, 
comment 1-3). Some participants also highlighted adopting healthy eating habits as a 
strategy to manage fatigue. 
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Most participants with CF or neurocognitive changes described receiving support from 
work colleagues and that this was vital to remaining in employment. Many expressed 
increased reliance on family (table 2, D8). Participants were grateful for their family’s 
understanding and support, but also aware of some loss of independence and feeling 
like an additional burden on their family. 

Some participants expressed a positive outlook, and this positive psychology had 
significant impact on how they managed late effects and promoted proactive measures 
to protect health. 

 

Insufficient awareness: “Six years down the line, this is why I am thinking why am I 
still suffering? I wish they had told me it would be as long-term as it is” 

Participants experienced a wide range of physical late effects from treatment 
(supplementary table 2), to varying degrees. These late effects presented difficult 
challenges to participants, e.g., impaired salivary gland function, problems with 
swallowing and oral pain served as a daily reminder of treatment, impacting physical 
nutritional needs, making eating an obligation and impacting negatively on social 
aspects of eating.  

Many participants described being generally unprepared for the late consequences of 
treatment (table 2, section E, comment 3). Fatigue was mentioned but not emphasised 
during the pre-treatment consent process, making it easy to underestimate its long-
term impact. One participant recalled chemotherapy-related brain fog was mentioned 
but others had no recollection of long-term changes in neurocognition being mentioned 
as a potential late effect(table 2 , E5). This meant many had to source information for 
themselves on the internet.  

Participants said they would like to have been better informed and equipped to 
recognise the late effects they are at risk of developing (table 2, E8&9). They 
expressed being more informed of CF and possible neurocognitive changes would 
validate their experience, allow better preparation, adoption of self-care behaviour, 
and ultimately help them cope more efficiently. Participants also felt being informed 
prior to treatment of such potential late effects prior would mean family/carers could 
identify, understand, discuss, and better support them if changes in neurocognitive 
abilities were to develop. 
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Required support: “just a waste of my time and their time, that’s reality” 

The desire to seek support for late effects (supplementary information 3) was in some 
cases hindered by expectations participants felt they needed to meet. Some felt 
pressured to have moved on from their cancer diagnosis and be fully recovered from 
their treatment. Participants felt fatigue or neurocognitive changes were not priorities 
at follow-up visits with health professionals, with the focus being mostly on potential 
cancer recurrence and better known physical late effects such as dry mouth or 
swallowing problems. Participants expressed their impression of healthcare 
professionals having a poor understanding of, or interest in, fatigue and neurocognitive 
changes (table 2, section F, comment 3). This made them feel doubtful healthcare 
professionals could help with these issues. In this respect, most participants did not 
feel the support offered during follow-up was adequate (table 2, F4). Difficulties getting 
appointments (the further out from the treatment they were), and the quality of 
consultations were criticised.  

Some participants did find support groups valuable, allowing honest conversations and 
helping to validate their experiences and emotions, thus providing a feeling of 
reassurance.  

 

5.6 Discussion  

The experience of late effects following treatment for OPC is diverse and there is 
limited data on neurocognition and fatigue in an OPC-only cohort. This is the first study 
to qualitatively investigate OPC survivors’ experiences of CF and self-perceived 
change in neurocognitive abilities.  

Findings suggest OPC survivors experience fatigue which persists into long-term 
survivorship. Although the precise pathophysiology behind CF following cancer 
treatment remains unclear, inflammation, depression, impaired sleep, comorbid 
conditions, or other late effects are implicated as contributory factors[18,46-48]. Yet, 
similar to other cancer groups and in contrast to international guideline 
recommendations[49], OPC survivors’ fatigue is not routinely assessed or managed 
in practice.  

In this study, participants experienced severe physical fatigue in the immediate post 
RT period, with this subsiding as acute RT effects settled. Beyond this timeframe, 
emotional/cognitive fatigue emerged as the more affected domain in participants with 
CF. In a review which assessed the multiple-symptom concept of fatigue in a cancer 
cohort, physical fatigue was reported to increase during anti-cancer therapy, 
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decreasing significantly afterwards[44].That said, the longitudinal course of emotional 
and cognitive fatigue is less certain, with contradictory findings reported[44]. Emotional 
and cognitive fatigue in participants usually presented with difficulty concentrating. 
Similar to patients with chronic fatigue syndrome[50], emotional and cognitive fatigue 
could be an important correlate of cognitive impairment in OPC survivors, 
corroborating the multifactorial and multidimensional  nature of these constructs, with 
overlapping elements.  

Participants self-reported neurocognitive complaints several years post-treatment. 
Several domains of functioning were affected in our sample: attention/concentration, 
processing speed and especially memory. Subjective assessment of short-term 
memory by participants was in keeping with impairment in working memory. Working 
memory, which has been widely studied, refers to short-term maintenance of 
information in the absence of sensory input, and plays a vital role in guiding complex 
cognitive behaviour[51]. A previous study attributed perceived neurocognitive 
functioning as an important predictor of communicative outcomes in HNC 
survivors[33]. The current finding expands further on how attention, memory, and 
problem-solving affect functioning across several aspects of daily life, including limiting 
the capacity to return to work following non-surgical treatment. A Finnish study of a 
heterogenous group of cancer survivors (not including HNC), found 19% reported 
deterioration in mental work ability[52]. Paid work is known to boost an individual’s 
financial, social  and  psychological health[53] and is an important component of  
QoL[54]. In this study, support from employers played a vital role in being able to return 
to work successfully and retain employment in the same job role as pre-treatment.  
Our data also showed neurocognitive impairment threatened social participation, 
leisure activities, emotional equilibrium and mood.  

Compensatory strategies were self-developed by participants and applied to everyday 
life. These included memory aids, adopting a slower pace for demanding tasks and 
relearning, which are integrated coping mechanisms. Retraining, which is the repeated 
practice of tasks, and compensation, which is focusing on learning new strategies and 
alternative means to improve daily functioning, form an integral part of cognitive 
rehabilitation programmes[55]. This has been used successfully to improve 
neurocognitive outcomes in stroke, traumatic brain injury and brain tumour 
patients[56-59]. Participants also relied on physical and psychological support from 
carers. However, they reported being reluctant to seek assistance to avoid burdening 
caregivers. Current late effect follow-up services were reported as providing 
inadequate support for neurocognitive problems and fatigue.  
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Similar to other studies in cancer patients, there is a perceived lack of adequate 
information exchange, with improved pre-treatment counselling and information 
dissemination regarding chronic fatigue and the possibility of neurocognitive 
impairment being required[60-62]. For many participants, their experiences differed 
significantly from their expectations.  In an online survey of 403 US patients treated 
with RT  the greatest divergence between pre-treatment expectations and toxicity from 
cancer treatment related to energy levels, particularly following multimodality 
therapy[60]. Increased awareness  of neurocognitive dysfunction and fatigue, could 
aid the  emotional adjustment of survivors living with these issues and help families 
understand limitations in what survivors can and cannot do as well as before[63].  

 

This study has limitations. First, all participants received CRT, and our findings may 
not reflect the experiences of patients treated with RT alone. However, it is important 
to recognise qualitative studies do not aim to produce generalisable findings. Second, 
we asked long-term survivors to reflect on their whole cancer trajectory, hence there 
may be some recall bias. This investigation is also limited to patient perspectives only.    

Despite these limitations, this study has several strengths. We focused on an OPC-
only cohort, which is under-researched. Qualitative methodology allowed us to explore 
in-depth, the experience and impact of fatigue and neurocognitive changes. It 
highlights the impact of these changes on personal health, relationships, work, sense 
of security and social belonging.  

Results of this study could enhance patient understanding and increase clinician 
awareness of the potential risks of post-radiotherapy neurocognitive issues and 
fatigue. Going forward these risks should be integrated into informed treatment 
decision-making. Neurocognitive and fatigue assessments should ideally be 
incorporated into routine follow-up protocols to allow timely intervention, if required. 
Future research could evaluate the impact of coping strategies, long-term support 
programs and interventions for managing or mitigating these issues, all with the 
ultimate goal of optimising quality of life in OPCSs. 

 

5.7 Conclusion  

This study provides valuable insight into survivors’ experience of fatigue and 
neurocognitive changes following RT for OPC. Emotional and cognitive fatigue were 
most affected, along with cognitive complaints across several domains, with a likely 
strong correlation between these late effects. Increased awareness of neurocognitive 
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impairment and fatigue as survivorship issues is required.  Recognition of these long-
term effects has the potential to improve support services and QoL. 

 

 

5.8 Supplementary  

Interview guide  

See appendix D for ROC-oN interview guide  

Summary of interview codes  

 Sub-theme Code 

 

Unexpected 
burden of 
fatigue 

When was fatigue first 
noticed  

 

While having treatment  

  Immediately after treatment 

 Fatigue persisting 
months beyond treatment  

Months after treatment still felt fatigued  

  Severity and experience of persistent 
fatigue 

 

  Impact of fatigue on daily life 

 

 Perceived causes of 
persistent fatigue  

Perceptions around possible causes of 
symptoms- age, menopause, thyroid 
problems, treatment  

 

  Factors influencing fatigue- exacerbated 
by work  
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Neurocognitive 
changes 

Timing of observed 
neurocognitive changes  

Cognitive changes not noticeable right 
away but became more apparent in long-
term  

  Neurocognitive changes persisted 

 

 Type of neurocognitive 
changes/domains 
affected 

Concentration/attention 

 

  Processing speeds/word finding 

 

  Memory 

 How neurocognitive 
changes affect daily life 

Performance at work hindered  

 

  Social interaction with family and friend 
negatively impacted  

  Leisure activities affected– hobbies not as 
fun anymore and even simple things feels 
harder  

  Mental health affected – anxiety, low 
mood, frustration, fear experienced  

Other long-
term side 
effects 

Physical side-effects Tooth loss/Fear of tooth loss  

  Shoulder/neck pain /dystonia 

  Demyelination/myelin sheath damage 

  Neuropathy/Neuralgia 

  Hoarse/croaky voice 

  Swallow difficulties/ dysphagia 

  Burning tongue/sore mouth 

  Change in taste 
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  Problems with intimacy /sexual 
relationship 

  Extreme mucus 

  Dry mouth 

  Eating/drinking sensitivities 

  Hearing problems/tinnitus 

  Issues with balance and gait  

 Psychological side-
effects  

Anxiety/feeling low 

 

  Feelings of social isolation and social 
withdrawal 

  Affects overall health and well being  

Navigating 
Changes  

 

Coping with fatigue in the 
long-term/How fatigue 
managed  

Adaptive mechanisms- Changing 
approach to tasks (intense tasks carried 
out early, splitting up chores)  

 

  Lifestyle changes- diet, eating habits, 
rests 

  Changes to work patterns- working from 
home, stepping down to less than full time  

  Social support systems - from family and 
work colleagues  

 Coping with 
neurocognitive changes 
in the long-term/How 
neurocognitive changes 
managed 

Adaptive mechanisms- noting taking/list 
/memory aids, slower pace, breaking 
down tasks so simpler to process 

  Change to work – change in job role, 
pattern, career change, retiring early  

  Social support systems - from family and 
work colleagues,  
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  Making a daily effort  

 Resilient mental 
approach 

Positive actions/attitude to managing side 
effects. 

  Looking at the bigger picture –not letting 
side effects bother you/change in 
perspective 

Insufficient 
awareness 

No real awareness of late 
effects 

Felt unprepared for long term side effects 

 

 Information provision 
about fatigue prior to 
radiotherapy 

Quality and details in information 
provided- fatigue was not emphasised 
and glossed over  

  Expectations of post treatment side 
effects different from reality 

  Improvement in information dissemination 
needed  

 Awareness of 
neurocognitive deficit as 
a potential long term side 
effect of treatment 

No or very little pre-warning of potential 
neurocognitive changes as treatment 
sequalae prior to treatment 

  Important for information to be given 
pretreatment 

  More awareness needed among patients 
and health care professionals  

Required 
support  

Inadequate late effects 
service/ poor experience 
with follow up  

More emphasis on cancer recurrence and 
very little interest in anything else.  

  Uncertainty where /how to get 
professional support  

  Had to self-seek information - 
Researched/read about side effects and 
how to minimise 
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  Fear of recurrence/still need reassurance 
from check-ups and hard to get 
appointments.  

  Support not helpful. No support for carers  

  GPs not aware 

  Expectations from family and friends – 
“you should be alright” 

 Support with coping with 
late effects  

Support group/talking to others who have 
been through the same experiences 

 

 

Late effects and participant experience  

Side Effect  Illustrative quotes 

Tinnitus  “Tinnitus, which I had before…but it’s off the scale 
sometimes at the moment….and of course when you 
get into bed, whatever, you just hear it all the time, and 
it is, it has been now for the last 6 months, it’s been 
getting worse” [Participant 8] 

 

Deafness  “it took 60% of my hearing away, in terms of the higher 
tones, so that was to adjust to with getting hearing aids” 
[Participant 12] 

 

Tight jaw  

 

“my jaw is still quite tight, you know, I can’t open my 
mouth anywhere near as wide…” [Participant 6] 

 

Dental issues  “since the treatment I’ve lost a couple of teeth at the 
same side as I had the radiotherapy…some of them are 
coming out because, because of the treatment across 
that area. …. never appeared till about a year down the 
line after treatment’s finished, and then all of a sudden, 
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I’ve got these wobbly teeth and I’m thinking, what’s 
going on here, you know” [Participant 4] 

 

Dry mouth  “The biggest side-effect is, well the ongoing one you live 
with is lack of salivary glands, they’ve knocked those 
out and so you’ve got continuously a dry mouth which 
makes sometimes difficulty when you wake up in the 
morning, it’s very, very dry……. becomes so dry that 
when I come in and we have something to eat I can’t 
even, I can’t think about swallowing for a while, got to 
get it going again, you know, it takes time. So that’s the 
worst side-effect” [Participant 8] 

 

Burning tongue  “I miss swallowing, yeah, but me mouth, I can be in 
pain. It’s virtually every day, it is every day, it's not often 
that I get any relief” [Participant 14] 

 

Extreme mucous  “you also cough up a heck of a lot of mucus, so I 
produce mucus for fun, ……I always have a hanky or 
something to hand …. it seems to be worse when 
you’re exerting yourself, I don’t know why, but the 
mucus is real, and I can do a box of tissues in 2 days” 
[Participant 8] 

 

Eating and drinking 
sensitivity  

 

“I can’t drink tap water even now; I have to drink bottled 
water. Our tap water at home is hard, to me it’s pure 
bleach……No wine, no alcohol at all” [Participant 5] 

Dysphagia  “sometimes just seen muscles not responding, muscles 
not as strong as it was, I’ve had a couple of occasions 
where I’ve been eating and talking and probably eating 
too fast where I’ve, they’ve just got stuck in my throat, 
that’s happened twice, that’s been a bit scary” 
[Participant 15] 
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Voice changes  “I’ll tell you one thing that I wanted to mention as well 
…. me voice used to go a lot, it used to go really croaky 
and disappear…. it sounds awful. No, the only thing that 
can affect your daily life is me voice, if it goes….” 
[Participant 7] 

 

Shoulder/neck 
dystonia  

 

“my neck kept on going into spasm and I couldn’t move” 
[Participant 10] 

Myelin damage  “the first time it happened it was literally like a flush 
down your back and spine into your legs, it was the 
weirdest thing, and then, you know, I could recreate it 
by just leaning forward and bending down but as I say 
over time that’s just tailed away to complete 
insignificance…. and I knew what it was” [Participant 1] 

 

Neuropathy  “I get, me nerve endings sometimes twitch which can be 
quite sore because they’ve been burnt away me 
consultant said” [Participant 21] 

 

Balance issues   “if I don’t stand up and wait after about ten seconds of 
walking, I realise [I need to] hang on a minute, I’ve got 
to just hold onto something, just to steady myself…. the 
balance and everything are still a residual effect of all 
the treatments” [Participant 12] 

 

Sexual intimacy  “……. all the things like that make a massive difference 
to how you feel when you want to kiss. Me and 
{partner]haven't kissed for nine years other than a peck 
on the cheek” [Participant 18] 

 

Supplementary Table 2. Late effects of HNC (Chemo)Radiotherapy
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 Neurocognitive outcomes and fatigue following  
proton therapy for oropharyngeal cancer - the NOC-Rad study 

 

6.1 Contextual Background 

This chapter presents a key component of the thesis, focusing on neurocognitive 
outcomes and long-term fatigue in patients treated for OPC with proton 
radiotherapy. While earlier chapters explored these issues through mixed method 
cross-sectional study in patients treated with photon radiotherapy ,  NOC-Rad 
introduces a trial nested within an existing Phase III proton clinical trial, allowing 
these outcomes in a controlled setting. This work builds  on the findings and 
questions generated in previous chapters. 

By embedding the investigation within a randomised trial context, this chapter 
also lays essential groundwork for future studies aiming to evaluate these long-
term survivorship outcomes more systematically. In doing so, it reinforces the 
central aim of the thesis: to improve our understanding of treatment-related 
neurocognitive and fatigue outcomes in OPC survivors and inform more targeted, 
patient-centred care strategies moving forward. 

The full results of the NOC-Rad study are not reported in this chapter, as data 
analysis is still ongoing and the parent Phase III trial has not yet published its 
findings. Accordingly, the focus here is on the study design, objectives, and 
preliminary observations, rather than the complete outcome data. 

 

6.2 Introduction 

Patients treated for oropharyngeal cancer with (chemo-)radiotherapy (RT) often 
experience late side effects. Traditionally, the focus has predominantly been on 
the physical effects of treatment, such as dry mouth and difficulty swallowing, 
however, complex multidimensional issues such as fatigue and neurocognition 
as late effects are gaining increasing recognition in survivorship care[1]. That 
said, the relationship between radiotherapy dose, neurocognitive outcomes and 
long-term fatigue is complex and might not be solely attributable to radiation dose. 
Fatigue is potentially influenced by several cancer-related (e.g., pain, cancer 
treatment, anaemia)[2,3] and non-cancer-related factors (e.g., lifestyle factors, 
sleep hygiene, anxiety, comorbidities)[3,4]. Additionally, neurocognitive function 
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(NCF) impairment could be associated with genetic susceptibility, lifestyle, 
metabolic changes, pro-inflammatory cytokine activation  and social factors[5,6]. 

Proton beam therapy (PBT) with a sharp lateral penumbra and steep distal fall-
off, minimises damage to surrounding healthy tissues, potentially offering 
dosimetric advantages over photon therapy[7]. The sparing of organs at risk in 
head and neck cancer (HNC) using Intensity-modulated proton therapy (IMPT) 
may lead to significantly reduced toxicities, potentially enhancing patients' quality 
of life. Comparative analysis of intensity modulated proton therapy (IMPT) and 
intensity modulated photon radiotherapy (IMRT) planning in oropharyngeal 
cancer(OPC) cases revealed that proton therapy plans resulted in significantly 
reduced doses to structures involved in the development of acute mucositis and 
the pharyngeal constrictors[8]. However, IMPT also resulted in reduced dose to 
the brainstem, cerebellum, and central nervous system structures[8]. A phase III 
UK multicenter PBT trial; TORPEdO (TOxicity Reduction using Proton bEam 
therapy for OPC), was recently conducted to determine whether IMPT compared 
with IMRT reduces treatment-related toxicities in patients with locally advanced 
OPC[9,10]. Patients were randomized in a 2:1 ratio to receive IMPT at a proton 
therapy center versus standard IMRT at the recruiting center. Radiotherapy 
doses (accounting for the greater relative biological effectiveness[RBE] of PBT) 
were the same in both PBT and IMRT treatment groups. RBE is a measure used 
to compare the biological effectiveness of different types of ionizing radiation in 
producing a specific biological effect. In current clinical practice, RBE value of 
PBT versus photon radiation is  assumed to be 1.1 (>1.0), indicating  that protons 
have enhanced biological effects, compared with photon radiation[11]. The 
TORPERdO trial completed recruitment in 2023and the primary endpoint (IMRT 
reduction in  treatment-related toxicities with PBT) results are due for release in 
the third quarter of 2025. 

The NOC-Rad study is a study within the TORPEdO trial, which aims to evaluate 
the prevalence of long-term fatigue and NCF impairment in patients treated for 
OPC, using either photons or PBT, alongside potential determinants of these 
outcomes. The relationship between fatigue, NCF and the radiation dose 
received by the posterior fossa with photons and PBT will also be examined. 
Additionally, the clinical significance of post-PBT fatigue and neurocognitive 
impairment will be explored through qualitative insights into patients lived 
experiences. 

This chapter provides an overview of the NOC-Rad study rationale, design and 
methods, which formed a significant component of this PhD. The full protocol is 
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available in appendix A The final analyses and write up will be performed at a 
later date, including after the publication of the TORPEdO primary endpoint.  

 

6.3 Method 

6.3.1 NOC-Rad study design  

The multicentre study NOC-Rad (Neurocognition in Oropharyngeal Cancer 
following Radiotherapy) received ethical approval from South Wales Research 
Ethics Committee in May 2025 (23/EE/0083). NOC-Rad was conducted as a trial 
nested within the TORPEdO trial. NOC-Rad had 2 components: a cross-over 
component (recruiting TORPEdO  participants followed up in the Leeds-
Manchester region) and a cross-sectional component (recruiting TORPEdO 
participants followed up outside Leeds-Manchester). 

NOC-Rad inclusion criteria were: ≥18 years old, curative-intent radiotherapy or 
chemoradiotherapy for oropharyngeal cancer within TORPEdO (using photons or 
PBT), with ≥18 months follow-up and no disease progression. The only exclusion 
criteria was not being treated within the TORPEdO trial.  

Within the NOC-Rad cross-over component (figure 6.1), patients were 
randomised 1:1 to:  

• Traditional face to face cognitive assessment first, followed, 6 months 
later, by online cognitive assessment, or  

• Online cognitive assessment first, followed by traditional face to face 
cognitive assessment at 6 months.  

In the cross-sectional component (figure 6.1) patients completed the online 
cognitive assessment as a one-time cognitive evaluation. 

A subgroup of study participants was interviewed to gain in-depth insights into 
the lived experiences of long-term fatigue and neurocognitive outcomes. To 
balance meaningful representation within resource constraints, approximately 
25% of the eligible study participants were selected and purposive sampling 
techniques were employed to ensure a diverse sample.  
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Figure 6-1 NOC-Rad trial schema 
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6.3.2 TORPEdO trial study eligibility and design: 

TORPEdO inclusion and exclusion are shown in table 6.1[10]. Treatment was 
with two radiation dose levels: a higher dose to the clinical target volume and a 
lower dose to elective volumes. For patients receiving IMPT, 70Gy/56Gy(RBE) in 
33 fractions, this was delivered at a proton centre, while patients treated with 
IMRT received 70Gy/56Gy in 33 fraction (6.5 weeks) at the recruiting center. For 
patients treated with IMRT, an equivalent PBT plan was generated to facilitate 
comparative analysis. Concurrent platinum chemotherapy was administered in 
suitable patients.  

 

Table 6-1 TORPEdO inclusion and exclusion criteria 

INCLUSION CRITERIA  EXCLUSION  CRITERIA 

≥18 years old feeding tube insertion required for 
nutrition prior to treatment 

Histological diagnosis of 
oropharyngeal squamous cell 
carcinoma 

N3 disease 

 

Human papillomavirus (HPV) positive 
[TNM version 8] T1-2 N1-2 (excluding 
T1 with a single ipsilateral 
node <3 cm) 

Upfront neck dissection 

HPV negative [TNM version 8] T1 N2, 
T2 N1-N2, T3-4 N0-2 

Induction chemotherapy  

T3-4 N0-2 Contra-indication to the use of 
cisplatin for cycle 1 concurrent 
chemotherapy 

Local multi-disciplinary team decision 
for concurrent chemoradiotherapy with 
bilateral neck treatment 

Previous head and neck radiotherapy 

WHO performance status 0–1 

 

Major surgery within 6 months of trial 
entry 

Adequate renal function, glomerular 
filtration rate (≥ 60 ml/min calculated 
using Cockcroft-Gault formula 

Permanent pacemaker or implantable 
cardioverter defibrillator 
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Adequate cognitive ability (in the 
opinion of the local principal 
investigator (PI) or delegated co-
investigator) to complete patient 
reported outcome (PRO) 

Invasive malignancy within previous 2 

 Previous or concurrent illness which 
would interfere with completion of 
therapy, trial assessments or follow up 

 Pregnancy 

 Lactating women or women of 
childbearing potential unwilling or 
unable to use adequate non-hormonal 
contraception 

 Pre-existing speech or swallowing 
problems unrelated to the diagnosis of 
cancer 

 

6.3.3 Sociodemographic and clinical information 

A structured questionnaire was used to collect sociodemographic data, and 
clinical  information was extracted from electronic clinical records 

 

6.3.4 Outcome measures  

Neurocognitive function(NCF) : NCF was measured using a comprehensive 
neuropsychological test battery, the Amsterdam Cognition Scan (ACS), as 
described in chapter 4. The ACS is a validated online battery assessing domains 
of attention, information processing speed, learning and memory, executive 
functioning, fine motor skills and psychomotor speed[12](See appendix C).  

Similar to the approach adopted in the ROC-oN study (see supplementary in 
Chapter 4), participants’ ACS scores were evaluated using data from a cancer-
free norm group. These normative data were obtained from a sample of 708 
adults from the United Kingdom who completed the British ACS and had never 
had a cancer diagnosis. The norms, demographically adjusted for age, sex, 
educational level, and computer use, were established using regression-based 
norming following the exact same procedures as for the Dutch ACS norms[13] 
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Fatigue : The Multidimensional Fatigue Inventory (MFI) is a 20-item measure, 
utilised to assess fatigue. The MFI yields five 4-item domain scores (score range 
4-20 with higher scores indicating worse fatigue): general fatigue, physical fatigue 
, reduced activity, mental fatigue and reduced motivation[14]. Further details on 
the MFI as provided in Chapter 3. For the NOC-Rad study, the MFI questionnaire 
was integrated into the ACS platform.  

 

6.3.5 Dosimetry  

Dose to the "posterior fossa"  an organ at risk (OAR) is defined within the 
TORPEdO protocol (comprising of the brainstem, anterior, and posterior 
cerebellum) was extracted. The anatomic borders of this structure are the 
tentorium (superior), foramen magnum (inferior)-, anterior edge of brainstem 
(anterior)-, posterior extension of meninges to inner table of the skull (posterior) 
- and lateral extension of meninges around the cerebellum (lateral). Near-
maximum dose (D1cc), mean dose (Dmean), and values for the posterior fossa 
structure were captured.  

 

6.3.6 Lived experiences  

Purposeful sampling techniques were employed to ensure diverse patient 
perspectives to address the study objectives. This is a common approach in 
qualitative research for identifying and selecting information-rich cases relevant 
to the phenomena of interest[15]. Interviews were conducted in June and July 
2024 over the telephone or via online video platform, dependent on participant 
preference. A semi-structured interview guide (appendix D) was utilised. Data 
collection concluded upon reaching theoretical saturation, ensuring the sample is 
adequate in terms of offering depth of understanding[15,16]. 

 

6.3.7 Data analysis  

Planned quantitative data analysis is pending and has yet to be conducted. 
Descriptive analysis will be performed for sociodemographic and clinical data. 
The MFI will be handled as per scoring manuals and as described in detail in 
Chapter 3. To enhance the clinical utility of findings, MFI domain scores will be 
calculated and severity determined as follows: mild (5-8), moderate (9-12), and 
severe(13-20)[17]. MFI scores will be compared to cancer-free controls from the 
general UK population (matched for age and gender) and  cohort of OPC patients 
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treated with photon radiotherapy treated within the Radiotherapy for 
Oropharyngeal Cancer and impact on Neurocognition (ROC-oN) study.     

Z-scores will be calculated for domain scores of the ACS using normative data 
adjusted for age, sex and education level. The ICCTF definition of clinically 
significant NCF impairment will be used: a Z score of -2 or below on a single 
domain or a Z-score of -1.5 (-1.5 to -1.9) in two or more domains[18,19].  

Potential associations between radiation dose, cognition, and fatigue will be 
explored. Additionally, possible relationships between clinical and demographic  
factors and both NCF and fatigue will be investigated.  

Qualitative data analysis was completed in October 2024. Analysis  included 
transcription of interviews verbatim. All transcripts were read and coded (ZIE), 
with an inductive approach employed to fully capture participant experiences. 
Initial codes were subsequently organised into potential sub-themes and themes, 
with regular discussions of the coding process held with the research team. 
Thematic analysis, supported by a reflexive approach was adopted[20,21].  

 

6.4 Preliminary results  

NOC-Rad recruited from  53 patients (37 from the cross-over component [Leeds-
Manchester] and 16 [outside Leeds-Manchester]) between July 2023 to Jan 2025 
across 5 cancer centers; Leeds, Manchester, Sheffield, Nottingham and South 
Hampton.  The median age of patients at the time of treatment was 56 years(IQR 
52-60). Among the patients, 39 (73.6%) were men and 14 (26.4%) were women. 
All patients received CRT (100%), with the majority also receiving PBT (71.7%). 

Twelve patients were interviewed, consisting of 8 males and 5 females. All twelve 
patients had majority had received proton beam therapy (PBT) as part of the 
TORPEDO trial, along with concurrent chemoradiotherapy 

The results from the qualitative arm of NOC-Rad are available; however, the 
quantitative data, although collected, has yet to be analysed.  As this study was 
designed as a mixed methods approach, the qualitative data will not be released 
until the quantitative results are fully available. Qualitative insights will be better 
understood when considered alongside the quantitative outcomes, ensuring a 
comprehensive understanding of both data types in the context of the overall 
findings. Once the results of the parent trial (TORPEdO) are released, 
comprehensive findings from the full NOC-Rad study will be made available. 
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 Discussion  

This thesis presented in the alternative format, comprised  of a systematic review 
and two studies (ROC-oN and NOC-Rad) connected by a common narrative: the 
evaluation of the impact of radiotherapy on neurocognitive function and fatigue in 
patients treated non-surgically for oropharyngeal cancer. 

The novel contributions of this thesis are as follows: 

• Fatigue in long-term survivorship was evaluated in a cohort exclusively 
consisting of patients treated for oropharyngeal cancer (Chapters 3 and 
5). 

• Neurocognitive outcomes following radiotherapy in an oropharyngeal 
cancer cohort were assessed, providing insight into the frequency and 
severity of this long-term effect, an area where evidence remains very  
limited (Chapters 4 and 5). 

• Critical CNS regions of interest (CNS-ROIs) in oropharyngeal cancer 
radiotherapy were identified, and the association between radiation dose 
to these regions and fatigue as well as neurocognitive outcomes was 
explored (Chapters 3 and 4). 

• The impact of different radiotherapy modalities (photons vs. protons) on 
dose to CNS-ROIs, fatigue and neurocognitive effects is being evaluated 
(Chapter 6; data collected, results awaited). 

• The feasibility and acceptability of an online cognitive test battery were 
assessed, with ongoing work in this area. 

In the following sections these contributions are discussed within the context of 
the thesis as a whole. A summary of each of these contributions, its limitations, 
ongoing work, additional work and opportunities for further development are 
discussed. 

 

7.1 Fatigue  

The persistence of fatigue is considered one of the most debilitating 
consequences of cancer. Current research on cancer related fatigue  has focused 
on other cancer types, leaving patients treated for OPC patients 
underrepresented in this critical area of study. In this thesis, the prevalence and 
severity of fatigue as a multidimensional construct following radiotherapy (+/-
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chemotherapy) into long-term survivorship in patients treated for OPC, was 
assessed using a validated patient reported outcome (PRO). Patient and clinical 
factors which might influence fatigue development and persistence were 
evaluated, as understanding these factors could help develop targeted 
interventions and support for patients treated for OPC. The correlation between 
fatigue and the patient’s emotional as well as social well-being was evaluated, 
considering factors such as mood, health related quality of life( HRQoL) and work 
productivity. Patient perceptions and experiences of fatigue were explored 
through qualitative interviews, providing deeper insight into the complex nature 
of fatigue. The integration of these various approaches provided a holistic view 
of fatigue in patients treated for OPC. It provided a nuanced understanding of the 
impact of fatigue on patients' daily lives and long-term recovery 

Among patients treated for OPC, approximately one in four survivors were found 
to experience severe fatigue, several years following radiotherapy (+/- 
chemotherapy). This finding underscores the persistence of fatigue as a 
significant issue in long-term recovery for this patient population. As a 
multidimensional construct, mental fatigue and general fatigue were identified as 
the most significantly impacted domains. Age and co-morbidities were identified 
as significant predictors of mental and general fatigue, with younger age at 
treatment and increasing  number of comorbidities  associated with fatigue 
severity. A greater burden of fatigue was associated with a decline in HRQoL and 
mood. As fatigue levels increased, work productivity also diminished. Through in-
depth interviews with OPC survivors, the emotional and mental dimensions of 
fatigue were similarly identified as being impacted, resulting in what was 
described as "a new normal". This was characterized by reduced work capacity, 
limited engagement in leisure activities, low mood, and, in some instances, social 
isolation. 

This  work adds to the growing body of knowledge that seeks to address cancer-
related fatigue and its long-term impact on cancer survivors. By examining this 
issue within a homogeneous group of HNC patients, it provides more focused 
insights. The findings could potentially inform the development of personalised 
supportive strategies for fatigue in patients treated for OPC. 

 

7.1.1 Limitations  

Several limitations to our findings were outlined in Chapters 3 and 5. Firstly there 
might be a potential for selection bias, as only 41% of invited patients participated 
in the ROC-oN study. This lower participation rate may result in a sample that is 
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not fully representative of the broader population of OPC survivors, potentially 
skewing the findings. Also, the sample predominantly consisted of individuals 
with HPV-positive driven disease, which limits the generalisability of our findings 
to other patient groups such as survivors of HPV-negative OPC. To address 
these limitations in future studies, attempts should be made to increase the 
response rate through targeted recruitment strategies (multiple follow-up 
reminders or possibly offering incentives) and recruitment methods (multiple 
channels or partnerships with various healthcare providers). 

Additionally, outcomes such as sleep quality, were not investigated. Sleep 
disturbances are strongly correlated with fatigue however, it is unclear if sleep 
disorders is a part of the cancer related fatigue spectrum, or if sleep disorders 
occur independently of cancer related fatigue[1]. However, fatigue and sleep 
disturbances exhibit a potential symptom cluster with interrelated impacts[2, 3]. 
Therefore, future studies in this area should include this important outcome 
measure to  provide a more comprehensive view of the factors influencing long-
term fatigue in patients treated OPC. 

 

7.1.2 Additional work  

The findings from this PhD led to an evaluation of local practices in the Leeds 
Teaching Hospital Trust concerning the communication between healthcare 
professionals (HCPs) and patients treated for oropharyngeal cancer (OPC) 
regarding cancer-related fatigue. This service evaluation revealed a 
communication gap attributed to limited awareness amongst HCPs, a reactive 
rather than pro-active approach to communication on cancer related fatigue, no 
single optimal time to discuss CRF (rather may require multiple discussions) and 
a solution-oriented mindset in HCPs when faced with an issue without 
straightforward solutions. While the presence of this gap was anticipated, this 
work underscored its existence and the need for improvement in addressing 
cancer related fatigue in clinical settings. The National Comprehensive Cancer 
Network (NCCN) recommends patient be educated regarding typical patterns of 
fatigue during and after treatment  as well as all survivors being routinely 
screened for fatigue[4]. The benefits of addressing treatable contributors to 
fatigue, encouragement of physical activity, rehabilitation services and 
psychoeducation are also recognised[5]. Therefore, it essential to begin 
integrating these recommendations into routine HNC follow up practice. 

The combination of findings from this PhD and the above-mentioned 
complementary service evaluation will strengthen the case for establishing a 
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survivorship HNC clinic in the Leeds Teaching Hospital Trust by providing  
evidence of need and potential value. 

 

7.2 Neurocognitive function  

Neurocognitive concerns and impairments in neurocognitive function can have a 
negative impact on a patient’s quality of life after  cancer treatment, however, they 
are poorly understood and frequently not fully addressed during routine care. In 
this thesis neurocognitive outcomes were assessed  both objectively and 
subjectively, to provide a more comprehensive understanding of cognitive health. 
The association of various factors with neurocognitive concerns and 
neurocognitive functioning were evaluated using regression modelling. In depth 
interviews were also conducted to capture patient's personal experience and 
perspective on cognitive well-being. This dual approach (i.e. mixed-methods 
approach) offered a fuller exploration of cognitive functioning. 

In a large cohort of patients (n=338) treated for OPC  with definitive (chemo) RT 
at a median of 6 years post-treatment, neurocognitive concerns were found in 
14.8% and neurocognitive impairment was identified in 33% of patients who 
completed an online neuropsychology test battery. Predominantly affected 
domains on both subjective and objective assessment were attention and 
working memory. Mental fatigue and mood were found to be  associated with 
neurocognitive concerns with this relationship remaining significant in post-hoc 
analyses. Mood was found to have a small but statistically significant relationship 
with impaired neurocognitive function; however, this association did not persist in 
the post-hoc analysis. Qualitative insights from ROC-oN covered in Chapter 5 
also supported the domains of attention and memory to be most affected. 
Qualitative findings also suggested that individuals develop adaptive 
mechanisms to “navigate” neurocognitive changes  (e.g. adapt their daily routines 
and coping strategies ) and often rely on social support systems. 

Current knowledge regarding neurocognitive deficits in HNC has predominantly 
been derived from studies involving patients with cancers located in subsites in 
close proximity to CNS structures, such as the nasopharynx and sinuses. This 
current work contributes to the existing literature by highlighting neurocognitive 
concerns and impairment in a population (i.e. patients treated for OPC) that had 
not previously been considered to be at significant risk following (chemo)RT 
Another key contribution of this work is identifying fatigue as a potential predictor 
of neurocognitive impairment, again highlighting the importance of assessing this 
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variable in cancer survivors. This also supports the NCCN's guidelines on 
monitoring cognitive health in cancer survivors[4]. 

 

7.2.1 Limitations  

Limitations to our findings were highlighted in detail in chapter 4 and 5. Firstly, 
the modest number of patients who completed the ACS (27%), may have 
introduced  selection bias. Patients perceiving neurocognitive issues may have 
been more likely to participate but equally those anticipating difficulty with 
assessment may have been more inclined to opt out. 

In addition, the method used to define the NCC group may underestimate 
neurocognitive concerns, as it does not account for individuals who fall outside 
the "no concerns" category but score ≤60 in at least one MOS-Cog domain. Thus, 
neurocognitive concerns may represent a more significant issue than identified. 
Future studies should consider adopting a more nuanced approach that captures 
individuals who may not fit strictly into the "no concerns" category but exhibit 
scores ≤60 in at least one MOS-Cog domain to allow for the  identification of 
individuals who may experience neurocognitive concerns that are currently being 
missed. 

Finally, the cross-sectional design of the study inherently limits the availability of 
baseline NCF and ability to assess changes in neurocognitive outcomes over 
time This also makes it difficult to determine if the observed neurocognitive 
outcomes are solely attributable to the treatment or could be contributed to by 
pre-existing cognitive impairments associated with cancer diagnosis itself. In the 
future, a longitudinal study design would therefore be desirable. 

 

7.2.2  Ongoing work and future work  

7.2.2.1 Imaging sub study  

The identification of predictive markers for neurocognitive dysfunction in cancer 
patients is of critical importance. The early identification of patients  at higher risk 
for neurocognitive decline could allow the implementation of targeted 
interventions to support patients with cognitive deficits and improve patient 
outcomes. In recent years, there has been a growing interest in the extraction 
and analysis of quantitative features from medical imaging to prognosticate, i.e. 
“radiomics”. Positron emission tomography (PET) may offer valuable insights into 
the underlying biological processes that may contribute to cognitive changes and, 
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by monitoring metabolic changes in the brain, help identify patients at increased 
risk of neurocognitive impairments. This thesis has initiated an ongoing study 
exploring the use of PET, a technique routinely employed to assess treatment 
response in OPC, to identify potential radiomic markers in the brain associated 
with neurocognitive decline. Consequently, this work holds the potential to enable 
more accurate, personalised assessments of neurocognitive risk and promote 
early prediction of cognitive impairment even before deficits are detectable by 
traditional neuropsychological assessments. This could facilitate early 
intervention strategies to minimise the impact of neurocognitive dysfunction and 
support cancer survivors.  

The ongoing PET NECK 2 trial offers a unique opportunity to expand this 
research by providing an avenue for obtaining longitudinal imaging data, 
essential for understanding the temporal dynamics of PET imaging features in 
relation to cognitive changes. Patients in this trial undergo PET scans at multiple 
time points: baseline (pre-treatment staging), the acute post-treatment period 
(treatment assessment), and one year following treatment. Integrating cognitive 
assessment (subjective and objective) testing at time points complementing the 
PET scans would offer  insights into the trajectory of these changes in oncology 
patients. The PET NECK 2 trial team have expressed an openness to  collaborate 
on this. This potential collaboration, combined with the continued use of PET 
imaging in clinical oncology, lays a strong foundation for further investigations 
into the intersection of imaging biomarkers and cognitive function. 

 

7.2.2.2 External validation  

Future work will involve validating the neurocognitive findings from ROC-oN in an 
external cohort. The demographics of Dutch oropharyngeal cancer (OPC) 
patients closely resemble those of UK patients[6, 7], suggesting that findings from 
Dutch cohorts may be broadly applicable to the UK population. Consequently, the 
Dutch NET QUBIC dataset, which includes both subjective and objective 
longitudinal cognitive data from over 200 survivors of OPC, serves as an ideal 
validation cohort. This large and diverse sample provides a robust opportunity to 
cross-validate findings and further strengthen the generalisability of these 
research outcomes. Discussions have been initiated with the NET-QUBEIC team 
regarding access to their database. The plan is to develop a formal proposal over 
the next few months, outlining the scope and methodology for utilising this 
valuable dataset in the research. 
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7.3 Dose  

This thesis explored the radiation dose distribution with IMRT for OPC to CNS 
structures pertinent to neurocognitive function. A non-interventional retrospective 
study was carried out on a subgroup of ROC-oN participants (recruited in the 
Leeds Cancer center) in two phases. In Phase 1, a Central Nervous System 
(CNS) atlas was developed (appendix B), including potential CNS structures at 
risk during RT for OPC. CNS structures were delineated, and the  doses received 
by these structures evaluated. In Phase 2, radiation dose to key CNS regions of 
interest (ROIs) identified in Phase 1 (i.e. those regions receiving all but minimal 
doses) was explored further. Associations between dose levels, neurocognition, 
and fatigue scores were also investigated.  

This thesis did not demonstrate an association  between observed differences in 
RT dose to posterior fossa structures and NCF or NCC outcomes. These  findings 
raise important questions about which other non-CNS cancer patients may be at 
risk neurocognitive concerns and/or impaired neurocognitive function, as well as 
the potential impact of treatments such as chemotherapy, immunotherapy, and 
targeted therapies. Similarly, we were unable to confirm a link between RT dose 
to the base of the brain and long-term fatigue outcomes.  

 

7.3.1 Limitations  

The limitations of our dose work were described in chapter 3 and 4. Doses to the 
CNS-ROIs were generally low, hence it could be the average doses received by 
the posterior fossa structures (2.05Gy, 1.5Gy ,7.15Gy to brainstem, anterior 
cerebellum and posterior cerebellum respectively) might be within (an as yet 
undefined) dose tolerance. Incorporating normal tissue complication probability 
(NTCP) models, future studies could more accurately estimate the risk of 
neurocognitive complications, even for doses below established tolerance 
thresholds and help define dose tolerances for critical posterior fossa structures 
that currently lack defined thresholds. 

Also, radiation doses to cranial structures showed minimal variation due to the 
consistent use of the same radiotherapy technique (the vast majority of patients 
received IMRT/VMAT). Consequently, the potential to establish a dose-response 
relationship is limited. The results of the NOC-Rad study will provide dosimetric 
data following PBT as well as IMRT, which may help address this limitation 
identified in the ROC-oN study. The contrast in treatment techniques allows for a 
more comprehensive understanding of the dose distribution on posterior fossa 
structures  and its potential effects on neurocognitive outcomes. 
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Finally, the role of vital fibrous connections between the cerebellum and various 
cortical and subcortical regions were not considered in this study. Future studies 
could consider incorporating a detailed analysis of the cerebellum’s fibrous 
connections with cortical and subcortical regions, using advanced neuroimaging 
methods such as diffusion tensor imaging[8] to examine how these pathways may 
influence cognitive and neurological outcomes[9]. This would provide a more 
holistic understanding of brain function and its relation to treatment effects. 

 

7.3.2 Additional work 

This work formed the basis of further exploration using voxel-based analysis 
(VBA).   VBA is a commonly used technique for evaluating structural or functional 
changes in neuroanatomical images, involving a voxel-wise comparison of brain 
tissue intensity (in Magnetic Resonance Imaging, MR) or activity (in nuclear 
medicine) between different groups of individuals[10]. In radiation oncology, VBA 
allows full 3-dimensional dose distribution to be considered and enables 
identification of heterogeneous dose sensitivities within organs without 
predefined CNS-ROIs biasing the analysis[11]. 

In our VBA study, individual patient anatomies, and subsequently their dose 
distributions, were deformably registered to a reference anatomy. Statistical 
analysis was then performed at a voxel-level, allowing identification of spatial 
dose-anatomy relationships. This allowed the identification of heterogeneous 
dose sensitivities within posterior fossa structures. Our voxel-based analysis 
study is currently ongoing and has yet to be published. However, we anticipate 
that the findings will contribute valuable insights to the growing body of evidence 
regarding the impact of dose on neurocognitive outcomes and fatigue. 

 

7.4 Impact of type of radiotherapy (Photons vs Protons) 

PBT has shown promise in minimising damage to surrounding healthy tissues 
due to its high precision in delivering radiation to targeted tumours. PBT may offer 
a neuroprotective advantage with fewer cognitive side effects and a reduction in 
systemic side effects, including fatigue, compared to photon radiotherapy. 
However, the literature in brain tumour patients, and even more so in head and 
neck cancer patients, remains limited. 
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7.4.1 Ongoing work  

The  reduction in unintended radiation dose to healthy brain tissue in the posterior 
fossa and  its association with neurocognitive decline and fatigue following PBT 
is being explored in the NOC-Rad study, which is a study within the TORPEdO 
trial (chapter 6). 

Insights from the NOC-Rad trial could influence future  treatment protocols and 
provide more evidence for choosing proton therapy in specific HNC and/or 
specific cancer patients. Additionally, by contributing valuable data on fatigue and 
cognitive outcomes post-proton therapy, the NOC-Rad  study could provide 
valuable data for future comparative studies 

 

7.5 Feasibility study (assessing feasibility and acceptability of 
online cognitive assessment)– On going work  

Neurocognitive function (NCF) is  a measurable performance outcome evaluated 
through the administration of neuropsychological tests[12]. In research settings, 
trained individuals supervised by a neuropsychologist are required to administer 
formal tests in a controlled, face-to-face setting lasting anywhere between an 
hour to several hours per session depending on the domains assessed. 
Conventional face to face neuropsychological testing has some shortcomings 
including inconsistency in administration and scoring, cost of administration and 
availability to a large and diverse group of people[13, 14]. The Amsterdam 
Cognition Scan (ACS), as described more fully in chapter 4, is a newly validated 
online neuropsychological test battery, developed to be self-administered for use 
in research.  

 There are no standard measures or thresholds to assess user acceptability of 
digital health measurement tools. Therefore, a mixed method feasibility study 
combining data from the ROC-oN study and NOC-Rad trial is being carried out. 

 

7.5.1 Feasibility 

As this was a feasibility study, the primary outcome measure did not inform a 
sample size calculation. Pilot and feasibility trial literature advocate a sample size 
of between 24 and 70 to inform reliable estimation of standard deviations[15, 16]. 
As all our outcome measures do not generate standard deviations, this feasibility 
study will focus less on statistical precision and more on determining the 
feasibility of conducting the study (e.g., recruitment, retention, adherence, and 



200 
 

200 
 

logistical aspects). Thus, we aimed to recruit 50 participants in NOC-Rad 
(approximately 120 eligible patients within the parent trial), which, assuming a 
30% attrition rate, would allow for 35 participants in the final analysis. 

Feasibility will be determined by assessing the  number of patients consented 
and randomised between June 2023-June 2025,  the number of eligible patients, 
and the proportion of those that were screened, the number approached who 
provided consent and who did not provide consent (and reasons why). In addition, 
the proportion of randomised participants withdrawing (with reasons) and lost to 
follow-up is being collected (and reasons why, where possible) 

While the primary aim of including the ACS in the ROC-on study was to measure 
neurocognitive functioning rather than establishing feasibility, conclusions can be 
drawn about the feasibility of using the ACS based on the observed completion 
rates, patient engagement and any challenges encountered during 
administration. Such observations will allow assessment of the tool’s practicality 
in real-world settings, identify potential obstacles, and inform improvements for 
future studies that aim to integrate this tool more effectively. Within ROC-On, 
guided by previous research[17], our desired uptake (based on ACS completion)  
was at least 50% of participants although this  rate did not account for the 
challenge of recruiting participants who are five or more years post treatment and 
no longer engaged in routine oncological follow-up. 

 

7.5.2 Acceptability  

The acceptability and usability of the ACS was evaluated using the E-
acceptability questionnaire (from NOC-Rad), participant feedback and in-depth 
qualitative interviews (ROC-oN and NOC-Rad). 

E-acceptability questionnaire: The Acceptability E-scale comprises 6 items with 
five response options each, using a Likert scale where 1 indicates a very negative 
evaluation and 5 indicates a very positive evaluation[18]. Questions 1 to 3 will be 
analysed with a focus on evaluating the ease of use, understandability of the 
questions, and the overall enjoyability of the computer program. 

Feedback: Content analysis of feedback left by participants on the ACS platform 
on completion, provided immediate feedback on participant experience. In 
addition, participants who withdrew from NOC-Rad were asked about reasons for 
their decision, thereby providing important feedback for evaluating acceptability.  
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Interviews: Purposive sampling techniques were adopted for the identification 
and selection of information-rich cases. Interviews were conducted in March-
June 2023 and June 2024.  

Qualitative data collection and analysis have been completed for the feasibility 
study. Quantitative data collection has also been going and ongoing work is 
focused on the quantitative analysis. 

 

7.6 Reflections on the Research Process and Mixed Method 
Approach: 

Although the NOC-Rad study was initially intended to serve as the primary focus 
of the research, it was recognised early on that conducting a clinical trial within 
the timeframe and scope of a PhD represents a highly ambitious undertaking. 
The ROC-oN study provided a practical safeguard, ensuring  achievable and 
meaningful research outcomes could still be delivered. In addition to offering this 
safety net, ROC-oN contributed complementary real-world data, allowing for the 
investigation of long-term fatigue and neurocognitive outcomes across different 
radiotherapy modalities, including both proton and photon therapy and a broader 
participant base. This approach also illustrated the pragmatic nature of the 
research design, balancing scientific ambition with practical constraints such as 
timelines, participant access, and scope of data collection. 

Undertaking this PhD was also a  transformative experience that  deepened  my 
expertise as a clinician in oropharyngeal cancer survivorship but also challenged 
me to navigate the complexities of conducting rigorous mixed methods research. 
As a researcher, I moved between roles, data analyst, qualitative interviewer, trial 
coordinator, and reflective learner. Managing these overlapping responsibilities 
provided meaningful insight into the practicalities of embedding research in a 
clinical context and highlighted the difficulties of integrating multiple 
methodologies into a cohesive piece of work .  

I chose to adopt a concurrent mixed methods design,  collecting quantitative and 
qualitative data at approximately the same time. This decision was rooted in a 
pragmatic research philosophy, which emphasises actionable knowledge, 
experiential learning, and the practical application of findings[19, 20]. By 
collecting both forms of data concurrently, I triangulated  the results to achieve a 
more comprehensive understanding of my research question and determined if 
the findings from each data type converged to support the same conclusions. 
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One of my main motivations for selecting a concurrent design was efficiency. 
Conducting both types of data collection simultaneously allowed me to make the 
best use of limited time and resources. This approach was  well suited to this PhD 
which explored long-term fatigue and neurocognitive outcomes following 
radiotherapy, as it enabled the simultaneous evaluation of both measurable 
functional outcomes and the subjective experiences underpinning them. This 
alignment with a pragmatic perspective supported the generation of actionable 
insights that reflect both statistical trends and the lived realities of survivors. 
Triangulation of the data further enhanced the credibility and validity of my 
findings, by enabling cross referencing  of quantitative patterns and qualitative 
narratives. 

However, adopting this design also presented several challenges. Managing the 
collection, analysis, and integration of two distinct data types simultaneously 
required careful planning and  a systematic approach. In addition, the  process  
required me to be competent  in both quantitative and qualitative techniques. It 
was sometimes difficult to maintain depth across both types of data while keeping 
a balance between them. I also came to realise that adopting a concurrent design 
limited my ability to refine or adapt my research questions as the study 
progressed, since the data from one part could not directly inform the other. My 
experience underscored how essential it is to establish a clear and focused 
purpose when planning mixed methods research. It became clear collecting more 
data did not automatically improve the quality of a study,  unless each dataset 
has a clear and complementary purpose.  

Another area of learning related to the practicalities of embedding a sub-study 
/trial within an existing Phase III trial.  Undertaking the NOC-Rad study within 
TORPEdO provided unique advantages, such as ready access to participants 
and robust data infrastructure. At the same time, I had to navigate limitations 
related to flexibility, timelines, and the extent of data that could be collected. The 
nested trial enabled me to relate earlier findings from ROC-oN to outcomes in 
patients treated with proton radiotherapy, providing a bridge to more robust 
clinical evidence. However, operating within an established trial protocol 
demanded careful balancing of scientific rigour with pragmatic limitations. 

Reflecting on the journey as a whole, I would approach future mixed methods 
studies by developing a clearer framework for integrating data at the design 
stage, outlining how the two datasets will be compared and brought together. I 
would also  dedicate more time for reflection between data collection and 
interpretation, as this would enhance the overall coherence and integration of  
findings.  
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In summary, this PhD has taught me that mixed methods research is both 
demanding and rewarding. It requires not only technical skill but also conceptual 
clarity, flexibility, and a willingness to engage with complexity and contradiction. 
It has affirmed my belief that addressing multifaceted clinical challenges 
demands using multiple research approaches and patient outcomes are best 
understood when we bring together diverse forms of knowledge and evidence. 

 

7.7 Conclusion  

This thesis has examined long-term survivors of oropharyngeal cancer, 
specifically focusing on fatigue and neurocognitive outcomes, the frequency and 
severity of these effects, impact on quality of life,  the lived experience of survivors 
suffering from these long-term effects, the influence of radiation dose to CNS 
regions of interest  on these outcomes as well as feasibility of an online cognitive 
test battery.  

This work has identified additional areas for future research and shown utility of 
an online cognitive battery in clinical trial settings. Ultimately, it is anticipated that 
this research will contribute to advancements in follow-up care and the 
development of supportive services for survivors of oropharyngeal cancer, 
thereby contributing to  improvements in patient HRQoL.  
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PROTOCOL SYNOPSIS  

 

Protocol Title 

Neurocognition in Oropharyngeal Cancer following 
Radiotherapy; methods of assessment and impact of 
radiotherapy dose and treatment technique 

 

Short Title  

 

NOC-Rad 

 

Study Population  

 

 

Adults >/=18 years old treated with curative intent 
radiotherapy or chemoradiotherapy for oropharyngeal 
cancer within TORPEdO Trial, with minimum 18 months 
follow up without disease progression 

 

Study Aims 

 

 

Primary aim:  to evaluate the ACS as a means of assessing 
neurocognitive function in a clinical trial setting.  

 

Secondary aims: to evaluate the association between 
neurocognitive function and fatigue and radiotherapy 
dosimetric parameters in both photon and PBT treated 
OPC patients 

 

Study Design  

 

  

Mixed method multicentre study  

- Cross-sectional study (Outside Leeds-
Manchester) 

- Cross over study (Leeds-Manchester) 

 

Recruitment Target 

 

 

Aim to approach 120 patients and recruit ~50 

 

Primary Endpoint  

 

 

Feasibility of the ACS in a clinical trial setting, guided by 
uptake, completion rates and usability (assessed through 
questionnaire and interviews) 
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Secondary Endpoints  

 

Neurocognitive scores compared to neurocognitive 
normative data derived from UK population  

 

ACS scores compared to traditional face to face cognitive 
test scores  

 

Impact of fatigue/ neurocognitive function on day-to-day 
life (assessed through interviews) 

 

Explore association between neurocognitive outcomes 
and dose distribution to base of brain structures 

 

Correlation between fatigue and dose distribution to base 
of brain structures 
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1.INTRODUCTION  

1.1BACKGROUND (plain English summary)  

“Neurocognition” is the ability to reason and think, concentrate, remember things, 
process information, learn, speak, and understand information. Radiotherapy  is 
often used as a treatment for cancer but neurocognition may be impacted if the 
brain receives a dose of radiation [1]. This includes patients treated with RT or 
chemoradiotherapy for oropharyngeal cancer (OPC). Where neurocognition is 
impacted by cancer treatment, it can affect daily activities and have a negative 
effect on quality of life[2]. Although recognised as a problem, this area has been 
understudied in cancer patients to date because of the costly and time intensive 
nature of traditional neurocognition testing. Traditional neurocognition testing 
involves a trained individual carrying out assessments in a controlled, face-to-
face setting lasting anywhere between an hour to several hours [3]. The test 
materials are expensive, and it can be difficult to ensure quality control. The 
Amsterdam Cognition Scan (ACS) is a recently developed online 
neuropsychological test battery that can be completed from home without 
supervision of a trained professional [3].  

The TORPEdO trial (TOxicity Reduction using Proton bEam therapy for 
Oropharyngeal cancer) compares proton beam therapy, a new type of 
radiotherapy that delivers reduced doses to the brain, with traditional photon 
radiotherapy[4], which delivers some dose to the brain, in OPC patients. We want 
to conduct a study within TORPEdO, to demonstrate in a prospective trial setting, 
if the ACS is a feasible, acceptable and an effective tool for remote neurocognitive 
assessment. The impact of radiotherapy technique and dose to the brain on 
neurocognitive outcomes will also be investigated.  

Demonstrating the ACS is a useful tool to evaluate neurocognition, could facilitate 
its wider use in future studies where there is a risk of neurocognitive side effects 
from treatment. Potentially, this could aid research into methods of reducing risk 
of neurocognitive side effects for head and neck cancer treatment.  

 

BACKGROUND 

• OROPHARYNX CANCERS: 

Head and neck cancers (HNC) account for 3% of all new cancer cases in the UK, 
making it the  8th most common cancer in the UK[5]. Oropharyngeal carcinomas 
(OPC) represent  head and neck cancers(HNC) arising in the soft palate, tonsils, 
base of tongue, pharyngeal wall, and vallecula (the fold located between the base 
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of tongue and the epiglottis)[6]  Oropharynx cancer incidence has been rising 
since 1990 due to the human papilloma (HPV) epidemic and it is predicted soon 
the global burden of HPV-OPC will surpass that of cervical cancer, in which HPV 
infection is also known to be an etiologic factor[7]. This epidemiologic change has 
translated into an increasing cohort of younger patients with little or no tobacco 
exposure[7, 8]. HPV driven OPC is now recognised as a clinically distinct subset 
of HNC. It is associated with an overall better treatment outcome than non-HPV-
OPC, good response to radiation treatment, with a 3-year rate of overall survival 
of 93.0% for low risk OPC  [9, 10]. Although survival rates are, long-term toxicity 
and poor functional outcomes with an impact on quality of life remain a concern 
for many patients [11]. In addition to treatment morbidity there are significant 
costs associated with the management of OPC with loss of productivity 
contributing considerably to this cost [12].   Historically, clinical and research 
priorities in HNC focused on improving survival but current interest is in optimising 
therapeutic strategies for HPV positive cancers, with the goal of optimizing 
oncologic outcomes while reducing treatment-related toxicity[13]. 

 

 

• NEUROCOGNITION AND NEUROCOGNITIVE TESTING  

Neurocognitive impairment is a recognised side effect of commonly used cancer 
treatments including radiotherapy where dose is delivered to the brain and 
systemic anti-cancer therapies such as chemotherapy, often referred to as 
“chemo brain”[1, 14]. Neurocognitive functioning is a performance outcome, and 
impairment can include deficits in domains such of memory, language, 
processing, attention and executive functioning, impacting negatively on health-
related quality of life (HRQOL) and day to day functioning[2, 15].  Although 
recognised as a problem, to date, this area has not been well researched in many 
cancer sites due to the resource intensive and costly nature of traditional 
neurocognitive testing. In research settings, trained individuals supervised by a 
neuropsychologist are required to administer formal tests in a controlled, face-to-
face setting lasting anywhere between an hour to several hours per session 
depending on domains assessed. Purchasing multiple copies of test material for 
multi-centre studies is expensive. Ensuring quality control in testing (e.g., 
consistency in assessment) and scoring (e.g., eliminating issues with interrater 
reliability) is time consuming. The Amsterdam Cognition Scan (ACS) is a newly 
validated online neuropsychological test battery, consisting of 7 tests able to 
detect dysfunction throughout the spectrum of cognition, including the domains 
of attention, information processing speed, learning and memory, executive 
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functioning, and psychomotor speed (Table 1)[3]. All elements of the test battery 
are self-explanatory, and test session starts with a general instruction video. The 
ACS can be completed from home without supervision using a personal computer 
(PC) and limited computer skills are required. 

While neurocognition might have been the subject of limited research interest to 
date, in a qualitative study by McEwen et al[16] cognitive changes represented 
one of the rehabilitation needs identified by patients and family in head and neck 
cancer survivors. In several small retrospective head and neck series, findings 
were suggestive of treatment-related cognitive dysfunction within 2 years, 
affecting memory, verbal fluency, motor function, and speed of information 
processing[17-19]. Observed cognitive decline seemed to persist >5 years after 
treatment[20-22] and memory problems, fatigue, anxiety, reduced quality of life, 
and depressive symptoms are frequently reported in HNC survivors[21-27]. 
There is a need therefore for investigators to collect more detailed neurocognitive 
evaluations in follow-up programs[28].  Gan et al[25] found neuropsychological 
testing feasible in HNC survivors. 

While the ACS has been shown to be highly usable in cohorts of cancer patients 
(amounting to a few hundred patients), predominantly with breast and prostate 
cancer, it has not been evaluated in patients where radiotherapy treatment may 
have a direct negative impact on normal brain tissue and resulting neurocognitive 
function. In addition, although posttreatment cognitive changes and its 
relationship to health-related quality of life is established in CNS cancers, it has 
been understudied in head and neck cancers [24]. With a rising incidence of OPC 
in a younger population, research investigating neurocognitive outcomes in OPC 
survivors is increasingly important.  
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Table 1. Overview of online tests in the ACS 

 

 

• RADIOTHERAPY 

This epidemiological change in OPC occurred alongside technological 
advancement in radiotherapy techniques. Modern photon radiotherapy 
techniques such as intensity modulated radiotherapy (IMRT) improve sparing of 
selected normal tissues such as the parotids glands from high RT doses, but the 
nature of this technique means that other normal tissues including the base of 
the brain, receive a lower dose RT ‘bath’ (Fig 1a)[29]. Fatigue is frequently 
reported during and immediately after radiotherapy [30] however a quarter of 
young adult cancer survivors report fatigue 5–30 years after treatment [31] with 
an even higher prevalence (up to 79%) ≥5 years after treatment in older patients 
with significant smoking history. The PARSPORT trial, which was a phase 3 
randomised control trial that investigated toxicity (xerostomia) with conventional 
radiotherapy versus IMRT in oropharyngeal or hypopharyngeal cancers, met its 
primary end point. There was, however, an unexpected finding in that a higher 
grade of fatigue was observed in patients who received IMRT compared to those 
who received conventional radiotherapy[32].  
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There is limited data on cognitive dysfunction as a result of incidental radiation 
dose to brain tissue, however it has been hypothesised this could be responsible 
for long term fatigue and decline in neurocognition in OPC patients [32]. 
Hippocampal sparing has been utilized for patients with brain metastases and 
high-grade gliomas in an effort to reduce cognitive toxicity [33] and structures 
such as the hippocampus and cerebellum are recognised to play significant roles 
in memory[34]. However, the data is limited and research investigating 
designation and avoidance of key sub-structures most responsible for cognition 
is needed [35]. 

Proton beam therapy (PBT), a type of particle RT, has recently become available 
in the UK. Because of its sharp lateral penumbra and steep distal fall-off, proton 
therapy offers dosimetric advantages over photon therapy[36]. In addition to 
sparing selected normal tissues from high RT doses (e.g., parotid glands), the 
nature of the rapid dose falls off with PBT means that far less low dose ‘bath’ is 
received by other normal tissues (Fig 1b). In terms of brain dose in OPC patients, 
this may translate into reduced neurocognitive impairment. Proton therapy has 
been used for decades in the treatment of skull-base tumours and there is 
growing interest in extending its use to numerous other disease sites[36]. Photon 
IMRT and PBT (both with concurrent chemotherapy) are currently being 
compared in OPC patients in the Manchester/ Institute of Cancer Research (ICR)-
led phase III TORPEdO trial (TOxicity Reduction using Proton bEam therapy for 
OPC), with a one-year co-primary endpoint of patient reported physical toxicities 
and requirement for a feeding tube[4]. It is hypothesised that PBT will provide 
superior normal tissue sparing from RT, with improvement in toxicities  

 

1.2 STUDY RATIONALE  

Demonstrating the feasibility of using the ACS for neurocognitive function 
assessment in a clinical trial setting will provide the opportunity for the widespread 
use of the ACS in future trials, including in patients treated with RT, 
chemotherapy, and other systemic agents. This will reduce the need for 
burdensome and costly face to face testing, streamlining clinical trial design. 
Furthermore, this study will increase the evidence base regarding neurocognitive 
impairment and fatigue as significant survivorship issues.  Fatigue and 
neurocognitive impairment may negatively influence work, social relationships, 
mood, daily activities, and quality of life[37].  These may have an even greater 
impact on younger HNC survivors. 

Improved understanding of the impact of RT dose and modality on neurocognitive 
function will allow better treatment selection and recognition of the base of the 
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brain as an organ at risk in several HNC (e.g., OPC, sinonasal and 
nasopharyngeal cancers), thus facilitating future sparing of the base of the brain 
through lower acceptable dose limits and improved RT plan optimisation. 

Such measures aim to reduce RT-related neurocognitive impairment and thus 
improve patient HRQOL.  It will also encourage inclusion of neurocognitive 
function as a primary or secondary endpoint in future HNC radiotherapy trials. 

 

 

2.STUDY AIM, OBJECTIVES AND ENDPOINTS  

2.1 STUDY AIMS:  

The principal aim is to evaluate the ACS as a means of assessing neurocognitive 
function in a clinical trial setting.  

Secondary aims are to correlate neurocognitive function and fatigue with RT 
dosimetric parameters in both photon and PBT treated OPC patients. 

 

2.2 Primary Objective: 

    -  Assess feasibility of using the ACS in a clinical trial setting, guided by uptake, 
completion rates and usability 

 

2.3 Secondary Objectives:  

- Assess neurocognition in a prospective population of irradiated OPC 
cancer patients 

- Assess fatigue in a prospective population of irradiated OPC cancer 
patients 

- Determine the preliminary validity of the ACS 

- Assess the impact of neurocognitive problems and fatigue on quality of life 

- Correlate neurocognitive function and fatigue with RT dosimetric 
parameters in both photon and PBT treated OPC patients 

 

 

2.4  End points: 

Primary:  
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-  Feasibility of using the ACS in a clinical trial setting, guided by uptake, 
completion rates and usability (assessed through questionnaire and 
interviews) 

 

Secondary: 

- Neurocognitive scores 

- Fatigue scores 

- Preliminary validity of the ACS 

- Impact of fatigue/ neurocognitive function on day-to-day life (assessed 
through interviews) 

- Correlations between neurocognitive outcomes and radiotherapy dose to 
base of brain structures 

- Correlations between fatigue and radiotherapy dose to base of brain 
structures 

 

3.STUDY DESIGN 

3.1. STUDY DESCRIPTION 

This is a mixed method multi-center study.  

Study participants will be identified by the TORPEdO trial/ clinical teams from 
Leeds Teaching Hospitals NHS Trust (Leeds Cancer Centre) and The Christie 
Hospital NHS Foundation Trust.  The study has 2 components: 

- Cross sectional study assessing feasibility of the ACS and fatigue (Outside 
Leeds-Manchester) 

- Cross over study (Leeds-Manchester) also assessing feasibility of the 
ACS and fatigue, as well as preliminary validity of the ACS by evaluating 
correlations between neurocognitive outcomes from the ACS and face-to-
face testing. In addition, dosimetric analysis in photon and PBT treated 
OPC patients in relation to neurocognitive impairment and fatigue. 

 

 

3.2 . PATIENT PUBLIC INVOLVEMENT 

Patients have been involved throughout the design and will having ongoing 
involvement during the execution of the study. The study concept has already 
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been discussed with patients who received radiotherapy with or without 
chemotherapy for oropharynx cancer in May 2022 and the Leeds radiotherapy 
patient group in June 2022. It was considered of interest and importance and not 
overly burdensome. 
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3.3. STUDY POPULATION:  

Adults >18years old treated with curative intent radiotherapy or 
chemoradiotherapy for oropharynx cancer within the TORPEdO Trial, with 
minimum 18 months follow up.  

• Inclusion criteria  

- Histological confirmation of squamous cell carcinoma 

- Oropharynx Cancer treated within TORPEdO trial  

- >/=18years  

- Minimum 18 months follow up from completion of treatment  

- Clinically or radiologically progression free/ disease free  

- Able to complete the ACS  

 

• Exclusion criteria  

- Upfront surgery or salvage surgery  

- Unable to give consent  

- Existing neurological condition that may impact on neurocognitive 
assessment 

- Psychological, familial, sociological or geographical condition potentially 
hampering compliance with the study protocol and follow-up schedule (any 
such existing conditions will be discussed with the patient before 
registration) 

 

 

4. CROSS-SECTIONAL STUDY  

4.1 Recruitment:  

The cross-sectional study would aim to recruit TORPEdO patients not being 
followed up in Leeds/Manchester. TORPEdO centers outside Leeds and 
Manchester will be patient identification centers tasked with   

- Identifying potential participants (i.e., TORPEdO trial participants who are 
≥18 months out from radiotherapy and who remain disease free),  

- Handing out an invitation letter to potential participants at their next routine 
appointment 
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- Asking potential participants to contact the NOC-Rad research team 
directly if they are interested in hearing more about, or taking part in, the 
study.  

 

Once contacted by potential participants, the NOC-Rad research team will then 
contact patients via post, mailing out an invitation letter providing an overview of 
the study, contact details of research team and ask interested patients to contact 
the research team directly with their contact details (postal address, +/- phone 
number and email). The research team will then mail out a pack to interested 
potential participants. 

The at least 18-month timepoint avoids multiple demands on patients at the time 
of TORPEdO primary endpoint assessment (12 months) and allows time for 
longer-term toxicities to become established.  It is anticipated that ~120 patients 
will complete at least 18 months of follow up during the recruitment period, 
randomised 2:1 PBT: Photon RT.  We will aim to aim to recruit an estimated 50 
patients into NOC-Rad, out of which an estimated 14 patients will be recruited 
into the cross-sectional sub study. 

 

 

4.2 Consent:  

Each potential participant will receive a pack through the post containing: a 
personalised invitation letter, a Patient Information Sheet, a consent form, 
“acceptability E-scale” and “tell us about yourself” questionnaire and a freepost 
return envelope. The PIS will comprehensively explain: the study, the objectives, 
the time involved, the right to withdraw, the process of withdrawal, the de-
identification of data, informed consent and an assessment of the potential 
benefits and risks to the respondent. The PIS will also provide contact details for 
the study team and will encourage potential participants to take time to read the 
information, and telephone or email the team with any questions or concerns they 
may have prior to or during the study. 
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Once the potential respondent has considered the study, and had any questions 
answered, if they are happy to proceed, there is a consent form on page (page 
2). The consent statements are in a separate, clearly outlined box. The 
respondent will be asked to read each statement, and if they agree to the 
statement; they will be asked to tick the box indicating consent and write the date 
into the date box. To consent: the participant must actively tick each box (except 
the statement about being contacted about a study interview, which is optional). 
Patients who consent to be contacted about an interview will also be asked to 
provide a telephone number on which to be contacted to arrange this. Patients 
will be asked to provide their name, date of birth, contact details and TORPEdO 
patient identification number (PID). When consent given, we will also request 
information from the TORPEdO trial team including disease characteristics (TNM, 
HPV, histology etc) and treatment data (e.g. protons versus photons , radiation 
dose , chemotherapy, dates of treatment etc)  will be requested form the 
TORPEdO trials team using their TORPEdO study ID number, initials and date 
of birth to cross reference. If questionnaires or ACS completed without consent 
form signed implied consent assumed.   

 A telephone or face to face appointment will also be offered to the patient if they 
wish to discuss the study involvement in greater detail. The right of the patient to 
refuse consent without giving reasons will be respected. Furthermore, the patient 
will remain free to withdraw from the study at any time without giving reasons and 
without prejudicing any further treatment. Any data collect up until the point of 
withdrawal will be retained and used in the analysis- this will be made explicit in 
the participant information and consent form. 

 

4.3 Amsterdam Cognition scan and Multidimensional Fatigue Inventory 

 All participants will be invited (in the invitation letter) to take part in an online 
cognition assessment - the Amsterdam Cognition Scan (ACS). A unique link will 
be provided in the invitation, which will give them access to the assessment. 
Completion of the ACS is estimated to take around 45 – 60 minutes. This is 
explained in the PIS alongside instructions for accessing the ACS. The 
neuropsychological examination does not pose risk for patients although there 
could be potential psychological distress or embarrassment associated with 
neurocognitive assessment. Ample experience with a much more extensive test 
battery in many patient populations has indicated that such a procedure is 
feasible and is not considered too burdensome. The ACS is currently being used 
in 15 studies. For patients who would like to participate but do not have access 
to a laptop with mouse or home desktop, the option to attend the hospital to 
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complete online assessment in a quiet hospital test room will be available. If they 
are unable to travel to the hospital and are keen to participate int the study, a 
member of the research team could visit them at home with a laptop and a mouse. 
The specific domains tests in the ACS are described in Table 1. 

All participants will also be asked to complete the Multidimensional Fatigue 
Inventory (MFI), a validated questionnaire regarding fatigue[30] given the existing 
associations between base of brain dose and fatigue. This questionnaire is 
included within the ACS platform. The MFI is a 20-item measure designed to 
evaluate five dimensions of fatigue: general fatigue, physical fatigue, reduced 
motivation, reduced activity, and mental fatigue. Respondents use a scale 
ranging from 1 to 7 to indicate which scale point they consider best represents 
their experience of fatigue. The psychometric properties of the MFI have shown 
to be a reliable instrument in cancer patients[38, 39]. 

Patients will also be asked to fill out an acceptability E-scale questionnaire on 
completion of the ACS. Although not formally validated, the performance of the 
Acceptability E-scale was tested in 627 oncology patients and found useful in 
assessing the acceptability and usability of computerized health-related 
programs in oncology and other health population[40]. The acceptability E-scale 
has 6 items; how easy and enjoyable the program was to use, how 
understandable were the questions, how helpful was completing the program, 
whether the participant liked the program, whether the amount of time to complete 
the program was acceptable, and overall satisfaction with the program[40]. A free 
text box will also be added to allow participants to provide any additional 
comments about the ACS.  

Participants will also be asked to complete a separate ‘tell us about yourself’ 
questionnaire to provide basic demographic information and allow neurocognitive 
data to be scaled to norms (for age, sex, and educational level).  

Online completion of the cognitive measurement will take place via a secured 
(HTTPS) website with a personal log-in code for each participant. The information 
that is given online by patients, is accessible to the study staff only via a secured 
code. This code is linked to the patient’s unique study participation ID. The 
research will safeguard the key to the code. 

In the event a patient completes the ACS without completion of the consent form 
and questionnaire, we will assume implied consent and will include the ACS data 
in our analysis, but we will not access any other data. 
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4.4 Participant reminders 

If the consent form is not returned after four weeks, a reminder will be sent out. 
The initial invitation letter and PIS will inform the participants about this. Anyone 
who has contacted the study team to say they do not want to participate, or 
anyone who has returned the consent form blank without completing the 
questionnaires, or anyone who has completed the survey and later withdraws, 
will be recorded.  

 

5. CROSS OVER STUDY 

 

5.1 Recruitment  

Participants in TORPEdO followed up in the Leeds-Manchester region will be 
invited to participate in the crossover component of study (see section 3.1). 
Anticipated ~120 patients will have at least 18 months of follow up during the 
recruitment period.  We will aim to recruit an estimated 50 patients into NOC-Rad, 
with an estimated 36 patients from the Leeds-Manchester recruited into the Cross 
Over study.  Eligible participants will be identified by the clinical team involved in 
patients care (most of whom will also be co-investigators in TORPEdO).  

Patients will undergo 1:1 randomisation to undergo neurocognitive testing using 
either the ACS at least 18 months post treatment completion followed by 
traditional face-to-face testing using equivalent tests 6months after first test (to 
eliminate practice effects) or traditional face-to-face testing at least 18 months 
post treatment completion followed by the ACS 6 months after first test. 

 

5.2. Consent  

A verbal explanation of the trial and Patient Information Sheet will be provided by 
the clinical team member during routine appointments. Following information 
provision, patients will be given the opportunity to discuss the trial with their family 
and healthcare professionals if they wish before they are asked whether they 
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would be willing to take part in the study. A telephone or face to face appointment 
with research will also be offered to the patient if they want to discuss the study 
involvement in greater detail. The written consent will be taken by direct clinical 
team member or member of the NOC-Rad research team who has an honorary 
NHS contract.  

When patients are consented for the study, they will also be asked if they would 
prefer to receive the details about the ACS and acceptability questionnaire by 
email, rather than post. When the ACS is due (be that at baseline or 6 months 
after face-to-face testing) details regarding accessing the ACS and completing 
the acceptability questionnaire will either be mailed or emailed to the patient, 
based on their preference. 

 

5.3 Randomisation: 

Following confirmation of written consent and eligibility, patients will be 
randomised using a web-based system/randomisation server based at the 
University of Leeds, Clinical Trials Research Unit.  Patients will be randomised to 
ACS at 18 months post treatment completion followed 6 months later (24months 
post treatment completion) by traditional face to face neurocognitive testing or 
traditional face to face neurocognitive testing at 18months post treatment 
completion followed 6 months later (24months post treatment completion) by the 
ACS (1:1). 

Blinding is not possible for the cross-over study.  

 

5.4 Traditional face to face supervised Neurocognitive Testing vs ACS 

The ACS intervention is as described in section 3.3.3 

The traditional neuropsychological test battery consists of established tests that 
require face-to-face assessment. Participants will be scheduled to complete the 
supervised traditional test battery on one occasion. The traditional face to face 
neurocognitive function tests will assess the same domains and use equivalent 
validated tests (Table 1). These will be carried out by a member of the research 
team trained in neurocognitive function testing or by an appropriate trainee or 
assistant neuropsychologist, based on the requirements of the individual tests. 
Patients will be given the option to have the assessment carried out at the 
University of Leeds, Leeds Teaching Hospital Trust or the Christie Hospital NHS 
Foundation Trust, in a quiet supervised environment.  Traditional assessments 
are anticipated to take about 90 minutes to complete. 
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5.5 RT Dosimetric analysis  

When formal consent is received, the corresponding RT treatment plans for both 
PBT- and photon- treated patients who participate in the crossover study will be 
sourced and de-identified.  Base of brain structures will be contoured by member 
of the research team (ZIE) and doses to relevant structures will be extracted, 
compared between PBT and photon patients and correlated with fatigue and 
neurocognitive impairment. Structures will be contoured and dosimetric data 
extracted in parallel with patient cognitive assessments, so data are ready for 
analysis once clinical data has been collected. 

Radiotherapy dose metrics alongside HRQoL, ACS outcomes (see below) and 
(non-identifiable) clinical data will be stored on a secure LTHT NHS server, only 
accessible to the research team. No patient identifiable data will be stored 
alongside the dosimetric data. All cases will be labelled by Participant ID only. 
Consent for access to radiotherapy and clinical data will be included in the PIS 
and consent form.  

 

6. INTERVIEWS  

6.1 Sample  

A small sub-sample of participants who have taken part in the cross over study 
and cross-sectional study will be asked to partake in an interview to explore 
participant’s experience of fatigue and neurocognitive function post radiotherapy, 
how these impact on day-to-day life and experience of using the ACS. To take 
part in the semi-structured interviews, we aim to recruit approximately 25 patients. 
This is the target sample size but recruitment for interviews will continue until data 
saturation has been reached (i.e., new interviews do not yield new information). 
Participants in the study will be contacted about willingness to take part in an 
interview once ACS data and consent is received.  

 

6.2 Consent  

The cross-sectional study PIS and consent form will have an optional consent 
section where participants agree to potentially being contacted about taking part 
in an interview (tick box).  Participants who agree, will be contacted by the 
telephone number provided by the patient and given a further verbal explanation 
of the study by the researcher. For the cross over study, willingness to participate 
is discussed at time of recruitment and consent obtained at time of consent to 
study.  
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Participants will be informed the interview will be recorded but that all identifiable 
information will remain confidential and reminded that they can withdraw from the 
study at any time without it affecting their care.  

 

6.3 Data extraction 

The interview will be at a location of the participant’s preference but can also be 
done via phone call or video call (e.g., Microsoft Teams) 

All interviews will be conducted by a researcher with appropriate training in 
qualitative interviewing. An interview guide has been developed to address the 
research objectives (appendix *). The topic guide will explore participant’s 
experience of fatigue and neurocognitive function post-RT, and how these impact 
on day-to-day life. Because the ACS is a new instrument, interview participants 
will also be asked about their experience using this online tool for neurocognitive 
assessment to determine patient acceptability and usability.  

The interview guide is purposefully designed to encourage flexibility in the scope 
of discussion, ensuring that the anticipated diversity in experiences is captured. 
Please see appendix * for interview topic guide. All interviews will be digitally 
audio recorded. We expect interviews will last approximately 60 minutes. 
Interview transcription might be done with help from an external transcriber, with 
a study-specific confidentiality agreement in place. 

Interview data will be managed using NVivo software. Data analysis will be 
conducted by ZIE supervised by FB, guided by Braun and Clark’s 6 step thematic 
analysis [41, 42]. Detailed thematic summaries will be created using a flexible 
template that covers the research objectives, while allowing for the emergence of 
further themes. Direct participant quotations will be reported to illustrate the 
results. To ensure anonymity we will remove all identifying information from the 
quotations.  

 

 

7.1 SCHEDULE OF ASSESSMENTS  

Protocol design and ethical approval prior to start of study.  

7.1 Schedule: 

 Time point 

Identify eligible patients Inclusion/Exclusion criteria  Baseline  

Recruitment/Informed consent  0-20 Months 
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Neurocognitive assessment  0-20 Month 

Interviews  6-20 Months 

Radiotherapy plan contouring  0-20 Months 

Data analysis 21-23 Month 

Data dissemination and publication  24-26 Month 

 

 

7.2 STUDY ENDPOINT 

Study endpoint is considered reached when, the last participant has completed 
their final Neurocognitive test, followed by data analysis, and writing up over 3 
months. We anticipate this will be June 2025 

 

7.3 COVID MEASURES 

In every stage of the study, at all times Government advice regarding social 
distancing and meetings will be respected. For all face-to-face aspects of the 
study such as home visits to facilitate completion of the ACS, interview and 
traditional face to face neurocognitive assessment face masks will be worn  

 

8. DATA EVALUATION AND STORAGE 

8.1 Data Evaluation 

8.1.1 Primary Endpoint: Feasibility of ACS 

Feasibility of using the ACS will be assessed using a mixed method; uptake, 
completion rates, questionnaires, and interviews to capture acceptability of the 
tool. Screening logs will also be reviewed to identify reasons for non-participation. 

 

Patient acceptability and usability will be assessed using a questionnaire and in-
depth qualitative interviews. The Acceptability E-scale includes 6 items each 
offering five response options (see appendix). This adopts a Likert scale; 
response of 1 indicates a very negative and 5 indicates a very positive evaluation 
of each aspect of the computer programme, a score of 3 indicates a neutral 
response [40]. To obtain a summary score, the score is applied on each item as 
it appears on the scale, all response scores are summed, and scale total scores 
range from 6 to 30[40]. In a study by Tariman et al[40], a threshold score of >/= 
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80% of the highest possible summary score was adopted elaborate to indicate 
the program or intervention being evaluated is acceptable to users.  

Interview data (as described in section 6.3) will also be used to explore the impact 
of late effects (fatigue and neurocognitive deficits) patients’ everyday quality of 
life 

 

 

8.1.2  Analysis of ACS and MFI data (secondary endpoint) 

Neurocognitive data will be compared to data for the normal population, matched 
for age, sex and educational level. ACS Neurocognitive test scores will be 
transformed into Z scores using the mean and standard deviations (SDs) of the 
normative controls. Then, we will run a confirmatory factor analysis to group 
scores into domains (attention; information processing speed; working memory; 
visuospatial memory; verbal memory; executive functioning). Domain Z-scores 
below 1.5 will be considered indicative of cognitive impairment.  

Scores for the MFI questionnaire will also be summarised descriptively. 

 

8.1.3 Preliminary validity of the ACS (secondary endpoint) 

Summary statistics from neurocognitive outcomes from the ACS and traditional 
face to face testing will be presented, alongside basic sociodemographic and 
clinical characteristics of participants. We will explore association between 
neurocognitive outcomes from the ACS and face-to-face testing  

 

8.1.4  Impact of fatigue and neurocognitive problems on quality of life (secondary 
endpoints) 

Interview data will also be used alongside ACS and MFI outcomes to obtain a 
mixed-method exploration of the impact of late effects (fatigue and neurocognitive 
deficits) patients’ everyday quality of life (as in section 6.3). 

 

8.1.5   Impact of radiotherapy technique and dose to the brain on neurocognitive 
outcomes and fatigue (secondary endpoints) 

Exploratory analyses will be performed using data from participants in the cross 
over study to investigate possible associations between dose to base of brain 
structures and neurocognitive impairment.  
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Relevant baseline demographics, tumour and treatment details (e.g., data of 
radiotherapy completion, use of concurrent chemotherapy) will be included in the 
analyses. Descriptive statistics (e.g., median and inter quartile range) will be used 
to summarise doses to base of brain structures.  We will explore association 
between radiation dose and levels of fatigue cognitive impairment.  Analysis may 
include independent t tests and Spearman’s correlations. 

 

 

8.2 Data Storage  

After potential respondents have been recruited into the study, the lists of 
participants name, date of birth, contact details (address +/- telephone number 
and email address) TORPEdO PID (cross sectional study ), NHS number (cross-
over study),  NOC-Rad participant ID number, will be stored on a secure NHS 
computer with password-protected access restricted to the research team. All the 
research team have substantive or honorary NHS contracts. If patients consent 
to interview, then the contact telephone number that they supply will be added to 
this list. For patients in the cross over study who prefer to receive information 
about the ACS and acceptability questionnaire by email, the supplied email 
address will be added to this list. 

ACS data will be identified by participant ID number only. Questionnaires will be 
returned to Leeds Teaching Hospitals and response data will be inputted directly 
by the research team after participants return questionnaires.  

Within the ACS platform, cognitive measurements will take place via a secured 
(HTTPS) website with a personal log-in code for each user. The information that 
is given online by users is accessible to the study staff only, via a secured code. 
A unique code that does not contain any personal information is used to register 
users. No personal information is collected in the ACS. The data is stored in a 
database on a protected server. The data that is sent to the server is encrypted. 
The database is protected by two-factor authentication.  

Security measures during development, maintenance, and hosting of a research 
portal or portal to serve tests to clients will comply with the guidelines issued by 
the Dutch Government, available at: https://www.ncsc.nl/actueel/whitepapers/ict-
beveiligingsrichtlijnen-voor-webapplicaties.html. Data that accumulate during 
testing will be stored on a server in ISO 270001:2013, NEN 7510:2017 and ISO 
9001:2015 certified storage facility in The Netherlands by TransIP BV. This server 
is managed exclusively by NeuroTask BV. 

https://www.ncsc.nl/actueel/whitepapers/ict-beveiligingsrichtlijnen-voor-webapplicaties.html
https://www.ncsc.nl/actueel/whitepapers/ict-beveiligingsrichtlijnen-voor-webapplicaties.html
https://neurotask.com/
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The ACS dataset will be stored on a secure NHS server, only accessible to the 
research team. No patient identifiable data will be stored alongside the 
questionnaire/ACS data. All cases will be labelled by Participant ID only. The data 
that are sent to the server are encrypted, i.e., not readable. 

The returned hard copy paper consent forms and questionnaires will be stored in 
secure locked cabinets based in the Leeds Radiotherapy Research Office, Leeds 
Teaching Hospitals NHS Trust. The locked cabinets are in a locked room only 
accessible by the Radiotherapy Research Group. The returned paper 
questionnaires will be destroyed at the end of the study, after the data has been 
uploaded and validation checks have taken place. 

Interviews will be audio recorded using an encrypted digital recording device and, 
following transcription, word files will be stored on the secure University of Leeds 
server with password-protected access restricted to the research team. All audio 
files will be deleted once transcription is completed. 

Radiotherapy plans will be sourced for patients in the cross over study. 
Radiotherapy plans will be copied, de-identified, and labelled by Participant ID 
and stored within secure access controlled, password protected radiotherapy 
computer systems within each hospital site. Dosimetric data will be extracted as 
described above and entered into a database for the exploratory analysis. 
Extracted dosimetric data and clinical data regarding baseline demographics, 
diagnosis, and treatment, will be shared between The Christie Hospital Nhs 
Foundation Trust and Leeds Teaching Hospital Trust using secure NHS email. 
No identifiable information will be shared. Data will only be labelled by Participant 
ID. This data will be stored on secure NHS servers within password protected 
files, only accessible by members of the research team. 

 

8. SAFETY  

8.1 Adverse events 

Adverse events are collected as part of standard clinical practice and follow up, 
but we do not envisage any adverse effects in form of pain, discomfort, intrusion, 
or changes to lifestyle as a result of participation in the study. However, there 
could be potential psychological distress or embarrassment associated with 
neurocognitive testing.  

 

All those involved with the study have experience in looking after cancer patients 
and are familiar with the emotional stress that this diagnosis can carry. As such, 
investigators are aware of, and familiar with, this situation. Also, all participants 
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have a head and neck clinical nurse specialist allocated to them from the time of 
their diagnosis for support and to help with questions patients might have. If a 
participant was identified as experiencing considerable psychological distress, 
they would be directed to multidisciplinary services for additional investigation 
and management including psychological oncology services 

 

9. ETHICS  

9.1 Good Clinical Practise 

This study will be conducted in accordance with applicable laws and regulations 
including but not limited to Guideline for Good Clinical Practice (GCP) and the 
recommendations guiding ethical research involving human subjects adopted by 
the 18th World Medical Assembly, Helsinki, Finland, 1964, amended at the 48th 
General Assembly, Somerset West Republic of South Africa, October 1996. The 
Research Ethics Committee (REC) must review and approve the protocol and 
informed consent form before any subjects are enrolled. Before any protocol-
required procedures are performed, the subject must sign and date the REC-
approved informed consent form.  

The right of a patient to refuse participation without giving reasons must be 
respected. The patient must remain free to withdraw at any time from the study 
without giving reasons and without prejudicing his/her further treatment. The 
study will be submitted to and approved by a main Research Ethics Committee 
(REC) and the appropriate regulatory authorities prior to entering patients into the 
study. 

 

9.2.  Informed consent and right to withdraw 

Before being enrolled in the study, subjects must consent to participate after the 
nature, scope, and possible consequences of the study have been explained in 
a form understandable to them. 

Each identified patient eligible to for the cross-sectional study will receive a pack 
through the post containing: an invitation letter, a Participant Information Sheet 
(PIS), a consent form, questionnaire and a freepost return envelope. The 
invitation letter will summarise the study aims and methods.  

Each identified patient eligible for the cross over study will receive PIS at routine 
appointment and be given the opportunity to discuss the trial with their family and 
healthcare professionals if they wish before they are asked whether they would 
be willing to take part in the study. 



228 
 

 

The PIS will comprehensively explain: the study, the aims, the time involved, the 
right to withdraw, the process of withdrawal, the de-identification of data, data 
linkage, informed consent and an assessment of the potential costs, benefits, and 
risks to the respondent. The PIS will also provide contact details for the study 
team and will encourage potential participants to take time to read the 
information, and telephone or email the team with any questions or concerns they 
may have prior to or during the study. The PIS also provides contact details for 
an independent organisation that respondents can contact for advice on 
participating in research, before, during and after the study (Patient Advisory 
Liaison Service (PALS). 

The PIS highlights the voluntary nature of participation in the study, the right to 
withdraw consent without personal care being affected in any way, and the 
process of withdrawal. The right of the patient to refuse participation without 
giving reasons will be respected. Participants are free to withdraw from the study 
at any time, prior to the start of analysis without giving reasons and without 
impacting on any further treatment. Data collected prior participants withdrawal 
from the study will be included in analysis.  

 

9.3 Participant anonymity and confidentiality 

Patients will not be identified by name at any stage of the research. Once they 
have been registered into the study, their study ID will be used to identify them 
on all documents.  All records will be kept in a secure storage area with limited 
access.  Clinical information will not be released without the written permission of 
the participant, except as necessary for monitoring and auditing by the Sponsor, 
its designee, or the REC. 

Publications and reports on the findings of the study will make no reference to 
the identities of the patients who participated. When describing the clinical and 
socio-demographic characteristics of the sample, care will be taken to ensure that 
this information does not allow individuals to be identified. Study data will be de-
identified and stored securely, accessible only by members of the research team. 

 

9.4 Participant benefits, risks, and burden 

It is not envisaged that participants will derive any benefit from participation in the 
study. The neurocognitive assessment carried out in this study are not designed 
to diagnose individual cognitive problems or provide individual cognitive scores. 
However, we anticipate that most patients will find study participation a positive 
experience, and that some patients may gain satisfaction from contributing to 
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research with the potential to benefit patients and healthcare services in the 
future. 

The potential risks and burdens for participants are considered to be minimal (see 
section 8.1) and study design supported by radiotherapy patient group. The 
estimated time burden will be fully explained in the PIS. The interviews will be 
held in the format preferred by the patient (i.e., in person or over the phone) and 
at the most suitable time. We anticipate that each interview will be no more than 
an hour. Neurocognition will be assessed only once during the cross-sectional 
study and only twice over a 6-month period in the cross over study, to minimise 
the burden on patients. The study concept was discussed with the Leeds 
radiotherapy patient group in June 2022.  

The University, when acting as Sponsor, has insurance cover in force, which 
meets claims against it and where those claims arise from the Universities own 
negligence in its role and activities relating to the study (and which is subject to 
the terms, conditions and exceptions of the relevant policy). Clinical negligence 
indemnification will rest with the participating NHS Trust under standard NHS 
arrangements 

 

9.5 Approval of clinical study protocol and amendments 

Before the start of the study, the clinical study protocol, informed consent 
document, and any other appropriate documents will be approved by the Sponsor 
and then submitted for NHS REC approval. Before the first subject is enrolled in 
the study, all ethical and legal requirements must be met, including approval of 
the study by the NHS, Sponsor Research and Development department, REC, 
Local Trust and departmental level approvals from Leeds Teaching Hospital Trust 
and The Christie Hospital Nhs Foundation Trust. 

Amendments must be evaluated to determine whether formal approval must be 
sought and whether the informed consent document should be revised, thus all 
protocol amendments and administrative changes must first be discussed with 
and approved by the Sponsor before being submitted to the REC, in accordance 
with legal requirements. Amendments must be evaluated to determine whether 
formal approval must be sought and whether the informed consent document 
should be revised. 

Any protocol breaches should be reported to the sponsor within 1 working day of 
research team awareness to governance-ethics@leeds.ac.uk and reported to 
the REC in line with their guidance which you will find in section 13 
on, https://www.hra.nhs.uk/approvals-amendments/what-approvals-do-i-

mailto:governance-ethics@leeds.ac.uk
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.hra.nhs.uk%2Fapprovals-amendments%2Fwhat-approvals-do-i-need%2Fresearch-ethics-committee-review%2Fapplying-research-ethics-committee%2Fsl-ar2%2F&data=05%7C01%7Cumzie%40leeds.ac.uk%7C350bd7369c3240f5a50208dac0ab438c%7Cbdeaeda8c81d45ce863e5232a535b7cb%7C1%7C0%7C638034139058700564%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=WRyqrq66pq2C6eDHRltSat3OSLjSNPEkUJ1FrHipqEE%3D&reserved=0
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need/research-ethics-committee-review/applying-research-ethics-committee/sl-
ar2/. 

 

9.5 Protocol amendments 

Requests for any amendments to the study must be sent to the Sponsor by the 
Chief Investigator. The Sponsor will determine whether said amendments are 
substantial or non-substantial prior to their submission to the appropriate bodies 
for approval. Patients should be re-consented to the study if the amendments 
affect the information they have received, patient safety, or if the change alters 
the type or quality of the data collected for the study. Patients should only be re-
consented AFTER an amendment has been fully approved. 

 

10. Dissemination and publication policy  

Throughout the study we will engage with the Leeds Radiotherapy PPI group to 
update them of the study progression and interim findings. The research findings 
will also be published in a peer reviewed scientific journal and presented at 
relevant scientific meetings. 

The findings will be written up for publication in an appropriate journal. The main 
study results will be prepared for presentation and publication in peer reviewed 
journal(s).  Authorship for publications arising from the study will be determined 
by internationally agreed standards for peer reviewed publications. 
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APPENDIX B:ROC-oN Study Protocol  

 

 
 
 
 
 
 
 
Date……… 

 

Invitation to take part in the ROC-oN study: Radiotherapy for Oropharyngeal 
Cancer and impact on Neurocognition 

 
Dear ……….., 
 
You are being invited to take part in a research study funded by Yorkshire Cancer Research called 
ROC-oN: Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition. The study is 
sponsored by The University of Leeds. The purpose of the study is to understand more about 
what life may be like for people in the years that follow oropharyngeal cancer treatment. 
Oropharyngeal cancer is a type of head and neck cancer that develops in the oropharynx. 
Oropharyngeal cancers include cancers of the tonsil, base of tongue, soft palate, vallecula and 
pharyngeal walls (side and back of the throat).  
 
We would like to invite you to take part in this study as you were diagnosed with oropharyngeal 
cancer a number of years ago. A member of your clinical team at Leeds Teaching Hospitals NHS 
Trust or the Christie identified you as being eligible for the study. Enclosed with this letter is an 
information sheet about the study. Please take the time to read this information, and contact 
the researchers if you have any questions. Their details are provided at the end of the 
information sheet. You are under no obligation to participate, and if you decline to take part; it 
will not affect your hospital or GP care.  
 
The main way we will collect data is using a ‘one off’ paper survey and an online cognition test. 
The details of how to complete both are in the information sheet.  
 
Thank you for taking the time to consider participating. Every person’s contribution counts 
and we will be very grateful if you choose to take part. Your answers could help improve 
future cancer care and support. If we do not hear from you in 4 weeks we will send a reminder, 
unless you contact us to say you do not wish to be contacted again.  
 
Yours sincerely, 
 
 
The ROC-oN Research Team  
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ROC-oN: Radiotherapy for Oropharyngeal Cancer and impact on 
Neurocognition 

 

Participant Information Sheet 
 
The study has been funded by Yorkshire Cancer Research. The University of Leeds is the sponsor 
for the study. Before you decide if you want to take part, it is important for you to understand 
why the research is being done, and what it will involve. Please take the time to read this 
information sheet carefully. Talk to others about the study if you wish, and please use the 
contact details at the end of this information sheet if you have any further questions. 

Why are we carrying out the study?  
We want to understand more about what life may be like for people in the years that follow 
oropharyngeal cancer treatment. Patients treated with radiotherapy for oropharyngeal cancer 
receive a low dose of radiotherapy to the lower part of the brain. This can sometimes lead to 
side effects including fatigue (tiredness) and cognitive problems (these are things like difficulty 
with memory, language and attention). Our overall aim is to assess long term fatigue and 
cognitive problems in patients who have received radiotherapy for oropharyngeal cancer. To do 
this we are asking you and others like you to complete a ‘one-off’ survey and take part in an 
online cognitive test. The cognitive test is a series of short game-like tasks that are designed to 
measure for example, memory, language, and attention. We hope that the study findings will 
raise awareness of treatment-related side effects and inform future research to help manage 
and/or reduce side effects.  

Why have I been invited? 
You have been invited to take part in the study because you were diagnosed with oropharyngeal 
cancer and treated with radiotherapy at least two years ago and were under the care of The 
Leeds Teaching Hospital NHS Trust or The Christie NHS Foundation Trust.  
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How did we identify you to take part in this study? 
Your clinical team at Leeds Teaching Hospitals NHS Trust have identified from your hospital 
records that you had radiotherapy for oropharyngeal cancer at least two years ago and are 
therefore eligible to take part in this study. The Health Research Authority (after advice from the 
Confidentiality Advisory Group CAG) has provided support to access your contact details 
specifically for the purposes of this research. Support was provided under Section 251 of the 
NHS Act 2006. Below is a diagram of how we have accessed your data and how we will process 
your data in the future.  

 

Do I have to take part? 
No. It is completely your choice if you want to take part. You can take as much time as you need 
to make this decision. If you decline to take part, this will not affect your GP or hospital care in 
any way. If you wish to decline the study, please return the questionnaire uncompleted in the 
freepost envelope so that we do not contact you again. Alternatively, you can contact the 
research team (details at the end of the information sheet) giving your unique participant 
identification number (PID), stating that you want to opt out of the study. You can find your 
unique PID on the top left-hand corner of the invitation letter, and on the top left-hand corner 
the survey. 

 

How do I take part? 

Part 1) Survey  

Please read the information on the front of the survey carefully. The survey is made up of six 
sections, which include questions about health, feelings/mood, fatigue, cognition (e.g. memory) 
and employment. If you are happy to take part please complete the consent form on the 
second page.  

Then complete the questions, following the instructions in each section of the survey. If possible, 
we would like everyone to answer all of the questions, even if you don’t have any problems in 
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those areas. Some survey questions are on topics which you may find personal or sensitive; all 
answers are stored confidentially and will not be linked to any identifiable information about 
you. If you don’t want to answer a specific question, you can choose to miss it out. The survey 
takes around 30 minutes to complete. 

Once complete please return the questionnaire in the freepost envelope provided.  

Please complete Part 1 even if you do not wish to complete part 2.  

Part 2) Online cognition assessment 

We would also like you to take part in an online cognition test. Again it is completely your choice 
if you want to take part, you can complete the survey without completing the cognition test. 
The cognition test we are using is called the Amsterdam Cognition Scan (ACS). This can be 
completed with a computer or laptop with separate mouse. If you do not have access to a 
personal computer or internet but would still like to take part, please contact the research team 
who can support with this.  

If you are happy to take part please use your unique link provided in the box below. This will 
take you to the ACS website where you can follow instructions and complete the cognitive test. 
The assessment should take around 45 minutes to complete.  

Please note, the ACS is a research tool and is not designed to make clinical diagnoses. As such, 
you will not receive any clinically relevant results after you have completed the ACS.  

Part 3) Interview  

To learn more about people’s experiences after head and neck cancer, we want to interview a 
small number of people. There is a chance that after you have completed the survey/cognition 
assessment we may ask if you could like to take part in a study interview. If you are happy to be 
contacted about an interview at a later date and given more information then please agree to 
this on the survey consent form (by ticking the last box). If you do agree to be contacted about 
the interview your name and telephone number will be passed to the research team at The 
University of Leeds to contact you. If you are contacted about an interview and given more 
information, this does not mean you have to take part, you can choose to not take part at any 
time.  If you do not want to be contacted about an interview, please leave the box blank. Please 
note not everyone will be asked to partake in an interview, and our invitations are not based on 
responses to the survey or cognitive test.  

How long do I have to take part? 
Please return the survey and complete the online cognition assessment as soon as you are able 
to. We cannot process responses received after 6th March 2023.  

How will we use information about you?  
We will need to use information from your medical records for this research project. This 
information will include your name, contact details, age, sex, head and neck cancer diagnosis 

 

https://acs-opc.neurotask.com/token/login/ 
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and treatment (e.g. date of radiotherapy completion and details of any other treatments used). 
People will use this information to do the research. For example, we will look at some of your 
clinical data, in terms of you, your diagnosis and treatment (e.g., radiotherapy doses, whether 
or not you also had chemotherapy), to see how this may impact on the outcomes of your survey 
and ACS. Data will be shared between Leeds Teaching Hospitals NHS Trust and The Christie but 
all shared data will be de-identified.  

People who do not need to know who you are will not be able to see your name or contact 
details. Your data will have a code number instead (PID number). We will keep all information 
about you safe and secure. No personally identifiable information (such as your name or 
address) will be attached to your survey or cognitive assessment responses. There will be no 
way to identify an individual from their answers.   

This de-identified data will be stored securely on password protected NHS computer. This non-
identifiable data will be securely linked, using only your PID number to your hospital records to 
ensure complete confidentiality.  

We will keep anonymised information about you from this study for 5 years after the study has 
finished, to potentially support other research in the future. Only members of the research team 
and responsible members of the University of Leeds may be given access to data about you for 
monitoring purposes and/or to carry out an audit of the study to ensure that the research is 
complying with applicable regulations. Individuals from regulatory authorities (people who 
check that we are carrying out the study correctly) may require access to your data. All of these 
people have a duty to keep your information, as a research participant, strictly confidential. 

Once we have finished the study, we will keep some of the data so we can check the results. We 
will write our reports in a way that no-one can work out that you took part in the study. 

 

Is there a downside to taking part? 
If you do decide to take part then we will be asking you for some of your time, but we have 
planned this study so this would be minimal. We do not foresee any risks or disadvantages to 
you as a result of taking part in the study. However, some of the questions in the survey are on 
topics which some people might find sensitive (e.g. your emotions). While we hope this won’t 
be necessary, you can choose to skip a question that makes you feel uncomfortable.  

While completing the online cognitive test, it is not possible to skip parts. Although some people 
enjoy the online tasks, others could find it a bit stressful. Please keep in mind that the test 
performance doesn’t matter, as long as you do your best. It is meant to be challenging, so please 
don’t worry if you feel you have made mistakes. Should you feel upset after completing the 
survey or the cognitive test, please contact your head and neck cancer nurse specialist. 

What are the possible benefits of taking part? 
There are no direct benefits to you taking part in this research study. Some people gain 
satisfaction from feeling that they are helping others in the future. Many patients find taking 
part in research a positive experience. By taking part in this research, you could help inform 
future oropharyngeal cancer care and services. 
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What will happen if I don’t want to carry on with the study? 
Participation in this study is voluntary. You can stop being part of the study at any time, without 
giving a reason, but we will keep information about you that we already have. Your future care 
or treatment will not be affected in any way by your decision. Use the contact details provided 
at the end of this information sheet to contact a member of the research team to withdraw. 

 

What will happen to the results of the research study? 
The results of the research study are likely to be published in an academic journal. The findings 
will also be fed back to Yorkshire Cancer Research and NHS colleagues, which will help to inform 
future health care support. No participant will be identifiable in any report or publication, all 
identifiable data will be removed.  

You will be able to follow the progress of the study and study outcomes by visiting the research 
team website: https://pcor.org.uk/research   

If you decide to partake in the study, you will receive an overview of the study findings by post.  

 

Where can you find out more about how your information is used?  
You can find out more about how we use your information:  

at www.hra.nhs.uk/information-about-patients/  

 at the University of Leeds privacy notice: https://dataprotection.leeds.ac.uk/wp-
content/uploads/sites/48/2019/02/Research-Privacy-Notice.pdf  

by asking one of the research team (contact details at the end of the page)  

by sending an email to the Data Protection Officer on dpo@leeds.ac.uk  

 

Who has reviewed the study?  
The study has been reviewed by head and neck cancer patients, experts in this area of research, 
and received favourable opinion by the West Midlands – Solihull NHS Research Ethics 
Committee on 18th October 2022.  

 

What if I have any complaints?  
If you have any concerns about any aspect of the study please speak to the researchers who will 
do their best to answer your questions. Their contact details are at the end of this information 
sheet. If you remain unhappy you may wish to contact your local Patient Advice and Liaison 
Service (PALS): 

Leeds Teaching Hospitals NHS Trust: 0113 2066261 or patient.relations@leedsth.nhs.uk  

The Christie NHS Foundation Trust: 0161 446 8217 or the-christie.pals@nhs.net 

https://pcor.org.uk/research
mailto:dpo@leeds.ac.uk
mailto:the-christie.pals@nhs.net
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What if I need more information in another language?  

If you would like this study information in a language other than English, then please contact 

0113 206 8330. 

Jeśli chcesz otrzymać informacje o badaniu w języku innym niż angielski, prosimy o kontakt 

0113 206 8330. 

8330 206 0113الاتصال إذا كنت ترغب في الحصول على معلومات الدراسة ھذه بلغة أخرى غیر الإنجلیزیة ، فیرجى  . 

“ਜੇ ਤੁਸੀ ਂਇਸ ਅਿਧਐਨ ਦੀ ਜਾਣਕਾਰੀ ਅੰਗਰੇਜ਼ੀ ਤ� ਇਲਾਵਾ ਿਕਸੇ ਹੋਰ ਭਾਸ਼ਾ ਿਵੱਚ ਚਾਹੁੰਦੇ ਹ,ੋ ਤਾਂ ਿਕਰਪਾ ਕਰਕੇ 
ਸੰਪਰਕ ਕਰੋ 0113 206 8330. 

، تو براە کرم رابطہ ک��ں۔  206 0113 ا�ر آپ انگ��زی � علاوە ک� اور ز�ان منی اس مطالعہ � معلومات چاہ�ت ہنی

8330. 

আপিন যিদ ইংের�জ ছাড়া অন� েকােনা ভাষায় এই অধ�য়েনর তথ� চান, তাহেল অনু�হ কের 

েযাগােযাগ ক�ন 0113 206 8330. 

 

 

 

 

 

 

 

 

 

Thank you for considering taking part in this research. If you have any questions please ask. 

 

 

 

 

 

 

 

 

                                                                                                                                      

How to contact us 

If you have any concerns or questions about this study at any time, please contact 
one of the research team:  
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APPENDIX C:CNS ATALS 

The CNS structures included in this atlas were compiled by integrating structures 
identified from existing literature and the published European Particle Therapy 
Network (EPTN) atlas, which delineates CNS organs at risk (CNS-ROIs)[1, 2]. 
CNS-ROIs included in alphabetical order are amygdala-hippocampus (contoured 
as one structure), brainstem (midbrain, pons, medulla oblongata), cerebellum 
(anterior & posterior contoured separately), temporal lobes (right and left 
contoured separately) and thalamus. Consensus was reached after multiple 
multidisciplinary meetings (ZIE, LM, SC), resulting in a final draft of the atlas. 

 

CNS Atlas 

i. Amygdala-hippocampus (Hippocampus and Amygdala)  

The hippocampus is a bilaminar gray matter structure medial to the temporal lobe, 
protruding over the temporal horn of the lateral ventricle and occupies the medial 
region of its floor, resembling a seahorse in the axial plane[3].It’s medial border 
is the quadrigeminal cistern [4]. The size of hippocampus ranges from 2.8–4.0 
cm3[4]. The amygdala is a 1-2cm3 olive-shaped gray matter structure located in 
the anteromedial part of the temporal lobe, superior to the hippocampus with a 
thin layer of white matter separating the two structures[2]. The contouring 
approach was slightly adjusted and these two structures  contoured as one to 
account for the limitations associated with co-registration, imaging  constraints 
and recognition of the robust and complex interconnections between discrete 
amygdala nuclei and distinct layers of individual hippocampal/para-hippocampal 
regions[5]. 

 

ii. Brainstem  

The brainstem which is made up of three parts, midbrain, pons and medulla 
oblongata was contoured as one structure. Cranial limit is the nigral substance at 
the cerebral peduncle and caudal boundary is the tip of the dens of C2 i.e.  the 
odontoid peg[1, 6] 
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iii. Cerebellum  

The cerebellum is divided into the anterior and post  cerebellum by the primary 
fissure[7] and was contoured separately. Anterior cerebellum consists of the 
cranial part of the cerebellum including half of the medullary corpus [8]. The 
posterior cerebellum consists of the caudal and posterior part of the cerebellum 
with a cranial border including the lower half of the medullary corpus[8]. The 
lateral borders for both parts are the large vessels (the sigmoid sinus, transverse 
sinus and superior sagittal sinus) and CSF.  

 

iv. Temporal Lobe 

The temporal lobe is located mainly in the middle cranial fossa, close to the skull 
base and inferior to the lateral Sylvian fissure[9, 10]. The boundaries are 
superiorly the lateral sulcus (Sylvian fissure), which separates it from the frontal 
and parietal lobes[11, 12]. Its posterior boundary is defined by an imaginary line 
connecting the parieto-occipital sulcus and the pre-occipital notch[11, 12]. Its 
anterior and inferior boundaries are formed by the middle cranial fossa[11, 12].  

 

v. Thalamus  

The thalami are egg-shaped grey-matter masses, approximately 4 cm long and 
it can be asymmetrical[2]. It is bound medially by the third ventricle and laterally 
bound by the posterior limb of the internal capsule [2].Superiorly, each thalamus 
forms part of the floor of the lateral ventricle 

 



243 
 

 

The table below illustrates the role of CNS-ROIs in neurocognition and fatigue 

 Structure  Role in Neurocognition Dose 
association 
with 
fatigue 
(yes/no) 

Posterior 
Fossa 

 

 

 

Cerebellum  Anterior cerebellum:  

This is the sensorimotor 
cerebellum 

 

 

Posterior cerebellum  

This is the cognitive 
cerebellum and is implicated 
in executive function, visual 
spatial processing, language, 
memory and regulation of 
affect[8, 13]. 

Yes [14, 15] 

Temporal 
Lobe 
structures 

 

 

Amygdala-
hippocampus  

Amygdala: 

Cognitive-emotional 
behaviours; evaluates and 
integrates sensory 
information, assigning 
emotional value to them 

[16, 17]. 

 

Hippocampus: 

Integrates and retrieves 
spatial as well as non-spatial 
information and damage 
results in deficits in episodic 
memory and spatial 
memory[18, 19] 

No 
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Other 
supratentorial 
structures 

 

 

Temporal 
lobe  

 

 

 

 

 

Thalamus  

Temporal lobe:  

Involved in verbal or 
visuospatial memory, 
executive function, language 
processing and social 
behaviour [20, 21].  

 

Thalamus: 

Large number of nuclei with 
different functional properties. 
Plays a role in learning, 
memory, and flexible 
adaptation[22, 23]. 

 

No 

 Brainstem  

 

 

Intrinsic part of the 
cerebellocerebral network that 
subserves cognition and 
affect. Involved in executive 
function, attentional and 
general intellectual 
capacity[24, 25]  

Yes[14] 

Table 1. CNS ROIs and association with cognition and fatigue  
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APPENDIX D:Face To Face Neurocognitive Assessment and the 
Amsterdam Cognition Scan  

Trail making A&B (Connect the dots I&II) 

The Trail Making Test, consisting of two parts (A and B), was undertaken  to 
assess attention and processing speed. 

• Part A : participants were asked  to draw lines sequentially connecting 25 
encircled numbers (1–25), randomly distributed on a page, as quickly and 
accurately as possible. This part primarily assessed visual attention and 
processing speed. 

• Part B: involved alternating between numbers and letters in ascending 
order (i.e., 1-A-2-B-3-C, etc). Similarly to part A, participants were asked 
to draw lines sequentially from numbers to  letters as quickly and 
accurately as possible. This part assessed switching executive function. 

 

Performance was measured by the time taken to complete each part, with longer 
completion times indicating greater impairment. Errors made while completing 
either part of the test were corrected before continuing. 

 

Rey Auditory Verbal Learning Test-RAVLT  

This test has three parts (A, B and C) and assesses verbal learning and memory.  

• PART A (Free Recall): In the free recall component, a list of 15 words was 
read out to the participant who were then asked to recall as many words 
as possible, in any order. This was done 5 consecutive times.  

 

• Part B (Delayed Recall): After a 20–30-minute delay that was filled with 
other cognitive assessments, participants were asked to recall the list of 
words once more. 

 

• Part C (Recognition Trial): Following the delayed recall trial, a recognition 
task was administered. Another, longer list of words was read out to the 
participant comprising of all 15 words from the original, interspersed with 
an equal number of distractor words, not previously presented. For each 
word, participants were asked to indicate whether each word was part of 
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the original list by responding “Yes” if they recognised it as previously 
presented or “No” if they did not. 

 

The primary outcome measures included the total number of words recalled 
across the five trials (recall), the number of words recalled after the delay 
(delayed recall) and the number of correctly identified target words (delayed 
recognition).  

 

Visual Reaction Time  

Visual reaction time was assessed using a computerised task designed to 
measure sensorimotor response speed.  

Participants were instructed to respond as quickly as possible to the appearance 
of a visual stimulus (a white square) on a computer screen. Upon detection of the 
stimulus, participants were required to click the mouse using their dominant hand. 
The square would then disappear, and after a variable interval another white 
square would appear. This process was repeated several times.  

The outcome measure was the mean reaction time (in milliseconds) across all 
trials. 

 

Tower of London (Place the beads) 

This test assesses attention, executive problem solving and planning.  

The test involved a narrow board with three vertical pegs of varying heights and 
3 coloured balls which were placed on the pegs to form different patterns, while 
adhering to certain rules (only one ball could be moved at a time and no peg could 
hold more balls than its capacity allowed). Both the participant and examiner have 
a board with pegs and balls. 

For each trial, on the participant’s board, the balls were placed on the pegs in a 
starting configuration while the examiners board had a goal configuration. 
Participants were then asked to move the balls from the starting configuration to 
match the goal configuration, using the minimum number of moves possible. 

Participants were instructed to plan their moves mentally before executing them 
and to solve each problem as efficiently as possible.  Trials varied in difficulty with 
some tasks requiring more moves e.g., 4-move to 7-move problems. 
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Outcome measures included: total number of extra moves, total number of rule 
violations, total number of unsolved problems and total number of correctly solved 
problems. 

 

 Corsi Block Tapping  

A computerised task was used to assess visual-spatial working memory.  

Participants were shown a grid of boxes on the screen, where a subset of boxes 
lit up one at a time in a specific sequence. The task required participants to  recall 
both the location and order in which the boxes were illuminated. The number of 
boxes illuminated increased across several trials.  

The test measured the Corsi-span, which is the longest sequence length the 
participant can correctly reproduce at least twice out of three trials at that level. 
The outcome used was the Corsi span length). 

 

Grooved Peg Board (Fill in the grid)  

This assessed motor impairment (speed of fine motor movement) and required 
visual motor coordination to complete.  

This test used a metal board containing holes, each with a randomly positioned 
grooves. Participants were required to insert key-shaped pegs into these holes 
as quickly as possible. The grooves in both the pegs and the holes had to be 
aligned for insertion.  

The test was conducted separately for each hand (dominant and non-dominant), 
with the dominant hand assessed first. Participants were given instructions to 
insert all pegs one at a time into the board as quickly and accurately as possible, 
using only the designated hand.  

The outcome measure was the completion time (in seconds) for each hand. 

 

Wechsler Adult Intelligence Scale :WAIS-III (Digit sequence I &II) 

The Digit Span subtest from the Wechsler Adult Intelligence Scale (WAIS) was 
used to assess attention, immediate verbal memory, and working memory. The 
Digit Span I (forward) and Digit Span II (backward) were used.  

•  Digit Span I: Participants were read sequences of digits at a rate of one 
per second and were asked to repeat them in the same order.  
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• Digit Span II: Participants were read sequences of digits similar to above 
but were  asked to repeat the digits in reverse order. 

Each trial increased in difficulty as the number of digits presented increased. 
Testing continued until the participant failed both trials at a given sequence 
length. 

The outcome measure was the total Digit Span score (sum of score in Digit Span 
I and II). 

 

Amsterdam Cognition Scan  

The Amsterdam Cognition Scan (ACS) was administered online. Participants 
were instructed to complete the assessment in a quiet environment, free from 
interruptions. They were advised to minimise distractions (e.g., silencing phones 
or pausing other activities) to optimise consistency and reliability of performance. 
These standardised instructions were provided via recorded instruction once 
participants logged on.  

The online Amsterdam cognition scan comprised the following test selected for 
their similarity to the face-to-face assessments described above. 

 

ACS test Outcome measure Domain Assessed 

Connect the dots I 

and II 

Completion time in seconds (I and II) Visuomotor tracking, 

planning , cognitive 

flexibility and divided 

attention  

Wordlist Learning Total number of correct words (trial 1 

to 5) 

Learning and memory 

Reaction speed Mean reaction time in seconds Processing speed 

Place the beads Total number of extra moves Planning , response 

inhibition ,visuospatial 

memory  

Box tapping Total number of correctly repeated 

sequences 

Visuospatial short-term 

memory  

Fill the grid Completion time in seconds Motor functioning 

Word list recall and 

recognition 

Total number of correct words, free 

recall and recognition 

Retention of information : 

free recall and recognition  
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Digit sequence I and 

II 

 

Total number of correctly repeated 

sequence forward and backward 

Attention 

Attention and working 

memory 

 Summary of the Amsterdam Cognition Scan, relating the test to the outcome measure and to the 

neurocognitive domain assessed
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APPENDIX E:Interview Guides 

Development of the Interview Guide 

The semi-structured interview guide was developed iteratively, informed by a 
review of the relevant literature as well as the overarching research questions 
guiding this study. Input was also sought from senior  colleagues experienced in 
qualitative research. Questions were designed to be open-ended and 
exploratory, allowing participants to reflect on their experiences and perceptions 
in depth. 

 

Data Analysis Approach 

Thematic analysis was conducted following Braun and Clarke’s (2006) six-phase 
framework. Their updated guidance for reporting (Braun & Clarke, 2021) was also 
used to ensure transparency and rigour in the analytic process. The phases 
followed are outlined below: 

1. Familiarisation with the data: Transcripts were read and re-read, with 
initial notes made. 

2. Generating initial codes: Systematic coding was applied across the 
dataset capturing features of interest. 

3. Searching for themes: Codes were reviewed and grouped into broader 
themes based on patterns. 

4. Reviewing themes: Themes were refined by checking against the 
coded extracts and the entire dataset to ensure coherence and 
distinction. 

5. Defining and naming themes: Final themes were clearly defined and 
named, with attention to the overall narrative they represented in relation 
to the research questions. 

6. Producing the report: A narrative account was constructed, supported 
by representative participant quotes, highlighting key findings and their 
relevance to the wider context. 

This structured approach ensured a reflexive, transparent, and methodologically 
sound analysis of the qualitative data. 

 

 



252 
 

 

 

 

 

 

ROC-oN: Radiotherapy for Oropharyngeal Cancer and impact on 
Neurocognition 

Participant Information Sheet – Interview 
 

Why are we doing the interviews?  
As you already know, we have been asking people about their experiences in the years after 
being treated with radiotherapy for oropharyngeal cancer. As well as collecting the survey and 
online cognitive test data we are inviting some participants to take part in an interview. We want 
to do these interviews to better understand some of the things we asked about in the survey, 
such as fatigue and cognition.  
 

What happens if I agree to take part?  
If you agree to participate, we will ask you to sign a consent form. Then we would like to 
interview you once. The duration of this interview will be around 60 minutes (maximum 90 
minutes), and the interview will be audio recorded. The interview can be shortened if needed. 
The interview will take place at a location you prefer (e.g. at your home), at a time that is 
convenient for you. We can also do the interview over the phone or with a video call if you 
prefer. If you decide to participate in a phone or video call interview, we will ask if you can sign 
a consent form (sent by post), if this is not possible we will ask you for your verbal consent to 
agree to participate, this will be audio recorded.  

The interview will be an informal discussion between yourself and one of our 
researchers. We will ask you questions like:  

- How has your memory been since diagnosis and treatment for cancer? 
- Does fatigue affect your daily life?  
- Have you ever sought/received support for fatigue? 

 

Is there a downside to taking part?  
There is a possibility in the interviews that we may ask you about some things that you find 
difficult or upsetting. If this happens, we can take a break, you can always choose to skip 
questions, or we can stop the interview if you wish.  
 

Are there any benefits of taking part?  
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We do not expect that you will personally benefit from the study, although we hope that the 
information and experiences you share will help us to improve patient care in the future.  
 

What will happen if I don’t want to carry on with the study?  
If you agree to take part and then later decide you want to stop being in the study that is OK. 
You can withdraw from the study at any time, without having to give a reason why. Also, your 
care or treatment will not be affected in any way by your decision. If you stop being a part of 
the study, we will keep the information about you that we have already collected.  
 
 

How will we use information about you?  
Your participation and the information we collect about you during the research will be kept 
strictly confidential. The researcher will record the interview. After the interview, we will use 
the recording to type out everything that was discussed. Once this has been done, the recording 
will be deleted. An external transcription service may be used to type up your interview, any 
transcription service used is fully vetted and confidentiality agreements are in place to ensure 
any information you share during the interview is kept confidential during the transcription 
process. No medical or personal details are shared with the transcription service.  
When we present any findings of our study we will not name or identify you in any way. We may 
use some of the words you say in your interview in our study reports and publications but no 
one will know it is you. 
The only situation in which we might need to share information about you with others would be 
if the researchers observe or hear anything that causes very serious concern about your or an 
others health, safety or well-being. If this happens the researchers have a duty to inform an 
appropriate professional. We would make every effort to explain to you why we need to share 
this information before doing so. 
 
University of Leeds is the sponsor for this study. We will need to use information from you for 
this research project. This information will include your name and contact details (shared with 
the research team at University of Leeds). People will use this information to do the research or 
to check your records to make sure that the research is being done properly. People who do not 
need to know who you are will not be able to see your name or contact details. Your data will 
have a code number instead. We will keep all information about you safe and secure. 
 
All electronic data will be stored on a secure, password-protected University of Leeds database 
server, accessible only to the research team. Only members of the research team and 
responsible members of the University of Leeds may be given access to data about you for 
monitoring purposes and/or to carry out an audit of the study to ensure that the research is 
complying with applicable regulations. Individuals from regulatory authorities (people who 
check that we are carrying out the study correctly) may require access to your data. All of these 
people have a duty to keep your information, as a research participant, strictly confidential. 
 
Electronic, anonymised interview data will be stored on password protected University of Leeds 
computers for 5 years. After this arrangements will be made to place the data into an archive. 
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What will happen to the results of the research study? 
The results of the research study are likely to be published in an academic journal. The findings 
will also be fed back to Yorkshire Cancer Research and NHS colleagues, which will help to 
inform future health care support. Any summary interview content, or direct quotations from 
the interview, that are made available through reports and publications will be anonymised so 
that you cannot be identified.   

You will be able to follow the progress of the study and study outcomes by visiting the 
research team website:  

If you decide to partake in the study, you will receive an overview of the study findings by post.  

Where can you find out more about how your information is used?  
You can find out more about how we use your information:  

• at www.hra.nhs.uk/information-about-patients/  
•  at the University of Leeds privacy notice: https://dataprotection.leeds.ac.uk/wp-

content/uploads/sites/48/2019/02/Research-Privacy-Notice.pdf  
• by asking one of the research team (contact details at the end of the page)  
• by sending an email to the Data Protection Officer ondpo@leeds.ac.uk  

Who has reviewed the study?  
All research in the NHS is also approved by a Research Ethics Committee, an independent 
group that works to protect your interests.  

What if I have any complaints?  
If you have any concerns about any aspect of the study please speak to the researchers who 
will do their best to answer your questions. Their contact details are at the end of this 
information sheet. If you remain unhappy you may wish to contact your local Patient Advice 
and Liaison Service (PALS): 

Leeds Teaching Hospitals NHS Trust: 0113 2066261 or patient.relations@leedsth.nhs.uk  

The Christie NHS Foundation Trust: 0161 446 8217 or the-christie.pals@nhs.net 

What’s next?  
Please let the researcher know whether you would like to take part in an interview or if you 
have any questions. 

 

 

 

 

 

Thank you for considering taking part in this research. If you have any questions please ask. 

How to contact us 

If you have any concerns or questions about this study at any time, please contact one of the 
research team:  

 

mailto:dpo@leeds.ac.uk
mailto:the-christie.pals@nhs.net
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ROC-oN study 

Radiotherapy for Oropharyngeal Cancer and impact on Neurocognition 

 

Interview guide 

Opening   

 Establish rapport   

Introduce yourself and the project.   

Purpose and motivation   

Explain the aims of the interviews.  

 

Practicalities   

Explain how long the interview should take and explain they can take breaks 
whenever needed. Adhere to ethical standards: explain the audio-recording, 
confidentiality, their right to opt-out without affecting care. Ask if any questions.   

Start audio-recording.  

 

Consent to participate    

If a physical consent form has been signed reconfirm the participant is happy to 
continue and gives their consent to participate. If no physical consent form can 
be taken then run through the patient consent form with them, asking them to 
state that they consent to participate. Stop recording following consent and start 
again before commencing with interview.   

Part 1- Background   

Can you please tell me a little about you in any way you would like to?   
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Your relationship status/family/children?   

Education background 

What are your interests/what do you like to do in your spare time?    

Can you now tell me more about when you were diagnosed with oropharyngeal 
cancer?   

When were you diagnosed?  

Can you tell me what symptoms you had leading up to your diagnosis?  

Can you now detail the treatment you received?  

 

  

Part 2 – Fatigue 

This study is interested in fatigue, and when we say fatigue, we mean a lack of 
energy and motivation —both physical and emotional. What can you tell me 
about your fatigue levels since diagnosis and treatment for cancer?  

 

When did you first notice the fatigue start/change?  

How severe would you say the fatigue is?  

Does fatigue affect your daily life? - work, social, relationships, etc.  

Do you feel your fatigue levels affect your mental-wellbeing?  

How do you manage your fatigue? – anything that has helped/not helped 

Have you ever sought/received help? (medical, therapeutic, professional 
services) 

Can you remember if changes to fatigue was discussed as a side effect prior to 
treatment? – Essentially were you aware of fatigue as a potential side effect?  

Is there anything you wish you had known? 

What advice (if any)do you have for other patients/caregivers/healthcare 
providers  

Part 3 – Cognition 

We are also interested in cognition. Cognition is a term that covers things like 
memory, thinking and attention. What can you tell me about your 
memory/thinking/attention since diagnosis and treatment for cancer? 

When did you first notice any changes in cognition (what they have described)? 
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Have these cognitive changes impacted on your daily life? – work, social, 
relationships etc.  

Do you feel your cognitive challenges affect your mental wellbeing? 

Is there anything that has helped/not helped (compensatory strategies – How 
do you manage…?) 

Have you ever sought/received help? (medical, therapeutic, professional 
services) 

Can you remember if changes to cognition was discussed as a side effect prior 
to treatment? – Essentially were you aware of cognitive changes as a potential 
side effect?  

Is there anything you wish you had known? 

What advice (if any) do you have for other patients/caregivers/healthcare 
providers  

 

Part 4 – other side effects 

And can you tell me about any other side effects you have had since your 
diagnosis and treatment? 

Have these side effects impacted your daily life? - work, social, relationships 
etc.  

Do you feel these side effects affect your mental health?  

What would you say is the biggest symptom/side effect of your 
diagnosis/treatment? 

Have you ever sought/received help for these symptoms/side effects? 

 

Part 5 – Feedback from the Online Cognition Assessment (Amsterdam 
Cognition Scan) 

Now if it’s ok with you, we would like to get your experiences of using the online 
cognition assessment we asked you to complete. 

How did you find the tool to use?  

How long did approximately did it take you to complete the assessment?  

Did you find that amount of time acceptable? 

Did you find the tasks interesting?  

Were there any aspects of it you found difficult? 
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Did you find accessing the website/assessment ok?  

Did you require any support in using it?  

Do you think there are any advantages or disadvantages to doing a cognition 
test online instead of face-to-face? 

Do you have any suggestions on how the assessment could be improved? 

 

End of the interview   

Is there anything else that you think we need to know?  

Do you have any questions?  

How have you found this interview?  
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NOC-Rad 

Neurocognition in Oropharyngeal Cancer following Radiotherapy 

 

Interview Template 

Opening    

Establish rapport.   

Introduce yourself and the project.   

Purpose and motivation   

Explain the purpose of the interviews.  

Practicalities: Explain how long the interview should take and explain that the 
participant can take breaks whenever needed. Adhere to ethical standards: 
explain the interview will be recorded, that it will be kept confidential and the 
person’s right to opt-out at any time without their care being affected.  Ask if the 
person has any questions.   

Start audio-recording.  

 

 

Consent to participate 

If a physical consent form has been signed reconfirm the participant is happy to 
continue and gives their consent to participate. If no physical consent form can 
be taken then run through the patient consent form with them, asking them to 
state that they consent to participate. 

 

   

Narrative on Background:  

Could you tell me how things have been since you completed treatment for your 
oropharynx cancer. 
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Fatigue 

This study is interested in fatigue, and when we say fatigue, we mean a lack of 
energy and motivation —both physical and emotional. What can you tell me about 
your fatigue levels since diagnosis and treatment for cancer?  

 

• When did you first notice the fatigue start/change?  

• How severe would you say the fatigue is?  

• Can you describe how fatigue affects your daily life? (- work, social, 
relationships, etc.) 

• How do you feel your fatigue levels affect your mental wellbeing?  

• How do you manage your fatigue? – anything that has helped/not helped 

• Have you ever felt you need to seek help or received help for your fatigue? 
(medical, therapeutic, professional services) 

 

 Cognition 

We are also interested in cognition. Cognition is a term that covers things like 
memory, thinking and attention. What can you tell me about your 
memory/thinking/attention since diagnosis and treatment for cancer? 

• When did you first notice any changes in cognition (what they have 
described)? 

• How do you feel your cognition, or any cognitive challenges affect your 
mental wellbeing? 

• What strategy(ies) have you found has helped?   (How do you manage…?) 

• Have you ever felt you need to seek help or received help? (medical, 
therapeutic, professional services) 

• Can you remember if changes to cognition was discussed as a side effect 
prior to treatment? – Essentially were you aware of cognitive changes as 
a potential side effect?  

 

Impact on daily life 

• What effect, if any, did the above changes have on your daily life? – work, 
relationships?  
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• Can you describe if fatigue or cognition restrict you in any way?  

• Have you made any changes to the way you live because of 
neurocognitive changes and fatigue since your cancer treatment? 

 

Future 

• What impact do you think neurocognitive changes and fatigue might have 
on your life in future? Any concerns? 

• Is there anything you wish you had known? 

• What advice (if any) do you have for other patients/caregivers/healthcare 
providers  

 

 Feedback from the Online Cognition Assessment (Amsterdam Cognition 
Scan) 

Now if it’s ok with you, we would like to get your experiences of using the online 
cognition assessment we asked you to complete. 

 

• How did you find the tool to use?  

• How long did it approximately take you to complete the assessment?  

• How acceptable did your find the amount of time taken to complete the 
assessment? 

• How interesting did you find the tasks? 

• Were there any aspects of it you found difficult? 

• How did you find accessing the website/assessment?  

• Describe any support you required in using it?  

• Do you think there are any advantages or disadvantages to doing a cognition 
test online instead of face-to-face? 

• Do you have any suggestions on how the assessment could be improved? 

• How do you feel the online cognitive assessment (ACS) compared to face-
to-face assessments – for participants of the cross-over study only  

 

End of the interview   

 



262 
 

 

• Is there anything else that you think we need to know?  

• Do you have any questions?  

• How did you find this interview?  
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APPENDIX F:  Search Terms 

The literature search was conducted for studies published up to 27th July 2022, 
The following Medical Subject Headings (MeSH) terms and keywords were used 
to construct the search strategy  for the systematic review.  

 

 

1 (head and neck canc*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 33082 

2 (head and neck carcino*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 2526 

3 (head and neck neoplas*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 62677 

4 (head and neck malignan*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 1634 

5 (head and neck tumo*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 4749 

6 (head and neck squamous cell canc*).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, floating sub-heading word, 
keyword heading word, organism supplementary concept word, protocol 
supplementary concept word, rare disease supplementary concept word, 
unique identifier, synonyms] 790 
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7 (head and neck squamous cell carcin*).mp. [mp=title, abstract, original 
title, name of substance word, subject heading word, floating sub-heading word, 
keyword heading word, organism supplementary concept word, protocol 
supplementary concept word, rare disease supplementary concept word, 
unique identifier, synonyms] 13533 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 80452 

9 oropharyngeal canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 4566 

10 oropharynx canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 425 

11 oropharyngeal carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 1347 

12 oropharynx carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 111 

13 oropharyngeal neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 7028 

14 oropharynx neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 9 



265 
 

 

15 oropharyngeal tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 488 

16 oropharynx tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 54 

17 oropharyngeal malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 102 

18 oropharynx malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 5 

19 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 9630 

20 tons* canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 451 

21 tons* carcino*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 347 

22 tons* neoplas*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 2882 

23 tons*tumo*.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 7 
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24 tons*malignan*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 0 

25 20 or 21 or 22 or 23 or 24 3147 

26 base of tounge canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 0 

27 tounge base canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 0 

28 soft palate canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 13 

29 soft palate carcin*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 16 

30 26 or 27 or 28 or 29 28 

31 oral cavity canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 1506 

32 oral cavity carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 300 

33 oral cavity neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
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concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 46 

34 oral cavity tumo*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 327 

35 oral cavity malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 77 

36 31 or 32 or 33 or 34 or 35 2139 

37 sinonasal canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 363 

38 sinonasal carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 300 

39 sinonasal neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 137 

40 sinonasal tumo*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 540 

41 sinonasal malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 526 

42 37 or 38 or 39 or 40 or 41 1558 
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43 laryngeal canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 6942 

44 larynx canc*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 1035 

45 laryngeal carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 4106 

46 larynx carcino*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 400 

47 laryngeal neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 28839 

48 larynx neoplas*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 1463 

49 laryngeal tumo*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 1066 

50 larynx tumo*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 169 

51 laryngeal malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
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concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 224 

52 larynx malignan*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 21 

53 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 31661 

54 nasopharyngeal canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 2321 

55 nasopharynx canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 164 

56 nasopharyngeal carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 15580 

57 nasopharynx carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 94 

58 nasopharyngeal neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 18051 

59 nasopharynx neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 365 
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60 nasopharyngeal tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 473 

61 nasopharynx tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 82 

62 nasopharyngeal malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 107 

63 nasopharynx malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 3 

64 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 23207 

65 hypopharynx canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 152 

66 hypopharyngeal canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 1502 

67 hypopharynx carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 95 
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68 hypopharyngeal carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 918 

69 hypopharynx neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 1 

70 hypopharyngeal neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 3471 

71 hypopharynx tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 42 

72 hypopharyngeal tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 223 

73 hypopharynx malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 7 

74 hypopharyngeal malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 34 

75 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 4477 
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76 salivary gland canc*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 689 

77 salivary gland carcino*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 788 

78 salivary gland neoplas*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 9953 

79 salivary gland tumo*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 3940 

80 salivary gland malignan*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 468 

81 76 or 77 or 78 or 79 or 80 12021 

82 8 or 19 or 25 or 30 or 36 or 42 or 53 or 64 or 75 or 81 151961 

83 radiotherap*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
 361212 

84 radiation therap*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
 88521 
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word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
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86 chemoradiotherap*.mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading word, keyword 
heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, 
synonyms] 32543 

87 83 or 84 or 85 or 86 409463 

88 cognit*.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
 536928 

89 neurocognit*.mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
 36137 

90 memor*.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
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91 attention*.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
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92 attentive.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, floating sub-heading word, keyword heading word, 
organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms] 4767 

93 concentration.mp. [mp=title, abstract, original title, name of substance 
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heading word, organism supplementary concept word, protocol supplementary 
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synonyms] 27378 

97 intelligen*.mp. [mp=title, abstract, original title, name of substance word, 
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rare disease supplementary concept word, unique identifier, synonyms]
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organism supplementary concept word, protocol supplementary concept word, 
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organism supplementary concept word, protocol supplementary concept word, 
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101 reasoning*.mp. [mp=title, abstract, original title, name of substance word, 
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organism supplementary concept word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier, synonyms]
 27111 

102 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 
or 101 3409638 

103 102 and 87 and 82 1850 

104 exp animals/ not humans.sh. 5031693 

105 103 not 104 1826 
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