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With the advancement in cancer research, individuals are being diagnosed earlier and treatments are becoming more effective, resulting in more people surviving or ‘living well’ with cancer (Tracey et al., 2010; Arantzamendi et al., 2018).  Accordingly, the need to ensure the availability of effective and appropriate psychosocial support and interventions within the cancer population is becoming more urgent than ever (Shouten at al., 2016). Measuring health outcomes in scientific research plays a crucial role in decision making regarding future treatments and allows the impact on health status to be evidenced (Mokkink et al., 2010). Measuring the impact and improvement in health status can be complex and widely variable (Nolte et al., 2013), this becomes problematic for service providers when they want to establish where best to direct their research funding, demonstrate the efficacy of their interventions and ultimately achieve the best outcomes for service users (Fish et al., 2017; Wilson, 2018). Research by Adler (2008); Grassi et al., (2016) and Wilson (2016) support the notion that there is a need to identify the most psychometrically robust way of allowing key health outcomes to be collected, logged and mapped systematically in order to provide the most effective evidence.
Patient reported outcome measures (PROMS) allow health status reports to be communicated directly from the patient and not interpreted by a professional, exploring the psychosocial dimensions of the disease on individual health and functioning (Coulter et al., 2015). PROMS were first integrated into clinical trials to evaluate patient outcomes allowing clinicians to gain a better insight into the impact that a disease has on an individual’s life and the complexity of experiencing illness (Jayakumar et al., 2017). When used in clinical settings they help to inform clinical care and decision making and predict long term outcomes (Calvert et al., 2014) and specifically in clinical oncology settings patients are more likely to report symptoms more frequently during their follow-up appointments (Takeuchi et al., 2011), facilitating effective communication and care planning with the clinician. However, Calvert et al., (2014) discusses that although the use of PROs is highly beneficial, the data collected can be easily undermined by the amount of missing data within a given evaluation period.  The questions asked and domains measured within PROMs are subject to interpretation by the individual and can often lead to the variation in outcomes and missing data. 
The initial development of a PROM should also be of a good standard, meaning that it should be a reliable tool with clear constructs to be measured, responsive to change in condition and validated on the proposed target audience (Rosenkoetter & Tate, 2017). There is an increasing focus on co-production with patients, consumers and professionals during the development of a measurement instrument to establish higher quality outcomes (Wilson, 2018). One method of assessing the level of quality within an instrument is by using the Consensus-based standards for the selection of health measurement instruments (COSMIN; Mokkink, Prinsen, Patrick, Alonso, Bouter, de Vet & Terwee, 2018). The COSMIN process allows outcome measures to be evaluated according to their methodological quality. It consists of a checklist which examines quality across nine measurement properties including; content validity, structural validity, internal consistency, cross-cultural validity, reliability, measurement error, criterion validity, construct validity and responsiveness. 

Objectives
The purpose of this systematic review is to gather the existing patient reported outcome measures validated on a general cancer population and assess their methodological quality using the COSMIN risk of bias checklist (Mokkink et al., 2018; Prinsen et al., 2018).  By narrowing the search to only look at PROMS validated on a general cancer population and not on cancer-type specific outcome measures, this means that the measures extracted should be appropriate to generalise to all cancer types. The following objectives form the basis of the review:
1. To identify patient reported outcome measures (PROMS) validated on a general cancer population
2. To assess the methodological quality of the scales examining the following nine measurement properties using the COSMIN checklist (Prinsen et al., 2016).
3. To recommend the psychometrically strongest outcome measures for use in a cancer setting to assess the psychosocial impact of cancer.

Method
Eligibility Criteria
The systematic review focused specifically on patient reported measures validated on a cancer population only and excluded measures developed for specific types of cancer or treatment. This was due to the sheer volume of validated measures that exist to represent the many facets of cancer and its treatments, with an aim to find the most inclusive psychosocial outcome measures for people affected by cancer.   
Inclusion criteria: Primary research, general and disease specific (cancer) PROMS, research participants can be directly/indirectly affected by cancer (family, caregivers), questionnaires had to be filled in by patients, studies and scales published in English, must report psychometric properties of scale validation, full text online, peer reviewed.
[bookmark: _GoBack]Exclusion criteria: Symptom and treatment specific PROMS (to allow the focus to be on cancer as a whole disease rather than individual cancer types), secondary data, systematic reviews, meta analyses (to allow for in-depth details of outcome measures to be explored), language specific validation, additional modules
Search Strategy 
A strategic search of the electronic databases available through the University of Wales Trinity Saint David digital library system was conducted using key words and phrases formed from the literature surrounding psychosocial evaluation of cancer services and the psychosocial impact of a cancer diagnosis. Databases searched included Pro Quest, Pub Med Central, Science Direct, Directory of Open Access Journals, SAGE and Springer Link. A forward citation search on primary results was also performed to explore further eligible studies, all of which were assessed against inclusion and exclusion criteria. 
Databases searched: Pro Quest, Pub Med Central, Science Direct, Directory of Open Access Journals, SAGE, Springer Link
Search terms: ANY FIELD Psychosocial impact of cancer AND ANY FIELD Scale AND ANY FIELD Quality of life AND TITLE Validation AND TITLE Cancer
Study Selection: 
Figure 1 demonstrates the steps taken to extract the relevant journal articles from the results of the systematic search. The values to the left depict the number of articles remaining following the completion of the corresponding action.  The remaining papers reporting the validation of a PROM were examined for their measurement properties and evaluated against the COSMIN standards for quality outcome measurement. A total number of 11 papers were included in the final analysis of the systematic review.
Fig.1: Data extraction process

Measurement properties
For the purpose of this review and following the COSMIN taxonomy (Prinsen et al., 2016; Mokkink et al., 2010), measurement properties were divided into three overall domains; reliability, validity and responsiveness, examining a total of nine measurement properties. The COSMIN checklist consists of nine boxes with 5-18 items pertaining the standards for methodological quality within that measurement property. Each of the items within the box for the corresponding measurement property is rated on a four-point scale; very good, adequate, doubtful and inadequate. The overall score for the measurement property was determined on a ‘worst score counts’ method, meaning one lower scored item would bring down the overall rating of the measurement property. The methodological quality of a study was determined per measurement property. See Table X. for overall ratings per measurement property for each questionnaire extracted in the review. 
The following explains the role of each measurement property within the COSMIN checklist and how it is relevant to the quality of a PROM (Frost et al., 2007; Prinsen et al., 2016; Mokkink et al., 2010). 
Reliability is defined as the extent to which scores for patients who disease status has remained unchanged, produce the same scores when the scale has been repeated on a different occasion. For example, using different sets of items from the same questionnaire (internal consistency), over time (test-retest); by different people on the same occasion (inter-rater), or by the same people on different occasions (intra-rater). As per the COSMIN standards, reliability is assessed by examining internal consistency, measurement error and reliability. Typically, reliability will increase with a greater number of items being measured, however with a greater length of questionnaire comes with the consequence of increased response burden. 
Internal consistency of a scale defines how correlated the items are within the questionnaire and is expressed by a Cronbach’s α or Kuder-Richardson Formula 20 (KR-20). If a scale has subscales, they should have a value calculated for each one to show the reliability of that subscale.
· Measurement error is the systematic and random error of a patient’s score that is not attributed to true changes. This is examined by the standard error of measurement (SEM). Measurement error is concerned with small changes in scores which are not attributed to true changes.
· Reliability – so unlike measurement error, reliability is concerned with the changes that can be attributed to true differences between patients. This is expressed by calculating the intraclass correlation coefficient (ICC) or Cohen’s Kappa.
Validity is the extent to which a questionnaire is measuring exactly what it has set out to measure. Validity is made up of the following subtypes that are evaluated individually:
· Content validity is concerned with the content within a questionnaire and whether this is an accurate reflection of the construct being measured. It examines whether all the items within the construct are relevant to the aim and target population and that no crucial items are missing.
· Criterion validity refers to the comparison to a gold standard questionnaire, however it is difficult to evaluate due to a lack of gold standard health status questionnaires. For the purpose of this review, following the COSIMIN guidelines, if a questionnaire was a shortened version then the gold standard became the original full item questionnaire.
· Construct validity is usually examined by correlations, factor analysis and multivariate regression models, the COSMIN checklist examines construct validity across three subtypes: Structural validity, hypothesis testing and cross-cultural validity.
· Structural validity is usually determined by a factor analysis to assess the constructs within the questionnaire. A factor analysis confirms whether the scores of the questionnaire are an adequate reflection of the dimensionality of the construct to be measured. Factor analysis also allows confirmation of the number of constructs within a questionnaire. There are times when constructs work better combined or need to be split up so achieve better representation.
Hypothesis testing is concerned with how the measure relates to other measures in regards to the construct it claims to be measuring. A pre-defined hypothesis would expect certain measures to interact or complement each other.
· Cross-cultural validity is measured by examining the performance of the questionnaire items when they are translated or culturally adapted. For the purposes of this review, cross-cultural validity was not a focal point for measuring quality however it is evaluated if the reporting paper documents it.
Responsiveness of a questionnaire is the ability to detect change over time within the constructs being measured. It is considered to represent validity when used in a longitudinal context as this is how it would best show changes and is usually examined by looking at the correlation between the changes in scores and if they are in accordance with pre-defined hypotheses.
· Interpretability is the ability to be able to attribute qualitative meaning to quantitative scores. This allows for clinically significant meanings to be explained and especially relevant in a health status context. Interpretability allows for greater meaning to be given to patient scores. Although interpretability is not a measurement property, it is considered an essential characteristic of a measurement instrument.
Each measurement property was examined using the COSMIN scoring system and guidance. The results of this can be found in table X. 

Results

Study Selection:  The search strategy identified 118 articles following a systematic process of applying specific inclusion and exclusion criteria which left 13 measures eligible for review. Articles were published between 1997-2018, reported on the validation process and psychometric properties of an outcome measure, validated on a cancer population, published and validated in the English language. It was important to exclude cancer (symptom) specific outcome measures as these cannot be used on a general cancer population and measures were also excluded if they were not self-administered, or patient led. 

Objective One: PROMS validated on a cancer population following strict search and exclusion criteria
There were 11 validated psychosocial measures eligible for review which assessed a range of psychosocial outcomes related to the impact of a cancer diagnosis, treatment and survival. 
The Cancer Loneliness Scale (CLS: Adams et al., 2017) The CLS is a 7-item unidimensional scale measuring loneliness following a cancer diagnosis. The scale was developed based on loneliness theory, previous general loneliness measures and qualitative studies of loneliness in a cancer population. It allows people to answer each question based on a five-point scale ranging from one (never) to five (always). This scale specifically measures how often individuals feel lonely or isolated at different points of their cancer journey. An example statement is ‘how often does your cancer diagnosis make you feel isolated from others?’ There was good evidence to show that this is a unidimensional scale. Internal consistency was rated as very good and produced a Cronbach’s α of 0.94.  There was very good evidence for construct validity and structural validity as confirmatory factor analysis was performed.  There was existing, but low evidence for the reliability of this measure deeming it doubtful in the COSMIN standards. There was no evidence reported in the development paper evaluating content validity, cross-cultural validity, measurement error, criterion validity or responsiveness, giving these measurement properties and indeterminate rating.
Short-form Survivor Unmet Needs Survey (SF-SUNS; Campbell et al., 2014) The SF-SUNS is a 30-item scale consisting of four domains measuring unmet needs amongst cancer survivors. The four domains include; information needs, financial concerns, access and continuity of care and relationships and emotional health. There was very good evidence for internal consistency with Cronbach’s α for each domain ranging from 0.85-0.95. There was adequate evidence for the evaluation of reliability and structural validity, and doubtful evidence for content validity. Construct validity was very good as a factor analysis was performed and compared with the original factor loadings for the full version of the SUNS. Measurement error, criterion validity, responsiveness and cross-cultural validity were not evaluated or reported in this development paper.
Functional Assessment of Cancer Therapy – General (FACT-G: Cella & Tuskey, 1993) The FACT-G is a 33-item scale measuring quality of life in a general cancer population. The FACT scale has had many revisions to develop new chapters to reflect specific cancer types and treatments, but this scale is eligible for use with all cancers. It measures quality of life through five subscales including; physical, functional, social, emotional, relationship with doctor and provides a total score for overall quality of life. The FACT-G has very good levels of evidence for almost all measurement properties reported in this development paper, with very good internal consistency with Cronbach’s α for each subscale ranging from 0.65-0.89. Out of each of the scales being assessed for this review, the FACT-G reported the most thorough development process evidencing strong results for each measurement property. Reliability was the only measurement property with adequate evidence in regards to administration methods and environment not being reported fully. This scale had the strongest levels of evidence from this development paper. 
Post-Traumatic Stress Checklist (PSCL; Duhamel et al., 2014) The PSCL is a 17-item checklist assessing three symptom clusters associated with the DSM IV classification of post-traumatic stress disorder. This scale has been specifically developed for use within a cancer population and in this development paper it focuses on survivors. The three symptom clusters it focuses on are; re-experiencing, avoidance/numbing and arousal. The scale also allows for a total scale score. The PSCL has very good evidence for internal consistency with Cronbach’s α ranging from 0.74-0.88 and structural validity due to performing a confirmatory factor analysis. The evidence for reliability is inadequate and adequate for construct validity. Measurement error and criterion validity are reported as having very good levels of evidence. Content validity, responsiveness and cross-cultural validity were not reported or evaluated in this development paper. The overall quality of evidence for this scale is moderate, it has a strong foundation from its construction but requires more testing to strengthen reliability and validity.
Connection to the Cancer Experience (CONNECS; Hawkins et al., 2012) The CONNECS was developed to measure the connection to the cancer experience through a family member or friend. It is a 10-item questionnaire measuring three domains (general closeness, resemblance and cognitive processing), and gives a total score representing degree of closeness. This outcome measure is appropriate for family members and friends of those who have experienced cancer, although not tested directly on a general cancer population, it was included in the review due to the wider aims of the thesis including the impact on family and friends of those with cancer. This outcome measure was developed for use within genetic testing/counselling sessions to help ascertain the live experience of cancer from a family/friend viewpoint, questions include asking whether their experience has influenced their own health behaviours. 
Cancer Assessment in Young Adults (CAYA; Hoyt et al., 2013) The CAYA is a 90-item scale measuring health-related quality of life in young adults with cancer. It covers six domains including; physical, sexual, intrapersonal, social-relational, educational-vocational-avocational and spiritual. 
Hospital Anxiety and Depression Scale (HADS; Johnston, Pollard & Hennessey, 2000)   The HADS is a 14-item scale made up of items representing anxiety and depression. The scale is split into two subscales (Anxiety and Depression) with seven items each and answered using a four-point rating scale. Individuals are given a score for anxiety, depression and an overall total score for emotional distress.  Zigmond and Snaith (1983) originally developed the outcome measure to help detect these issues in people with physical health problems. The Johnstone et al., (2000) performed exploratory factor analysis to explore the strength of the items and subscales in a cancer population across two samples, with the first sample being repeated a second time. Upon examination within the Johnstone et al., (2000) validation paper, it reports HADS as having good internal consistency with Cronbach’s α ranging from .77-91 across both samples and time points, it was given a very good rating as per the COSMIN guidelines. It also has very good construct validity and responsiveness but reports adequate structural validity and reliability and doubtful content validity. There was not enough detail in this paper to report on the other measurement properties. 
Holistic Well-being Scale (HWS; Lee, Fan & Chan, 2015)  The holistic wellbeing scale is a 30-item questionnaire with a seven-factor structure which focuses on supporting and promoting personal well-being in oncological care. It measures; emotional vulnerability, bodily irritability, spiritual disorientation, non-attachment, mindful awareness, general vitality and spiritual self-care. They also explored a novel three factor structure focusing on the self; blissful-self, disturbed-self and embittered-self.  This paper focuses on testing the psychometric properties of the original seven factor structure and exploring the potential for a stronger, three factor scale. In this paper the seven-factor structure reports an acceptable range of Cronbach’s α (0.58-80) and the three-factor structure reports a much higher range (.70-.88). As per the COSMIN guidelines the HWS reports very good internal consistency, criterion validity and construct validity; adequate evidence for structural validity, doubtful evidence to support reliability and content validity; and inadequate evidence to support good cross-cultural validity (translated into Chinese in this instance). 
Quality of Life Questionnaire (EORTC QLQ-C30; McLachlan, Devins & Goodwin, 1998) The European Organisation of Research and Treatment of Cancer (EORTC) developed this quality of life questionnaire (QLQ-C30) to quantitatively measure health-related quality of life originally for use in clinical trials of cancer patients. The QLQ-C30 is a 30-item scale with five multi-functional psychosocial subscales (physical, role, emotional, social and cognitive functioning) and three multi-item symptom scales (fatigue, pain and emesis, global health/quality of life) and six single items (financial impact, dyspnoea, sleep disturbance, appetite, diarrhoea and constipation). The purpose of the QLQ-C30 is to gain understanding of the impact of cancer and its treatments on everyday functioning. The QLQ-C30 is a core outcome measure for general cancer, additional modules have since been developed for specific cancer sites and treatments. The 1998 McLachlan validation paper focuses specifically on evaluating the performance of the psychosocial subscales, the original development paper of the whole measure could not be sourced. Using this paper, the QLQ-C30 scores very good on structural validity, internal consistency, construct validity and responsiveness. It scores a much lower value of doubtful for content validity, reliability and measurement error and no evidence to support the evaluation of the remaining measurement properties. The QLQ-C30 is a widely used measure in oncological research for assessing quality of life however some of the lower results could be due to this not being the original development paper and being over 10 years old. The EORTC however have an up to date validated version of the QLQ-C30 core measure which they recommend for use in cancer populations. 
Comprehensive Needs Assessment Tool (CNAT; Shim, Lee & Park et al., 2011) The CNAT is a 59-item needs assessment tool with seven domains measuring needs about; health care staff, psychological problems, physical symptoms, information, social/spiritual support and practical support. Developed using the EORTC Quality of Life guidelines, it attempts to capture a comprehensive overview of needs in a general cancer population through all phases of the cancer trajectory. This makes it a good outcome measure for documenting changes and needs over time. It has very good internal consistency with Cronbach’s α ranging from α= .80-.97. Apart from content validity, which was scored as doubtful, the remaining measurement properties all had adequate supporting evidence, although missing evidence for cross-cultural validity, measurement error and criterion validity. 
Fear of Cancer Recurrence Inventory (FCRI; Simard & Savard, 2009) The FCR is a 42-item multidimensional scale measuring seven factors of fear associated with the recurrence of cancer following an all-clear diagnosis. These factors include; triggers, severity, psychological distress, coping strategies, functioning impairments, insight and reassurance and are rated using a 4-point Likert scale (0=not at all, 4= all the time). Internal consistency is rated very good with Cronbach’s α ranging from .75-.95. The FCRI also had a very good rating for criterion validity, construct validity and responsiveness, structural validity and reliability were rated as adequate and content validity as doubtful. The remaining measurement properties were not examined in this development paper. There are many scales developed to measure fear of cancer recurrence, but they have mostly been validated for use on breast cancer patients, the FCRI (Simard & Savard, 2009) is acceptable for use in a general cancer population. 
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Systematic Review of PROMS
Table 2 presents an overview of each PROM, describing the constructs measured and their associated psychometric properties. All measures were administered in questionnaire format, through a range of channels including online, postal and structured interviews. There are a range of constructs being assessed across the measures which can be considered psychosocial factors; however, some measures include additional factors such as physical symptoms, treatment satisfaction and relationship with health professionals. Some of the psychosocial factors being measured include; anxiety, depression, emotional health, loneliness, psychological and social functioning, post-traumatic stress symptoms, social support, hope, cognitive distress, psychological distress, coping and fear.
Table 2:  An overview of each PROM and associated psychometric properties

	PROM
	Year
	Items
	Constructs/Domains
	Cronbach’s Alpha 

	Functional Assessment Cancer Therapy –General (FACT-G)
	1993
	33-items
Five subscales
Measuring general cancer quality-of-life (QoL)
	Physical
Functional
Social
Emotional  
Relationship with doctor  
Total
	α=0.82
α=0.80
α=0.69
α=0.74
α=0.65
α=0.89

	Quality of Life Questionnaire (QLQ-C30)
	1998
	Psychosocial function

30-items
Five multi-functional subscales
	Physical
Role
Emotional
Social
Cognitive functioning
	Weighted kappa’s calculated 

	Hospital Anxiety and Depression Scale (HADS)
	2000
	14-items
Two subscales (anxiety (7) depression (7)
	
Anxiety
Depression
Overall
	Sample1
T1
α=.82
α=.79
α=.86
	Sample1
T2
α=0.84
α=.77
α=.86
	Sample2
α=.89
α=.82
α=.91

	Hope Differential-Short (HDS)
	2004
	9-items
Assessing experience of hope in advanced cancer
	Authentic Spirit
Comfort
Overall
	α=.83
α=.69
α=.83

	Post-Traumatic Stress Checklist (PSCL)
	2004
	17-items
Three symptom clusters
	Re-experiencing 
Avoidance/numbing
Arousal
Total 
	α=0.74
α=0.75
α=0.77
α=0.88

	Fear of Cancer Recurrence Inventory (FCR)
	2009
	42-items
Seven factors
	Total
Triggers
Severity
Psychological distress
Coping strategies
Functioning impairments
Insight 
Reassurance 
	α=0.95
α=0.90
α=0.89
α=0.86
α=0.89
α=0.91
α=0.80
α=0.75

	Comprehensive Needs Assessment (CNAT)
	2011
	59-items
Needs assessment tool
Seven factors
	Health care staff
Psychological problems
Physical symptoms
Information
Social/Religious/spiritual support
Practical support
Hospital facilities and services
	α=0.97
α=0.94
α=0.91
α=0.93
α= 0.86
α=0.80
α=0.85

	Connection to the experience of cancer scale (CONNECS)
	2012
	10-items
Three domains
	
General closeness
Resemblance
Cognitive processing 
Total
	Sample 1
α=0.74
α=0.66
α=0.42
α=0.73
	Sample 2 
α=0.73
α=0.66
α=0.44
α=0.71

	Cancer Assessment for Young Adults (CAYA)
	2013

	90-items 
Six domains, 16 subscales
Health-related QoL young men with cancer

	Physical
Sexual
Intrapersonal
Social-relational
Educational-vocational-avocational
Spiritual
	α=0.80
α=0.70-0.76
α=0.78-0.89
α=0.78-0.91
α=0.85-0.88
α=0.87

	Survivor Unmet Needs Survey (short form) (SUNS-SF)
	2014
	30- items
Four Domains Assessing unmet needs amongst cancer survivors
	Information
Financial concerns
Access and continuity of care
Relationships and emotional health 
	α=0.85
α=0.90
α=0.90
α=0.95

	Holistic Well-being Scale
	2015
	30-items
5 factor structure
Novel 3 factor structure
	Emotional vulnerability
Body irritability 
Spiritual disorientation
Non-attachment
Mindful awareness
General Vitality
Spiritual self-care

Blissful-self
Disturbed-self
Embittered-self
	α=0.75
α=0.80
α=0.65
α=0.67
α=0.77
α=0.79
α=0.58

α=0.87
α=0.88
α=0.70

	The Cancer Loneliness Scale (CLS)
	2017
	7-item unidimensional scale measuring loneliness following cancer diagnosis
	Cancer-related loneliness 
	α=0.94



Evaluating the methodological quality of the PROMs identified using the COSMIN standards
	In Table 3. COSMIN checklist scores are presented, assessing the methodological quality of 11 validated scales based on nine measurement properties reported within the published paper. Out of 11 PROMs, one reported on all nine measurement properties, the most frequently reported measurement properties were; content validity, structural validity, internal consistency, reliability, and construct validity. Cross-cultural validity, measurement error and construct validity were reported the least amongst the measurement properties. PROMs were identified based on the original development and validation process of that measure and thus subsequent studies using the measurement instrument were not sought for further evidence. Measurement properties were given one of four overall ratings; ‘very good’, ‘adequate’, ‘doubtful’ and ‘inadequate’ by using the scoring instructions provided my Mokkink et al., (2018). Under these instructions, a ‘worst score counts’ method was applied which meant that each measurement property receives a rating representative of the lowest score within that category. For example, where reliability is made up of eight statements which can be rated, if one out of eight statements receives an ‘inadequate’ rating, then reliability is rated as inadequate overall for that PROM. 







Table 3. COSMIN scores for each measurement property rated in the review process
	Measurement properties

	

PROM
	Content Validity
	Structural Validity
	Internal Consistency
	Cross-cultural Validity
	Reliability
	Measurement Error
	Criterion Validity
	Construct Validity
	
Responsiveness

	CLS
	
	V
	V
	
	D
	
	
	V
	

	SUNS-SF
	D
	A
	V
	
	A
	
	
	V
	

	fact-g
	V
	V
	V
	V
	A
	V
	V
	V
	V

	pscl
	
	V
	V
	
	I
	V
	V
	A
	

	connecs
	D
	V
	
	V
	V
	V
	
	I
	

	caya
	I
	V
	V
	
	V
	V
	V
	
	V

	hads
	D
	A
	V
	
	A
	
	
	V
	V

	hws
	D
	A
	V
	I
	D
	
	V
	V
	A

	qlq-c30
	D
	V
	V
	
	D
	D
	
	V
	V

	cnat
	D
	A
	V
	
	A
	
	
	A
	A

	fcrI
	D
	A
	V
	
	A
	
	V
	V
	V

	
	
	
	
	
	
	
	
	
	


Note: V=very good A=adequate D=doubtful I=inadequate, no rating denotes property not reported within that study
Content validity was the lowest rated measurement property across almost all PROMs reviewed, this concerns itself with the generation of question content, relevance and piloting with an appropriate target audience. Given that the scope of the review focussed on the original validation process of a particular PROM, some of the earlier measures (dates ranged from 1993-2017) did not see some of the thorough piloting processes that the later measures used. For example, early measures developed their items with experts, and later measures had more patient involvement. This is reflected in their lower scores for content validity. Despite the earlier measures scoring lower in this category, they are still regularly being used in the present day for evaluating the impact of a cancer diagnosis. Overall, most PROMs had good ratings for structural validity and internal consistency, showing that the appropriate methods (confirmatory factor analysis and Rasch analysis) were used to test whether items within the scale related to each other and that they were all measuring the same underpinning constructs. 
Objective three: recommend the psychometrically strongest outcome measures validated for a cancer population
Following the use of the COSMIN guidelines which allowed each measurement property within a prom to receive an individual rating, a new scoring system was developed to allow the PROM to be given an overall numerical value. This made it easier to assess which of these PROMs performed better overall based on the evidence in the validation paper. By assigning a value to the four ratings given by the COSMIN checklist, the proposed new scoring system assigns a value of zero to four for each rating. For example, very good = 4, adequate = 3, doubtful=2, inadequate=1 and where the measurement property is not reported, it would receive no score (zero).  If each measurement property were to receive a rating of ‘very good’ then it would achieve a maximum score of 36, therefore each instrument will have a score of X/36. By using this system, the instruments can be ranked, as shown in table 4.
Table 4. Ranking of PROMS based on new proposed scoring system
	Instrument
	Overall score /36
	Measurement properties reported and evaluated  /9

	FACT-G
	35/36
	9/9

	CAYA
	25/36
	7/9

	FCRI
	24/36
	7/9

	HWS
	23/36
	8/9

	QLQ-C30
	22/36
	7/9

	HADS
	20/36
	6/9

	PSCL
	20/36
	6/9

	CONNECS
	19/36
	6/9

	SUNS-SF
	16/36
	5/9

	CNAT
	15/36
	6/9

	CLS
	14/36
	4/9



From this scoring system FACT-G performs marginally better than the other instruments, with some of the other instruments being closer in range. This table shows that the CLS scores the lowest, however it was also the one which had the least amount of measurement properties reported within its validation paper. Eight out of the 11 instruments performed poorly on content validity, with only FACT-G being given a very good rating. The constructs being measured within these instruments all had good Cronbach’s α so were all taken forward to be used in the Delphi consensus building study. By using the COSMIN method in addition to the overall scoring method proposed to give each measure a total score pertaining to all of their methodological properties, it allows the suggestion that FACT-G is the psychometrically strongest outcome measure to use in a cancer population, measuring attributes relating to the physical, social and psychological functioning related to a cancer diagnosis. 
Discussion 
The purpose of this review was to identify existing PROMs validated on a general cancer population and assess their methodological quality using the COSMIN risk of bias checklist (Prinsen et al., 2016; Mokkink et al., 2010) in order to recommend the psychometrically strongest measures to be used in the psychosocial evaluation of cancer support services. Eleven disease specific measurement instruments validated on a cancer population, measuring aspects of psychosocial health, were identified in the review process. The initial search strategy yielded 118 PROMS, however following the strict inclusion and exclusion criteria this left eleven measures to be evaluated. However, a lot of the articles retrieved were duplicates or not relevant to the aims of the review.
The attributes being measured across all eleven PROMS were consistent with the literature surrounding the impact of a cancer diagnosis and many of these were often overlapping with each other, thus supporting the need to define which measures are more psychometrically robust. Anxiety, Depression, Distress and variants of these attributes (low mood, worry and mood state) were frequently measured (Lankin & Slavich, 2014; Pitman et al., 2018) including the HADS which exclusively measured anxiety and depression as individual constructs. These attributes were found in over half of the PROMS identified, including the HADS, FACT-G, FCRI, CNAT, SUNS-SF and QLQ-C30. This is supported by a review by Hess and Chen (2014) who found a high frequency of reporting anxiety and depression in cancer populations. Aspects of social support, loneliness, maintaining friendships and relationships were also attributes that were measured amongst five of the PROMS, found in FACT-G, QLQ-C30, CNAT, CAYA and the CLS. This is supported by Lankin and Slavich (2014) who suggest that social support and individual environment plays a crucial role in an individual’s ability to cope with a cancer diagnosis.  Despite most PROMs focussing on psychosocial health needs of individuals with cancer, many constructs also accounted for some of the physical impacts and consequences of a cancer diagnosis. Attributes such as pain, discomfort, energy levels, symptom progression and appetite were included in some PROMS as part of establishing overall quality of life and levels of coping with the illness. This is not surprising due to PROMs being introduced as standard procedure in clinical trials to allow clinicians to gain a better understanding of the impact that cancer and its treatment or symptoms have on an individual (Jayakumar et al., 2017). 
The outcome of the review indicated that the overall strongest measure was the FACT-G. It scored the highest on almost all measurement properties as per the COSMIN standards and reported on all nine measurement properties which allowed it to receive a full evaluation.   The strongest measurement property overall was internal consistency, this shows that each measure performs well on achieving the outcomes that it set out to measure (Frost et al., 2007; Prinsen et al., 2016). Content validity was the lowest rated measurement property overall suggesting that although internal consistency was high, each measure may not be as representative as possible of the proposed domains. Cross-cultural validity was the least reported measurement property across all PROMS, this may be due to the majority of populations within the PROMS examined being American and British. Many authors publish separate cross-cultural validations of PROMS following its development, so a future recommendation would be to include cross-cultural in the inclusion criteria to allow these to be examined.  



Limitations
The decision was made to focus the review specifically on PROMS that had been validated for use on/with a cancer population in order to make sure they were the most appropriate for the target population.  Part of the COSMIN evaluation looked at whether the measured was developed with and validated on an appropriate target audience, in this case, individuals with cancer or experience of cancer. A crucial part of this review was to extract PROMS that were validated on a cancer population, however two of the PROMS were not developed with patients or professionals but were instead guided by the literature so therefore scored lower by the COSMIN standards (CONNECS and HADS).
 Involving people with cancer in the development of these measures, as they are the target audience, is believed to lead to higher quality outcomes (Wilson et al., 2018; Rosenkautter et al., 2017) and are of a higher methodological standard. Prior to applying exclusion criteria, many PROMS were identified which were reporting on the use of a measure with a cancer population, rather than reporting on the validation of that measure. This lends itself to both a criticism of the review and also the field of psychological measurement. It may have allowed some useful PROMS to be left out of the review process that are currently used in the field, however it means that the psychometric properties of these measures are being checked after they have already been utilised in this population, instead of going through an in-depth development and piloting process with the target population. 
The COSMIN risk of bias checklist was chosen to evaluate the methodological quality of each PROM extracted in the review process.  There are two parts to the COSMIN standards, the risk of bias checklist and the overall levels of evidence process. A decision was made not to complete the overall levels of evidence process due to the nature of the review focusing on the initial development and validation of a PROM, the overall levels of evidence process is better set up for examining quantitative studies utilising the PROM in psychosocial research. This lead to a new proposed scoring system which allowed each PROM to be given an overall score based on how it performed on the measurement properties evaluated. There is a ten point difference between the FACT-G as the highest scoring PROM and the next PROM. A limitation of the COSMIN checklist is that, even if a PROM performed really well on a measurement property, its overall score is brought down if it is not perfect. In addition to this a limitation of the new proposed scoring system does not reflect the strengths of each PROM. For example the CAYA performed very well on almost every measurement property that it reported on, however it did not report on two of the properties and therefore received a zero for each one. 
Conclusions
This review set out to identify PROMS validated on a cancer population and examine their methodological quality in order to determine which of these would be the psychometrically strongest to use in psychosocial research. The review highlighted that there is no one perfect outcome measure and it is not possible to meausure all of the attributes associated with the impact of a cancer diagnosis with one outcome measure. This therefore means that a combination of outcome measures may be required and some sacrifices in quality may have to be made if using measures developed by other researchers. 
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