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ABSTRACT 

Introduction: Whole body magnetic resonance imaging (WB-MRI) may be more efficient in 

staging cancers, but can be harder for patients to tolerate. We examined predictors of patient 

preference for WB-MRI vs. CT/ PET-CT for staging colorectal or lung cancer.  

Methods: Patients recruited prospectively to two multicenter trials comparing diagnostic 

accuracy of WB-MRI with standard staging scans were sent two questionnaires: the first, 

administered at trial registration, captured demographics, educational level, and 

comorbidities; the second, administered after staging completion, measured emotional 

distress (GHQ-12), positive mood (PANAS), perceived scan burden, patients’ beliefs about 

WB-MRI, and preference for either WB-MRI or CT (colorectal trial), WB-MRI or PET-CT 

(lung trial). Preference for WB-MRI or CT / PET-CT were analysed using logistic regression.  

Results: Baseline and post-staging questionnaires were completed by 97 and 107 patients 

respectively. Overall, 56/107 (52%) preferred WB-MRI over standard scans, and were more 

likely to have no additional comorbidities, higher positive mood, greater awareness of 

potential benefits of WB-MRI, and lower levels of perceived WB-MRI scan burden. In 

adjusted analyses, only awareness of potential WB-MRI benefits remained a significant 

predictor (OR: 1.516, 95% CIs 1.006 to 2.284, p=0.047). Knowledge that WB-MRI does not 

use radiation predicted preference (adjusted OR: 3.018, 95% CIs 1.099 to 8.288, p=0.032), 

yet only 45/107 (42%) patients were aware of this attribute.  

Conclusions: A small majority of patients undergoing staging of colorectal or lung cancer 

prefer WB-MRI to CT/ PET-CT. Raising awareness of the potential benefits of WB-MRI, 

notably lack of ionising radiation, could influence preference.  
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INTRODUCTION 

Optimal management of patients diagnosed with cancer relies upon efficient and accurate 

staging, in particular identification of metastatic disease. Current staging pathways are often 

complex, time consuming, and involve several imaging modalities, most of which use ionising 

radiation that has been linked to radiation induced malignancies, particularly in those exposed 

when young.1  Whole body magnetic resonance imaging (WB-MRI) is an emerging technology 

that can image the body in less than one hour without ionising radiation, and could improve 

staging efficiency by reducing need for multiple scans, while at least matching diagnostic 

accuracy for metastases.2 WB-MRI is already employed routinely for staging certain cancers, 

notably multiple myeloma.3 Recently, two large multicenter prospective trials found that 

accuracy of WB-MRI staging pathways in colorectal and lung cancer do not differ significantly 

from standard pathways, but reduce time to staging, the number of tests required, and overall 

costs. 4 5  

Evaluation of new health care technology must fully consider the, preferences, needs, and 

values of the patient6 which in the case of WB-MRI means comparison with standard 

pathways.7 A single staging WB-MRI could reduce the psychological burden of prolonged and 

intensive multi-modality staging8 while avoiding radiation exposure.1 Conversely, WB-MRI 

can be stressful: scan time exceeds standard alternatives and MRI scanners are noisy, and 

require full body and head immersion inside a relatively narrow “tube”. Somewhere between 

4 to 30% of patients experience some distress before and during MRI.9 Indeed recent data show 

patients experience greater psychological and physical “burden” during WB-MRI than either 

CT or PET-CT, and perceived burden is increased in those with high levels of emotional 

distress and existing medical comorbidities.10 The extent to which this influences patient 

preference is, however, unknown; particularly in patients aware of the potential benefits of 

WB-MRI.  
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Factors underpinning patient cancer staging preferences are complex. Patients rate rapid 

diagnosis and treatment as one of the most important aspects of hospital-based care,11 but are 

prepared to wait for results if they are more accurate.12 To date, most imaging preference 

studies have concentrated on the physical aspects of scanning experience, without examining 

patients’ understanding of other attributes, such as diagnostic accuracy and safety. For 

example, a recent study suggested breast cancer patients preferred spectral mammography over 

breast MRI,13 yet patients were told to assume both scans were of equivalent diagnostic 

accuracy and there was no assessment of attitudes towards, or awareness of, ionising radiation 

exposure. 

The present study aimed to identify predictors of patient preferences for either WB-MRI or CT/ 

PET-CT when staging known or highly suspected colorectal or lung cancer.  

MATERIAL AND METHODS 

Patients recruited to two parallel multicenter clinical trials comparing the diagnostic accuracy 

and cost-effectiveness of WB-MRI with standard tests for staging colorectal (Streamline C) 

and lung cancer (Streamline L), were invited to complete postal questionnaires before and 

after staging. Full ethical permission was given by Camden and Islington National Research 

Ethics Service (NRES) on 03/10/2012, project numbers: 12/LO/1176 (Streamline C) and 

12/LO/1177 (Streamline L).  The full protocols can be found at,14 but, in summary, eligible 

patients had known or suspected colorectal or lung cancer and were due to undergo staging. 

As part of the main trials, patients underwent WB-MRI in addition to all standard staging 

tests.  

 

Trial informed consent procedure involved patients receiving, prior to participation, an 

information sheet detailing the trial protocol and research interventions, which described the 

trial rationale and detailed potential benefits of WB-MRI (see supplementary material, 
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appendix A). Patients also received standard CT and PET-CT information sheets as 

appropriate from their local recruitment site, given these tests were performed as part of 

routine clinical care. 

Participants were recruited to the Streamline trials from 22 hospitals in the UK, and 

consented to participate in either interview or questionnaire studies to gauge their experience 

of staging and the influence of scan attributes on scan preference. The results of the interview 

study have been reported elsewhere,15 as has data from the present cohort pertaining to the 

perceived burden of WB-MRI and standard staging scans,10 and a discrete choice experiment 

assessing the influence of scan attributes on patient preferences.16 This current report pertains 

to patient preferences for WB-MRI and standard scans, along with predictors of preferences.  

Questionnaires 

Baseline questionnaires were mailed to patients within 1 to 2 days after consenting to 

participate and while they were still undergoing staging.  The post-staging questionnaire was 

sent one month after the baseline questionnaire, when staging was complete.  In the covering 

letter for the post-staging questionnaire, patients were encouraged to return the baseline 

questionnaire if they had not yet done so. Patients were provided with stamped addressed 

reply envelopes and were paid £20 upon receipt of two completed questionnaires. 

 

Consecutive patients were approached to participate until a minimum of 100 patients had 

returned the post-staging questionnaire. The study was originally powered to assess the 

comparative patient perceived burden of WB-MRI and standard staging tests, as reported 

previously.10 

 

For patients with suspected or known colorectal cancer recruited to Streamline C, 

questionnaires referred to CT of the chest, abdomen and pelvis (the standard staging scan for 

colorectal cancer) and WB-MRI. For patients with known or suspected non-small cell lung 
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cancer recruited to Streamline L, questionnaires referred to whole body PET-CT (the 

standard staging scan for lung cancer) and WB-MRI.  

 

Baseline questionnaire content 

Demographics 

Patient age and gender were collected; missing data were populated using registration 

information held at the clinical trial centre (with patient consent). Educational level was 

assessed using the question from the 2011 Census for England with the addition of a ‘prefer 

not to say’ response option. Post/zip code data were used to calculate an area based 

deprivation score for each individual using the 2010 IMD scale 17 which was then categorised 

into quintiles with 1 representing highest levels of deprivation and 5 lowest.  

Follow up questionnaire content 

Comorbidities  

Patients were asked to report (“yes” or “no”) whether they had any of the following diseases: 

heart or vascular disease, diabetes, epilepsy, stroke, arthritis, asthma, mental or emotional 

disorder. There was also an option to provide details of any other illness.  

Emotional distress  

Distress was assessed using the 12 item General Health Questionnaire (GHQ-12),18 19 which 

asks patients to compare their psychological state over the last three months with their normal 

functioning level and includes items related to anxiety, happiness, depression, decision 

making, confidence, concentration and sleep disturbance. Six items are framed positively, 

with four response options ranging from, “better/more than usual”, to, “much less than 

usual”, and six items framed negatively with four responses options ranging from, “not at 

all”, to, “much more than usual”.  An example item is: “In the last three months have 

you….felt you couldn’t overcome your difficulties”.   
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Positive mood  

Current mood was assessed by the positive subscale of PANAS, a 10 item scale, where 

positive affect is described as, “a state of high energy, full concentration, and pleasurable 

engagement”.20 21 

Beliefs regarding potential benefits of WB-MRI 

Patient perceptions regarding potential benefits of WB-MRI compared to standard staging 

were assessed using five items developed specifically for the study. The first 2 items were 

factual and related to use of ionsing radiation, or otherwise, by the tests; “The Whole Body 

MRI scan uses X-ray radiation.” (correct answer =No) “The CT [PET-CT] scan uses X-ray 

radiation.” (correct answer =Yes). The final 3 items referred to beliefs regarding potential 

benefits of WB-MRI that have not yet been fully established: “If doctors use a Whole Body 

MRI scan, patients might need fewer scans in total to diagnose and stage their cancer.”; “If 

doctors use a Whole Body MRI scan, patients might know sooner what their full diagnosis is 

(i.e. not just whether they have cancer, but whether their cancer has spread).”; and “The 

Whole Body MRI scan is more accurate than CT [PET-CT] at detecting cancer and 

discovering whether cancer has spread.” Response options given were; “yes”, “no”, “not 

sure”. Responses were summed to generate a total score ranging from 0 to 5, where 5 equates 

to more positive beliefs regarding WB-MRI.  

WB-MRI scan burden 

Patients were asked to document their experience of WB-MRI using a 26 item scale modified 

from an instrument developed to assess experience of colonoscopy.22 The scale has 

previously been adapted to better capture experience of diagnostic imaging scans 23 and for 

the current study was modified further to include items deemed relevant by the researchers to 

WB-MRI, based on interview data from initial patients recruited. The scale had three 

domains: scan discomfort (13 items), worry (6 items), and satisfaction (7 items). Response 

options were on a 1 to 7 scale, anchored at both ends, with participants asked to indicate 
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experience by ticking along the scale. An example discomfort item was, 1=“claustrophobic” 

to 7= “not claustrophobic”. Questionnaire content and results from the current study cohort 

has been reported previously.10 

Scan preference  

Patients were asked: “If you had to have JUST ONE of the tests again which one would you 

prefer? Please circle or underline the one you would choose.” Choices given were; WB-MRI 

and CT (Steamline C), and WB-MRI and PET-CT (Streamline L). 

Statistical Analysis 

Data were analysed using SPSS version 24. Demographics of responders and non-responders, 

and of participants recruited to Streamline C and Streamline L, were analysed using 

independent t-tests for continuous variables, and chi-square for categorical variables.  

 

Logistic regression was used to identify predictors of scan preference (WB-MRI vs CT/PET-

CT). Predictors (age, gender, educational qualifications, cancer type, presence of 

comorbidities, emotional distress, positive mood, beliefs about WB-MRI scans, and WB-MRI 

scan burden) were entered individually in an unadjusted analysis, and those that were 

significant or approaching significance (p<0.10) were entered into a final adjusted analysis. 

Spearmans rank correlation coefficients were computed for all variables entered into the 

adjusted regression model. 

 

The 5 scores pertaining to beliefs regarding WB-MRI were summed (range 0 to 5), and also 

tested separately to assess influence of specific beliefs on scan preference. Educational level 

was categorised into “some” vs “no” qualifications; comorbidity responses were summed to 

form a dichotomous variable (any comorbidity “present” versus “absent”) removing 

emotional distress due to overlap with the GHQ-12. The GHQ-12 binary coding method (0-0-

1-1) was applied to each item, total scores ranged from 0 to 12; a score of 4 or higher was 
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used to indicate significant distress.24 Mean scan burden discomfort, worry, and satisfaction 

domain scores were computed if at least 50% of component items were completed (for 7, 3, 4 

items respectively). Internal reliability of sub-scales was adequate (Cronbach α ranged from 

0.79 to 0.98). If less than 50% items were completed, the response was coded as missing.  A 

total “Scan Burden” score was calculated by taking the mean of discomfort, worry, and 

(reverse scored) satisfaction subscales, with higher scores equating to greater burden.   

 

RESULTS  

Response rates 

During the study period (March 2013 and July 2015) 392 people were recruited to the 

Streamline trials of whom 350 (89.3%) agreed to participate in the questionnaire or interview 

study (see figure). Ninety-one were recruited to the interview study 15 and 45 were not sent 

both questionnaires. Of the remaining 214 patients sent both questionnaires, 71 did not 

respond. The final study cohort was 107 (defined as those completing the follow-up 

questionnaire and answering the question on scan preference). Of this final cohort, 97 also 

completed the baseline questionnaire.  

There were no significant differences between the final study cohort and those who were sent 

both questionnaires but did not complete the scan preference question for age (t<1; df= 212; 

p=0.746), cancer type [colorectal or lung] (chi-square = 1.209; df=1; p=0.272), or deprivation 

(chi-square = 4.261; df=2; p=0.119). However, women were more likely to complete 

questionnaires than men (59.7% vs 44.5%; chi-square = 4.564; df=1; p=0.033).  

Demographics 

Average participant age was 64.7 years (range: 30 to 88), with no differences between men 

and women (average age and range: 65.1 (30 to 85) vs. 64.2 (35 to 88) respectively; t<1, 

df=105, p=0.679). Sixty two (58%) were male, 62 (72%) had educational qualifications, and 

55 (59%) reported at least one additional comorbidity (see table 1).  
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Patients recruited to  Streamline C were younger (61.7 vs. 67.9: t=2.75; df=105; p=0.007), 

more likely to have educational qualifications (83% vs. 60%; chi-square=5.44; df=1; 

p=0.020), less likely to report comorbidities (44% vs. 69%; chi-square = 6.49; df=1; p=0.011) 

than patients recruited to Streamline L. There were no differences between Streamline C and 

Streamline L cohorts regarding gender (% male 60 vs. 56 respectively; chi-square=0.196; 

df=1; p=0.658), levels of positive mood post-staging (29.0 vs. 26.7 respectively; t=1.352; 

df=103; p=0.179) and presence of emotional distress (% distressed 47 vs. 40 respectively; 

chi-square=0.515; df=1; p=0.473). 

Beliefs regarding potential benefits of WB-MRI  

Ninety-one (85%) patients believed that WB-MRI might lead to more rapid diagnosis and 

staging, 80 (75%) that WB-MRI might lead to fewer scans, and 52 (49%) that WB-MRI is 

more accurate than CT/PET-CT. However just 45/107 (42%) were aware that WB-MRI did 

not use ionising radiation, with 59 (55%) aware that CT/PET-CT did.  

Patients recruited to Streamline C had, in general, more positive beliefs regarding WB-MRI 

than those recruited to Streamline L (3.42 vs. 2.67; t=3.08, df=105, p=0.003), although when 

belief items were tested individually, only perceptions regarding WB-MRI accuracy was 

significantly different between the two cohorts; 36 (66%) of patients recruited to Streamline 

C believed WB-MRI was more accurate than CT compared to 16 (31%) of patients recruited 

to Streamline L, who thought WB-MRI more accurate than PET-CT (Chi-square = 12.873, 

df=1; p<0.001).  

 

Scan preference 

Overall, 56/107 (52%) patients expressed a preference for WB-MRI over standard tests 

which, in the unadjusted regression analysis, was independent of cancer type or gender (table 

1). Patients with higher positive mood scores, no comorbidities, greater awareness of 

potential benefits of WB-MRI, and lower total perceived burden scores for WB-MRI, were 
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more likely to express preference for WB-MRI; with younger age, educational qualifications, 

and absence of high emotion distress approaching significance (table 1).  

In adjusted analyses, only greater belief in benefits of WB-MRI (OR: 1.516, 95% CIs 1.006 

to 2.284, p=0.047) remained a significant predictor of patient preference for WB-MRI. Of the 

5 items pertaining to the potential benefits of WB-MRI, only awareness that WB-MRI does 

involve radiation predicted patient preference (unadjusted OR: 2.350; 95% CIs: 1.066 to 

5.179; p=0.034; adjusted OR: 3.018, 95% CIs 1.099 to 8.288, p=0.032) (see table A1, 

supplementary appendix B). Just over sixty-four percent of people who were aware WB-MRI 

did not use radiation preferred WB-MRI to standard scans (64.4%, n=29/45), compared with 

43.5% of people unaware of this attribute (n=27/62).  Correlations between variables entered 

into the regression model are shown in table 2. 

DISCUSSION 

We examined preferences for WB-MRI compared to CT and PET-CT among 107 patients 

with suspected or known lung or colorectal cancer. We found that a small majority expressed 

a preference for WB-MRI, contrasting with previous data suggesting that, in general, patients 

prefer scans such as CT and PET-CT over MRI,13 25 even when using short-bore MRI 

machines and rapid acquisition protocols.13  

For example, Shortman et al 25 compared scan burden and preference amongst patients with a 

variety of medical conditions (including cancer) referred for PET-CT who also volunteered to 

undergo PET-MRI. Overall, participants reported greater burden during PET-MRI and a 

higher proportion preferred PET-CT (24.6% vs. 52.2% respectively). Those expressing a 

preference for PET-MRI reported lower levels of burden during this, suggesting preferences 

were influenced by their perception of the scan experience itself. Similarly, Hobbs et al 13 

reported that breast cancer patients preferred contrast enhanced spectral mammography 

(CESM) to contrast enhanced short-bore MRI (CEMRI), largely due to a more positive 
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experience during the former; reasons given included shorter scan duration, greater comfort, 

and lower noise associated, despite patients preferring the type of breast compression used for 

CEMRI. However, the literature is not uniform in suggesting MRI is more burdensome than 

other imaging techniques. Adams et al 26 reported that patients experienced less burden 

during WB-MRI than CT, a fact attributed largely by the authors to the need for an 

intravenous line and administration of contrast medium during CT.  

In our cohort, we have already reported that, in general, patients experience greater burden 

during WB-MRI than either CT or PET CT, although absolute differences in burden scores 

were small.10 In contrast to Adams et al,26 the Streamline trials WB-MRI protocol required 

intravenous contrast.  

Despite the greater perceived patient burden of WB-MRI, our data suggest that reasons 

underlying patients’ preferences are more complex than simply perception of the scan itself. 

Although, in our unadjusted analysis, greater perceived scan burden predicted scan preference, 

this was no longer the case in the adjusted model. Instead, the only predictor was greater belief 

in benefits of WB-MRI.  The trial material provided to patients described some potential 

benefits of MRI, including potentially reduced scan number and radiation exposure. Our data 

suggest therefore that patients can “trade” discomfort experienced during WB-MRI against 

positive beliefs regarding benefit. Indeed, using a discrete choice experiment, we have shown 

that most patients prefer WB-MRI-based staging pathways that are quicker, require fewer 

scans, and avoid radiation, with 72% of colorectal cancer patients and 82% of patients with 

suspected lung cancer preferring such a pathway.16 The Streamline trails found WB-MRI 

staging pathways possess these attributes over standard staging.4 5   

 

Interestingly, of the five potential benefits presented to patients in our questionnaire, only lack 

of radiation independently predicted preference, despite only 42% of patients being apparently 
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aware of this. Previous research suggests patients’ knowledge regarding ionising radiation 

amongst commonly used imaging technologies is relatively poor,27 28 and once informed, 

patients are less willing to undergo scans such as CT.29 Indeed, the International Atomic Energy 

Agency state that medical radiation should consider patient concerns30 and it is known that 

cancer patients desire information regarding use of ionising radiation for medical imaging.27 

Should WB-MRI disseminate in the NHS, radiation avoidance should be emphasised to 

patients given its influence on their preferences.  

Study limitations 

During our study, the diagnostic accuracy outcomes of the Streamline trials were unknown, 

meaning that any potential advantages over standard scans, other than avoiding radiation, 

remained theoretical. It is therefore possible that preferences may change now the benefits of 

WB-MRI is established.4 5 However, we aimed to identify which facets of WB-MRI influence 

preference, and we were able to demonstrate that patients utilise perceived benefits of new 

technology in their preference decisions.  

Our participants were, on average, younger than those typically diagnosed with lung or 

colorectal cancer and, by definition, they opted into a trial which required an additional WB-

MRI; patients with an existing fear of MRI will likely have declined participation. Our cohort 

may therefore not be truly representative of those referred for WB-MRI in general. 

We cannot be sure all patients read information sheets regarding WB-MRI, and lack of 

ionsing radiation was mentioned only once, so could have been better emphasized.  

In line with similar studies, questionnaire completion was higher among women and male 

preferences are underrepresented as a consequence. Additionally, adjusted analyses were 

underpowered and factors emerging as significant only in unadjusted analyses may 

nevertheless be important predictors of preferences. 

  



16 
 

CONCLUSIONS 

Of patients being staged for suspected or known lung or colorectal cancer, a small majority 

express preference for WB-MRI over CT and PET-CT. Greater belief in the benefits of WB-

MRI influence preference more than perceived scan burden. Lack of ionising radiation 

exposure, in particular, influences preference for MRI and patients should be fully informed of 

all staging pathway attributes.  



17 
 

Acknowledgements 

Collaborators: *Streamline investigators 

The authors of this paper are part of a wider group that form the Streamline trials 

investigators and include the following collaborators:  A Aboagye, L Agoramoorthy, S 

Ahmed, A Amadi, G Anand, G Atkin, A Austria, S Ball, F Bazari, R Beable, H Beedham, T 

Beeston, N Bharwani, G Bhatnagar, A Bhowmik, L Blakeway, D Blunt, P Boavida, D 

Boisfer, D Breen, S Burke, R Butawan, Y Campbell, E Chang, D Chao, S Chukundah, B 

Collins, C Collins, V Conteh, J Couture, J Crosbie, H Curtis, A Daniel, L Davis, K Desai, M 

Duggan, S Ellis, C Elton, A Engledow, C Everitt, S Ferdous, A Frow, M Furneaux, N 

Gibbons, R Glynne-Jones, A Gogbashian, S Gourtsoyianni, A Green, Laura Green, Liz 

Green, A Groves, A Guthrie, E Hadley, A Hameeduddin, G Hanid, S Hans, B Hans, A 

Higginson, L Honeyfield, H Hughes, J Hughes, L Hurl, E Isaac, M Jackson, A Jalloh, R 

Jannapureddy, A Jayme, A Johnson, E Johnson, P Julka, J Kalasthry, E Karapanagiotou, S 

Karp, C Kay, J Kellaway, S Khan, D Koh, T Light, P Limbu, S Lock, I Locke, T Loke, A 

Lowe, N Lucas, S Maheswaran, S Mallett, E Marwood, J McGowan, F Mckirdy, T Mills-

Baldock, T Moon, V Morgan, S Nasseri, P Nichols, C Norman, E Ntala, A Nunes, A 

Obichere, J O'Donohue, I Olaleye, A Onajobi, T O'Shaughnessy, A Padhani, H Pardoe, W 

Partridge, U Patel, K Perry, W Piga, D Prezzi, K Prior, S Punwani, J Pyers, H Rafiee, F 

Rahman, I Rajanpandian, S Ramesh, S Raouf, K Reczko, A Reinhardt, D Robinson, P 

Russell, K Sargus, E Scurr, K Shahabuddin, A Sharp, B Shepherd, K Shiu, H Sidhu, I 

Simcock, C Simeon, A Smith, D Smith, D Snell, J Spence, R Srirajaskanthan, V Stachini, S 

Stegner, J Stirling, N Strickland, K Tarver, J Teague, M Thaha, M Train, S Tulmuntaha, N 

Tunariu, K van Ree, A Verjee, C Wanstall, S Weir, S Wijeyekoon, J Wilson, S Wilson, T 

Win, L Woodrow, D Yu. 

 



18 
 

Funding: This work was supported by the National Institute of Health Research health 

technology assessment NIHR HTA programme (grant number 10/68/01) and will be 

published in full in Health Technology Assessment. The project is supported by researchers 

at the National Institute for Health Research University College London Hospitals 

Biomedical Research Centre. S.M.J. is a Wellcome Trust Senior Fellow in Clinical Science. 

S.M.J. is supported by the Roy Castle Lung Cancer Foundation, the Rosetrees Trust, the 

Welton Trust, the Garfield Weston Trust and UCLH Charitable Foundation.  

Department of Health disclaimer:  This report presents independent research commissioned 

by the National Institute for Health Research (NIHR). The views and opinions expressed by 

authors in this publication are those of the authors and do not necessarily reflect those of the 

NHS, the NIHR, NETSCC or the HTA programme or the Department of Health.  

 

Declarations of interest:  

Dr. Goh reports grants from Siemens Healthineer - Research support only, outside the 

submitted work. 

Dr. Janes reports grants from GRAIL, grants from Owlstone, personal fees from Astra 

Zeneca, personal fees from Bard1 Lifescience, personal fees from GSK, other from Astra 

Zeneca, outside the submitted work. 

Dr. Rockall reports personal fees from Guerbet, for an educational talk, outside the submitted 

work. 

Dr. Taylor reports grants from NIHR, during the conduct of the study; personal fees from 

Robarts, outside the submitted work. 

  



19 
 

Ethical approval 

Full ethical permission was given by Camden and Islington National Research Ethics Service 

(NRES) on 03/10/2012, project numbers: 12/LO/1176 (Streamline C) and 12/LO/1177 

(Streamline L). All participants gave written informed consent to participate in the study. 

 

  



20 
 

 

References 

1. Pierce DA, Preston DL. Radiation-related cancer risks at low doses among atomic bomb 

survivors. Radiat Res 2000;154(2):178-86. 

2. Kim HS, Lee KS, Ohno Y, van Beek EJ, Biederer J. PET/CT Versus MRI for Diagnosis, 

Staging, and Follow-Up of Lung Cancer. J Magn Reson Imaging 2015; 42: 247-60. 

https://doi.org/10.1002/jmri.24776.  

3. National Institute for Health and Care Excellence. Myeloma: diagnosis and management. 

NICE guideline [NG35].  (Updated 2018 October; cited  19 September 2019). Available 

from: https://www.nice.org.uk/guidance/ng35/chapter/Recommendations#imaging-

investigations.  

4. Taylor SA, Mallett S, Beare S, et al. Diagnostic accuracy of whole-body MRI versus 

standard imaging pathways for metastatic disease in newly diagnosed colorectal cancer: the 

prospective Streamline C trial. Lancet Gastroenterol Hepatol 2019;4(7):529-37. 

5. Taylor SA, Mallett S, Ball S, et al. Diagnostic accuracy of whole-body MRI versus 

standard imaging pathways for metastatic disease in newly diagnosed non-small-cell lung 

cancer: the prospective Streamline L trial. Lancet Respir Med 2019;7(6):523-32. 

6. UK Department of Health. Equity and excellence: liberating the NHS.  2010. (cited 19 

September 2019).Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data

/file/213823/dh_117794.pdf  

7. Polaris JJ, Katz JN. "Appropriate" Diagnostic Testing: Supporting Diagnostics With 

Evidence-Based Medicine and Shared Decision Making. BMC Res Notes 2014; 7: 922. 

8. Brocken P, van der Heijden EH, Oud KT, et al. Distress in Suspected Lung Cancer Patients 

Following Rapid and Standard Diagnostic Programs: a Prospective Observational Study. 

Psychooncol 2015;  24: 433-41. https://doi.org/10.1002/pon.3660 

https://doi.org/10.1002/jmri.24776
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/213823/dh_117794.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/213823/dh_117794.pdf
https://doi.org/10.1002/pon.3660


21 
 

9. Melendez JC, McCrank E. Anxiety-Related Reactions Associated With Magnetic 

Resonance Imaging Examinations. JAMA 1993; 270: 745-47. 

doi:10.1001/jama.1993.03510060091039 

10. Evans REC, Taylor SA, Beare S, et al. Perceived patient burden and acceptability of 

whole body MRI for staging lung and colorectal cancer; comparison with standard staging 

investigations. Br J Radiol 2018;91(1086):20170731. 

11. Petersen GS, Knudsen JL, Vinter MM. Cancer Patients' Preferences of Care Within 

Hospitals: a Systematic Literature Review. Int J Qual Health Care 2015; 27: 384-95. 

12. Buchanan J, Wordsworth S, Schuh A. Patients' Preferences for Genomic Diagnostic 

Testing in Chronic Lymphocytic Leukaemia: A Discrete Choice Experiment. Patient 2016; 9: 

525-36. doi: 10.1007/s40271-016-0172-1 

13. Hobbs MM, Taylor DB, Buzynski S, Peake RE. Contrast-Enhanced Spectral 

Mammography (CESM) and Contrast Enhanced MRI (CEMRI): Patient Preferences and 

Tolerance. J Med Imaging Radiat Oncol 2015; 59: 300-5. https://doi.org/10.1111/1754-

9485.12296 

14. Taylor SA, Mallett S, Miles A, et al. Streamlining staging of lung and colorectal cancer 

with whole body MRI; study protocols for two multicentre, non-randomised, single-arm, 

prospective diagnostic accuracy studies (Streamline C and Streamline L). BMC Cancer 

2017;17(1):299. 

15. Evans R, Taylor S, Janes S, et al. Patient experience and perceived acceptability of 

whole-body magnetic resonance imaging for staging colorectal and lung cancer compared 

with current staging scans: a qualitative study. BMJ Open 2017;7(9):e016391. 

16. Miles A, Taylor SA, Evans REC, et al. Patient preferences for whole-body MRI or 

conventional staging pathways in lung and colorectal cancer: a discrete choice experiment. 

Eur Radiol 2019;29(7):3889-900. 

https://doi.org/10.1111/1754-9485.12296
https://doi.org/10.1111/1754-9485.12296


22 
 

17. McLennan D, Barnes H, Noble M, Davies J, Garrat E, Dibben C. The English Indices of 

Deprivation 2010. London, UK: Department for Communities and Local Government, 2011. 

18. Goldberg DP, Williams P. A user's guide to the General Health Questionnaire.  

Basingstoke, UK: NFER-Nelson, 1988. 

19. Goldberg DP, Gater R, Sartorius N, et al. The Validity of Two Versions of the GHQ in 

the WHO Study of Mental Illness in General Health Care. Psychol Med 1997; 27: 191-7. 

20. Watson D, Clark LA, Tellegen A. Development and Validation of Brief Measures of 

Positive and Negative Affect: the PANAS Scales. J Pers Soc Psychol 1988; 54: 1063-70. 

21. Crawford JR, Henry JD. The Positive and Negative Affect Schedule (PANAS): Construct 

Validity, Measurement Properties and Normative Data in a Large Non-Clinical Sample. Br J 

Clin Psychol 2004; 43: 245-65. doi:10.1348/0144665031752934 

22. Salmon P, Shah R, Berg S, Williams C. Evaluating Customer Satisfaction With 

Colonoscopy. Endoscopy 1994; 26: 342-6. 

23. von Wagner C, Smith S, Halligan S, et al. Patient Acceptability of CT Colonography 

Compared With Double Contrast Barium Enema: Results From a Multicentre Randomised 

Controlled Trial of Symptomatic Patients. Eur Radiol 2011; 21: 2046-55. 

24. Fallowfield L, Ratcliffe D, Jenkins V, Saul J. Psychiatric Morbidity and Its Recognition 

by Doctors in Patients With Cancer. Br J Cancer 2001; 84: 1011-5. 

doi: 10.1054/bjoc.2001.1724 

25. Shortman RI, Neriman D, Hoath J, et al. A Comparison of the Psychological Burden of 

PET/MRI and PET/CT Scans and Association to Initial State Anxiety and Previous Imaging 

Experiences. Br J Radiol 2015; 88: 20150121. doi: 10.1259/bjr.20150121 

26. Adams HJ, Kwee TC, Vermoolen MA, Ludwig I, Bierings MB, Nievelstein RA. Whole-

Body MRI Vs. CT for Staging Lymphoma: Patient Experience. Eur J Radiol 2014; 83: 163-6. 

https://doi.org/10.1348/0144665031752934
https://dx.doi.org/10.1054%2Fbjoc.2001.1724
https://dx.doi.org/10.1259%2Fbjr.20150121


23 
 

27. Thornton RH, Dauer LT, Shuk E, et al. Patient Perspectives and Preferences for 

Communication of Medical Imaging Risks in a Cancer Care Setting. Radiology 2015; 275: 

545-52. https://doi.org/10.1148/radiol.15132905 

28. Lee CI, Haims AH, Monico EP, Brink JA, Forman HP. Diagnostic CT Scans: Assessment 

of Patient, Physician, and Radiologist Awareness of Radiation Dose and Possible Risks. 

Radiology 2004; 231: 393-8. https://doi.org/10.1148/radiol.2312030767 

29. Rodriguez RM, Henderson TM, Ritchie AM, et al. Patient Preferences and Acceptable 

Risk for Computed Tomography in Trauma. Injury 2014; 45: 1345-9. doi: 

10.1016/j.injury.2014.03.011. 

30. Malone J, Guleria R, Craven C, et al. Justification of Diagnostic Medical Exposures: 

Some Practical Issues. Report of an International Atomic Energy Agency Consultation. Br J 

Radiol 2012; 85: 523-38. doi: 10.1259/bjr/42893576. 

  

https://doi.org/10.1148/radiol.15132905
https://doi.org/10.1148/radiol.2312030767
https://dx.doi.org/10.1259%2Fbjr%2F42893576


24 
 

Figure 1: Flow Chart showing flow of participants in study 
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Table 1: Predictors of scan preference for WB-MRI compared with CT/PET-CT.  

Predictor 
Sample 

characteristics  
Odds Ratios/ Exp_B (CI) 

 (% and N 

unless 

otherwise 

specified) 

Unadjusted  

(N=107) 

Adjusted  

(N=83) 

Demographic and 

clinical variables 

 
  

Age a 

64.7 (11.9)  

(mean, SD) 

0.969 [0.937 to 1.002] 

p=0.067 
0.976 [0.927 to 1.028] 

Gender a   - 

Female 42.1 (45) [1.00]  

Male 57.9 (62) 1.269 [0.588 to 2.740]  

Educational 

qualifications c 

 

 

  

No 27.9 (24) [1.00] [1.00] 

Yes 72.1 (62) 2.593 [0.967 to 

6.950] 

p=0.058 

1.750 [0.498 to 6.145] 

Cancer type a    

Colorectal  51.4 (55) [1.00] - 

Lung 48.6 (52) 0.616 [0.287 to 1.323]  

Physical and 

emotional wellbeing 

 
  

Presence of 

comorbidities c 

   

No 41.5 (39) [1.00] [1.00] 
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Yes 58.5 (55) 0.299 [0.128 to 0.698] 

p=0.005 

0.498 [0.170 to 1.453] 

Emotional distress  

(GHQ-12,  

post-staging) a 

   

          No 58.3 (56) [1.00] [1.00] 

Yes 41.7 (40) 0.494 [0.227 to 1.072] 

p=0.074 

1.135 [0.381 to 3.386] 

 

Positive mood 

(PANAS, post-

staging) b 

 

28.37 (8.82) 

(mean, SD) 

1.059 [1.009 to 1.111] 

p=0.020  
1.044 [0.979 to 1.113] 

Scan beliefs and 

experience 

 
  

Beliefs about 

potential benefits 

of WB-MRI a  

(total score) 

3.06 (1.30) 

(mean, SD) 

1.489 [1.082 to 2.049] 

p=0.015 

1.516 [1.006 to 2.284] 

p=0.047 

Total WB-MRI  

patient burden 

score b 

2.24 (1.07) 

(mean, SD) 

0.658 [0.439 to 0.984] 

p=0.042 
0.648 [0.362 to 1.161] 

 

a No missing data; b Missing data less than 5%; c Missing data greater than 5%. Where there is 

missing data percent is valid percent.   
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Table 2: Correlations between predictors of scan preference entered in the adjusted regression 

analysis   

 Age Educational 

qualifications 

Comorbidity Positive 

mood 

Emotional 

distress 

WB-

MRI 

scan 

beliefs 

Educational 

qualifications 

-0.465 

p<0.001 

n=86 

-     

Comorbidity 0.268 

p=0.008 

n=97  

-0.122 

n=86 

-    

Positive 

mood 

0.148 

n=105 

-0.031 

n=84 

 

-0.251 

p=0.014 

n=95 

 

- -  

Emotional 

distress 

-0.050 

n=107 

0.055 

n=86 

0.207 

p=0.042 

n=97 

-0.366 

p<0.001 

n=105 

- - 

WB-MRI 

scan beliefs 

-0.005 

n=107 

 

0.244 

p=0.023 

n=86 

 

-0.080 

n=97 

 

0.117 

n=105 

-0.136 

n=107 

 

WB-MRI 

scan burden 

0.000 

n=106 

 

-0.010 

n=85 

 

0.236 

p=0.020 

n=96 

-0.312 

p<0.001 

n=104 

0.342 

p<0.001 

n=106 

-0.102 

n=106 
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Supplementary material 

 

Appendix A:  

Patient information sheet: sections detailing the rationale for the trial and potential benefits of 

WB-MRI. 

The information sheet contained the following about the WB-MRI scan: “The reason for 

doing this trial is to investigate whether whole body magnetic resonance imaging (WB-MRI) 

is better or quicker at staging newly diagnosed cancer than the standard tests currently used. 

Cancer staging describes how far a cancer has spread from the main tumour to other parts of 

the body. Correct staging is important since doctors use this information to decide on 

treatment…. WB-MRI is a scanning technique which can image the whole body in about 1 

hour. MRI scanning has been around for a while and is already commonly performed in 

hospitals. However, using MRI to look at the whole body in one go is quite new. The main 

advantage of WB-MRI may be for those patients with newly diagnosed or suspected cancer. 

Currently patients often undergo several different scans and tests which may be time 

consuming and involve multiple visits to the hospital. We want to see if one WB-MRI could 

replace the multiple scans and tests. … MRI is a safe test and does not use X-ray radiation… 

As part of your normal care you may undergo CT scans or PET/CT scans and they carry a 

possible risk as they involve exposure to radiation. It is important to remember that you 

would have had these scans in any case as part of your normal care and not because you 

agreed to take part in the trial. No additional scans using radiation are performed as part of 

the trial itself… It is possible WB-MRI may provide doctors with extra useful information 

about your condition which could help in your treatment, but we cannot guarantee this.” 
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Appendix B: 

Table A1: Predictors of scan preference for WB-MRI compared with CT/PET-CT with scan 

beliefs entered as individual items rather than a composite score 

 

Predictor Odds Ratios/ Exp_B (CI) 

 Unadjusted  

(N=107) 

Adjusted  

(N=83) 

Demographic and clinical variables   

Age a 
0.969 [0.937 to 1.002] 

p=0.067 
0.980 [0.929 to 1.033] 

Gender a   

Female [1.00] - 

Male 1.269 [0.588 to 2.740]  

Educational qualifications 
  

No [1.00]  [1.00] 

Yes 2.593 [0.967 to 6.950] 

p=0.058 

1.885 [0.528 to 6.734] 

Cancer type a   

Colorectal  [1.00] - 

Lung 0.616 [0.287 to 1.323]  

Physical and emotional wellbeing   

Presence of comorbidities c   

No [1.00] [1.00] 

Yes 0.299 [0.128 to 0.698]  

p=0.005 

0.591 [0.198 to 1.762] 

Emotional distress (GHQ-12, 

post-staging) a  
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No [1.00] [1.00] 

Yes 0.494 [0.227 to 1.072] 

p=0.074 

0.878 [0.291 to 2.648] 

Positive mood  

(PANAS, post-staging) b 

1.059 [1.009 to 1.111] 

p=0.020  
1.036 [0.973 to 1.104] 

Scan experience   

Total WB-MRI  patient burden 

score b 

0.658 [0.439 to 0.984] 

p=0.042 
0.635 [0.348 to 1.159]  

Scan beliefs   

WB-MRI scan uses x-ray 

radiation  a 

  

Yes or not sure [1.00] [1.00] 

No 2.350 [1.066 to 5.179] 

p=0.034 

3.018 [1.099 to 8.288] 

p=0.032 

CT / PET-CT scan uses x-ray 

radiation a 

  

No or not sure [1.00] - 

Yes 1.875 [0.867 to 4.055]  

Use of WBMRI might lead to 

fewer scans a 

  

No or not sure [1.00] - 

Yes 1.252 [0.522 to 2.998]  

Use of WBMRI scan might lead 

to more rapid diagnosis and 

staging a 

  

No or not sure [1.00] [1.00] 

Yes 2.805 [0.901 to 8.729] 

p=0.075 

1.175 [0.266 to 5.183] 
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WBMRI scan might be more 

accurate than CT / PET-CT at 

diagnosis and staging a 

  

No or not sure [1.00] - 

Yes 1.521 [0.709 to 3.264]  

 

a No missing data      
b Missing data less than 5%    
c Missing data greater than 5%   

 
 

 

 

 

 


