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Abstract 
Background.  Adolescent and young adult (AYA) survivors of a central nervous system (CNS) tumor represent a 
vulnerable group who can experience: social isolation, low rates of employment, and achieving independence can 
be compromised, leading to poorer quality of life compared with survivors of other cancer types. The aim of this 
study is to develop and evaluate the validity of a needs assessment tool (NAT) for AYA survivors of a CNS tumor.
Methods.  Items generated using data from 29 qualitative studies and cognitive interviews (n = 8) produced NAT 
V1.1 (49 items). 128 of 316 eligible participants attending neuro-oncology clinics at 4 NHS sites between June 2022 
and March 2023 completed the NAT V1.1 to allow for item reduction and refinement and to evaluate reliability and 
validity. A pilot study (n = 6) using YOU-CAN in routine follow-up concluded the study.
Results.  Hierarchical analysis and Rasch analysis identified 18- and 15-items for removal, respectively. YOU-CAN, 
comprised of the remaining 16 items, demonstrates excellent test-retest reliability (intra-class correlation coeffi-
cient, 0.901, n = 40) and sufficient correlation with the European Quality of Life questionnaire and Supportive Care 
Needs Survey (Pearson r = 0.433 and 0.590, respectively). Pilot testing showed YOU-CAN triggered discussions of 
unmet needs in consultations and highlighted the importance of multidisciplinary support.
Conclusions.  YOU-CAN is a valid and reliable instrument containing items related to concerns about physical 
and emotional health; family and relationships; self-acceptance; and independence. Future efforts should examine 
YOU-CAN’s feasibility, and develop guidance for managing unmet needs. Routine use of YOU-CAN may improve 
the identification of otherwise undiscussed unmet needs and opportunities to deliver personalized support.
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Central nervous system (CNS) tumors account for 25% of 
malignancies in children and 15% in adolescents and young 
adults (AYA). The survival rates of CNS tumors exceed 70% in 
children and AYAs1 and there are therefore a growing number 
of long-term survivors. Eighty-two percent of survivors of a 
CNS tumor experience one or more ongoing late effects of 
treatment2 and life-altering symptoms continue to be prev-
alent up to 30 years after the primary diagnosis.3 Symptoms 
often include persistent anxiety and depression, suicidal 
thoughts, and feelings of inadequacy.3,4 Physical, neurologic, 
and neurocognitive impairments affect individuals’ ability to 
gain employment,5–7 and achieve independence.8,9 Ongoing 
symptoms contribute to poor health-related quality of life 

(HRQoL), which is lower than in survivors of other cancer 
types.10 In addition, survivors report feeling socially isolated, 
while often relying on family for social support.4,11,12

A large proportion of young CNS tumor patients attend long-
term follow-up clinics, which aim to support survivors to re-
turn to “normality” as quickly as possible while detecting and 
managing ongoing toxicities from treatment and disease.13 
There is an increasing call to provide individualized follow-up 
care that supports individuals to self-manage symptoms, but 
despite this, many patients report a lack of knowledge of pos-
sible late effects of treatment and feel less supported as time 
after their treatment goes on.3,14,15 This suggests that ongoing 
needs experienced by this population may remain unmet.

The development and validation of a needs assessment 
tool for use with YOUng adult survivors of a CentrAl 
Nervous system tumor (YOU-CAN)  
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Patient-reported outcomes (PROs), including Needs 
Assessment Tools (NATs), have the potential to improve 
communication between health care professionals and 
patients, improve symptom management and HRQoL, 
and enable personalized care to be delivered.16 PROs val-
idated for use in AYA survivors of a CNS are scarce, and 
currently, none measure unmet need.17 PROs and NATs 
validated in adult and pediatric populations of CNS sur-
vivors require further validation before they can be re-
commended for routine use in the AYA population.18,19 
Indeed, studies assessing quality of life or unmet needs 
using adult or child-focused instruments with AYAs 
may produce misleading and unreliable results if they 
do not reflect age-appropriate language and relevant 
domains.20,21

This study aimed to develop and validate a new NAT for 
use with adolescent and YOUng adult (aged 16–39 years) 
survivors of a CentrAl Nervous system tumor (YOU-CAN) 
diagnosed during childhood or young adulthood.

Methods

The development of YOU-CAN was guided by the 
Consensus-based standards for the selection of 
health measurement instruments checklist for PRO 
measurement instruments,22 and the Food and Drug 

Administration23 PRO development guidelines. Figure 1 
shows that our sequential mixed methods study design 
consisted of the following phases: item generation to 
generate the NAT V1.0, followed by cognitive interviews 
to produce V1.1 (Phase 1); cross-sectional study and ap-
plication of hierarchical and Rasch analysis of NAT V1.1 
to select items for the final, unidimensional YOU-CAN 
version (Phase 2); preliminary validation and reliability 
testing of YOU-CAN (Phase 3); and a pilot study using 
YOU-CAN (Phase 4). Ethical approval was received from 
the National Research Ethics Service (North West; 21/
NW/0344) for all phases.

Patient Experience Group and Clinical Expert 
Involvement

A patient experience group was established and their in-
volvement was incorporated into all phases of the study 
(see Supplementary Material 1). Participants for this were 
invited via an advert placed on an NHS closed Facebook 
page. Group participants contributed to Phases 1 and 2 
during 2 online focus groups and at other times via email. 
They were compensated for their time with a £15 shop-
ping voucher for each focus group they attended. A clin-
ical expert group also contributed to Phases 1 and 2 and 
consisted of 1 consultant endocrinologist, 3 consultant 
oncologists working in late effects clinics, an AYA Lead 

Items generated using data from 29
qualitative studies in consultation with
patient experience group (n = 3) and

clinical experts (n = 8)

Cognitive interviews
(n = 8)

Method NAT Version

draft NAT Version 1.0
(41-items)

draft NAT Version 1.1
(49-items)

Patient experience group (n = 3) and clinical
experts (n = 8) reviewed YOU-CAN

Evaluation of construct validity and test-
retest reliability of YOU-CAN.
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Pilot study using YOU-CAN in routine follow-up
(n = 6 patient participants, n = 4 clinician

participants)

Cross-sectional study.128 participants completed
draft NAT V 1.1 and comparator instruments at time 1

. Participants invited to complete draft NAT 1 week
later (time 2; n = 40). Data analysed using hierarchical

and Rasch analysis
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unidimensional

instrument (16-items)

Figure 1. Study design.
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Nurse, an AYA Psychologist, a Youth Worker, and an AYA 
physiotherapist.

Study Recruitment

Participants for all phases of the study were recruited from 
4 neuro-oncology outpatient follow-up clinics at 3 NHS 
sites in North West England between June 2022 and March 
2023. Participants were eligible for all study phases if they 
were diagnosed between birth and 25 years of age with 
a CNS tumor, had completed treatment at least 6 months 
previously, were aged 16–39 years, and could provide 
written informed consent to take part. Participants were 
excluded if they had an expected prognosis of less than 
1 year, were unable to independently answer items or un-
derstand English, or if the clinical team deemed them un-
suitable to approach for other reasons. A member of the 
clinical team provided eligible participants with study in-
formation when they attended a face-to-face appointment 
or sent information via the post if their appointment was 
virtual. For Phase 1, participants were purposively sampled 
(n = 8) to include diversity in ethnicity; age, gender, and 
CNS tumor diagnosis. Patients recruited for the pilot study 
(n = 6) were required to be study naïve.

Data Collection

Phase 1: Initial Item Generation and Cognitive Interviews.—
We previously conducted a systematic review and meta-
ethnography examining the needs of AYA survivors of a 
CNS tumor aged 15–39 years and synthesized 29 qualita-
tive studies to develop a conceptual framework.24 The con-
ceptual framework highlighted ongoing needs throughout 
the continuum from adolescence to adulthood. Despite 
this age range being a period of rapid growth, and social 
and developmental change, the framework represented 
the needs of this population together. We assumed the con-
ceptual framework represented a reflexive model where all 
items were a manifestation of 1 underlying trait, namely 
unmet need. We generated items using published qualita-
tive data included in our meta-ethnography systematic re-
view, and then reduced and refined the initial item list (NAT 
Version 1.0) through discussion within the research team 
and with our patient experience and clinical expert groups. 
At this stage, they could add any items they thought rele-
vant based on their lived experience of the disease.

Participants for the cognitive interviews were provided 
a copy of the NAT Version 1.0 prior to the interviews to fa-
miliarize themselves with the content. Cognitive interviews 
use a combination of the “think aloud” and “probing” tech-
niques of questioning.25 Topics included comprehensibility, 
question style, response options, respondent burden, and 
comprehensiveness, aimed at ensuring that the items re-
flected unmet needs experienced in survivorship. All cog-
nitive interviews were audio recorded and transcribed 
by the researcher (Kate Law). We conducted them via tel-
ephone to maintain social distance precautions due to 
the COVID-19 pandemic. Findings from the interviews in-
formed further item reduction and refinement, which pro-
duced NAT Version 1.1.

The NAT (V 1.1) included 49 items representing issues 
relating to emotional and physical issues; achieving in-
dependence; friendships and relationships; family func-
tioning; information and support needs. Items represented 
themes within the conceptual framework. Response op-
tions were given on a 5-point Likert scale with an addi-
tional option of “not applicable.”

Phase 2: Cross-sectional Study for Item Reduction and 
Refinement.—In line with established guidance,26 we esti-
mated 150 participants to be an adequate sample size for 
Rasch analysis to evaluate validity. Eligible participants 
were provided with a study pack containing: a cover letter 
describing the study and its requirements, the NAT (V 
1.1); and the Supportive Care Needs Survey (SCNS)27 and 
EQ-5D28 (see Phase 3). Questionnaires could be completed 
on paper or electronically by scanning a QR code. Implied 
consent was assumed on the return of a completed ques-
tionnaire. Demographic (age, gender, diagnosis, ethnicity, 
employment, and marriage status) and diagnosis details 
were provided by participants. To assess the representa-
tiveness of our study sample, we extracted data on age, 
gender, and cancer diagnosis from the health care records 
of potential participants who were invited to take part 
but declined or did not respond; no reminders were sent. 
Findings from the quantitative analysis were discussed 
with a patient experience group and clinical experts to re-
view the items suggested for inclusion in YOU-CAN, as well 
as those excluded.

Phase 3: Test–Retest Reliability and Construct Validity 
Evaluation.—On receipt of a completed NAT (V.1.1) by the 
study team, participants were invited to complete a second 
NAT (V1.1) 1 week later via a pre-paid, self-addressed en-
velope until 40 completed NATs were returned. Since all 
participants were at least 6 months beyond the end of 
treatment, and most were beyond 5 years from the end 
of treatment, participants were assumed to be clinically 
stable during the week interval between completion of the 
first and second questionnaires.

The construct validity of YOU-CAN was assessed using 
the SCNS and EQ-5D as comparator instruments. The 
SCNS (34 items) is a widely used instrument, validated in 
18–85-year-olds diagnosed with cancer, that measures pa-
tients’ perception of their need for help in 5 domains: psy-
chological; health system; physical and daily living; patient 
care and support; sexuality, providing a score between 0 
and 100 validations in adult survivors of cancer aged.27

EQ-5D (5 items) is a generic measure of HRQoL, validated 
in adults aged over 16 years, across 5 domains: mobility, 
self-care, usual activities, pain/discomfort, and anxiety/de-
pression, and includes a visual analog scale. It is used in 
multiple areas of clinical care and in research worldwide.28

Phase 4: Pilot Study.—The aim of this phase was to provide 
preliminary data regarding the clinical utility of YOU-CAN 
in routine follow-up to direct future research and develop-
ment. A member of the clinical team invited eligible parti-
cipants to complete the YOU-CAN on paper prior to seeing 
the medical consultant for their annual follow-up. YOU-
CAN data and the time taken to complete the questionnaire 
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were recorded. Following consultations, 1 researcher (Kate 
Law) conducted semi-structured individual interviews with 
consented clinicians and patients who used the YOU-CAN 
during their clinic appointment. The interview guide for pa-
tients and clinicians aimed to gather opinions on the clin-
ical utility of YOU-CAN including the content of YOU-CAN; 
ease of completion/use; impact on discussions during 
consultation; impact on approach to offering support; and 
emotional response, when completing or discussing the 
results of YOU-CAN. Written interview notes were taken.

Data Analysis

Phase 1: Item Generation and Cognitive Interviews.—
Potential items were generated by listing all quotes 
from qualitative literature identified from the meta-
ethnography24 in an item tracking matrix. One researcher 
(Kate Law) grouped and merged quotes according to sim-
ilarity and interpreted them into a statement of need in 
discussion with the other members. The original wording 
of each item was maintained where possible to maximize 
readability and understanding and to reduce cognitive 
demand and complexity of items. Alterations were docu-
mented in the item tracking matrix to provide evidence of 
decision-making. Items were altered based on patients’ un-
derstanding following thematic analysis of transcripts.29

Phase 2: Cross-sectional Study for Hierarchical and Rasch 
Analysis.—Demographic and item responses for each 
questionnaire were analyzed using descriptive statistics. 
Statistical significance was at P < .05. Statistical analyses 
were conducted using SPSS (version 28.0.1.0 [142] Inc; 
Chicago, IL).

Hierarchical analysis was applied to the NAT V1.1 data 
to identify potential items for deletion, including items 
with: statistically significant age bias (Pearson’s corre-
lation) or sex bias (independent t test); floor and ceiling 
effects (<10% and >90% endorsed extreme categories, re-
spectively); substantial inter-item correlations (r > 0.7); and 
missing data per item (>20%).30,31 Following this process, 
the remaining items were included in the Rasch analysis.

Rasch Measurement Theory is an established method 
used to validate questionnaires based on 2 assumptions: 
the instrument is unidimensional, and the probability of 
answering an item is unrelated to the probability of an-
swering any other item for people with the same amount 
of trait.32 The underlying trait of unmet need is measured 
using items reflecting a range of item difficulty.33 “Item dif-
ficulty” in this case relates to the level of unmet need ex-
pressed by the item and is calculated according to observed 
and expected responses in RUMM software 2030 (www.
rummlab.com). Respondents were grouped according to 
their level of need into class intervals (of approximately 
equal sizes) using their observed scores in RUMM. Data 
from class intervals were compared using Chi-squared 
statistics. Summary statistics presented in Rasch anal-
ysis include the Person Separation Index. Analogous to 
Cronbach alpha it gives an estimate of internal consistency 
and was considered good when >0.90.32 Rasch analysis in-
volves identifying which items do not fit the Rasch model 
so they can be removed individually and iteratively until a 
unidimensional fit is achieved. Unidimensionality was in-
dicated by a nonsignificant difference between the person 
estimates of items showing the greatest difference when 
ordered by the first component in Principal Component 
Analysis.34 Residuals (summation of individual person and 
item deviations) between ±2.5 logits indicate adequate fit 
to the Rasch model, the scale of unmet need is measured in 
logits in RUMM software.34 Items outside this range were 
flagged for removal individually and iteratively. Additional 
tests of fit, as shown in Table 1, are displayed in RUMM 
software 2030 and were also used to identify items for po-
tential removal. Rasch analysis resulted in the NAT version 
named YOU-CAN.

Scoring.—Items were scored 1 (strongly agree; indicating 
agreement to having a “need”) to 5 (strongly disagree), 
and an item scored zero for any missing data. All items 
were post hoc reversed scored so that the transformed 
score was on a scale from 1 (lowest possible level of need) 
to 80 (highest possible level of need).

Table 1. Tests of Fit in Rasch Analysis

Tests of fit Explanation

Item characteristic 
curves (ICC)

ICC were examined after each item was removed to identify where remaining items over/under discriminate 
and therefore which items show misfit the Rasch model and could be removed. Under-discrimination is seen 
when more people are observed to have a low need for this item than expected and fewer people have a 
higher need than expected.

Targeting Targeting displays provided a visual representation of how well items target the participants by showing the 
relative distribution of participants and items on the same logit scale. This display was examined after each 
item was removed and the aim was to achieve a final set of well targeted items.

Category probability 
curves

It is assumed that there is a logical order in the use of responses across the underlying trait of unmet need. A 
threshold refers to the point between adjacent response categories for each item where it is equally likely to 
obtain either score of two adjacent categories. Category Probability Curves are a visual representation of the 
order of these thresholds and were examined to identify where items or the responses did not fit the Rasch 
model. Thresholds should be ordered and can be merged where disordered thresholds occurs.35

Local dependency A source of misfit could be due to presence of local dependency between items (r > 0.2 above the average of 
residual correlations), that is where the response to one item has a bearing on their response to a different 
item, illustrating which items can be removed.

www.rummlab.com
www.rummlab.com
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Missing Data.—Questionnaires for individual responders 
were removed prior to analysis if there was more than 30% 
missing data. Missing data in the remaining questionnaires 
was left blank for Rasch analysis, where there was less than 
5% missing it was not expected to affect results.32 Since 
responses needed to be on a Likert scale of increasing/
decreasing sequence for Rasch analysis, responses to “not 
applicable” were marked as missing. RUMM2030 automat-
ically assumes missing data is missing at random.36

Phase 3: Test–Retest Reliability and Construct Validity 
Evaluation.—Test-retest reliability for the total raw score 
of YOU-CAN was evaluated using intra-class correlation 
coefficients. Sufficient reliability is demonstrated when 
ICC ≥ 0.70.22

The SCNS and EQ-5D were analyzed as per the devel-
opers’ instructions.27,28 We hypothesized that the items 
in YOU-CAN would be sufficiently correlated (Pearson’s 
r ≥ 0.5) with the SCNS as they both measure unmet needs, 
albeit for different populations. We expected that YOU-CAN 
would correlate with the EQ-5D to a lesser extent (Pearson’s 
r = 0.3–0.5) as this is designed to measure HRQoL, a related 
but different concept to “unmet need.”22

Phase 4: Pilot Study.—Thematic analysis29 of interview 
data from patient and clinician participants was conducted. 
Descriptive statistics were used to analyze YOU-CAN data 
to show the level of need of participants in this phase.

Results

Study Participant Characteristics

In total, 316 out of 326 young people met eligibility cri-
teria, of whom 128 (41%) returned completed NAT V1.1 
questionnaires as part of Phase 2; 104 were completed on 
paper and 24 completed online. Time since treatment was 
not recorded, though the majority (n = 92) were recruited 
from a late effects service where patients were at least 5 
years beyond the completion of treatment. Table 2 shows 
that their characteristics represented a range of diagnoses 
and ages across the spectrum 16–39 years, with an equal 
number of men and women and 78% identifying as White 
British. There were no significant differences between the 
age (P = .220), gender (P = .157), or diagnosis (P = .078) of 
responders and nonresponders.

Phase 1: Item Generation and Cognitive 
Interviews

Initially, 227 quotes from 29 qualitative studies (n = 246 
individual participants) resulted in a list of 55 poten-
tial items; Supplementary Material 2 shows examples of 
 decision-making at this stage. Items were generated from 
participants who were between 6 months and 27 years 
post-completion of treatment thereby covering a broad 
range of time points within this period. After discussion 
with members of the patient experience group and clinical 
expert group, we produced a 41-item NAT V 1.0.

Eight cognitive interviews lasting between 35 and 
60 min were conducted. Table 3 shows examples of modi-
fications to item wording and 8 additional items based on 
interviewees’ suggestions; Supplementary Material 3 con-
tains the complete overview of modifications. This phase 
resulted in the NAT V1.1 which comprised 49 items.

Phase 2: Cross-sectional Study for Hierarchical 
and Rasch Analysis

Three questionnaires were excluded due to >30% missing 
data from the draft NAT and 125 were included in the final 
analysis. There was minimal missing data in the final data 
set: out of 125, 11 participants had less than 5% missing 
data and 5 participants had 5%–14% missing.

Hierarchical Item Reduction.—Hierarchical analysis iden-
tified 18 items for removal; the reasons are shown in 
Supplementary Material 5. No items showed ceiling effect 
or age bias.

Rasch Analysis.—The remaining 31 items were included in 
the Rasch analysis. Summary statistics demonstrated an ac-
ceptable level of fit to the Rasch unidimensional model after 
an iterative process of removing 15 items (final item set: χ2 
= 43.58, P = .08; 9 significant tests out of 118, 7.63%, lower 
bound confidence interval [CI] = 0.037). The fit statistics 
for the remaining 16 items, which make up the final YOU-
CAN version, are shown in Table 4. YOU-CAN items formed 
a unidimensional fit to the Rasch model with a Person 
Separation Index of 0.92. The final list of items making up 
YOU-CAN can be found in Supplementary Material 6.

The average score for YOU-CAN of 125 participants 
was 43.49 (n = 125; SD = 16.43) on a scale ranging from 1 
(lowest possible level of need) to 80 (highest possible level 
of need). The mean person location for the instrument was 
−0.37 (SD = 2.0; item fit = 0), demonstrating reasonable fit.34 
Examining the tests of fit of the final 16 items did not result 
in any other items being removed, these items were well tar-
geted and no differential item functioning was seen in these 
items using Bonferroni adjusted statistics. There was no sig-
nificant local dependency between items. Further informa-
tion on tests of fit can be seen in Supplementary Material 7.

Phase 3: Test–Retest Reliability and Construct 
Validity Evaluation

Forty participants completed the NAT at 2-time points 
a week apart. The intraclass correlation coefficient (ICC) 
between test and retest was 0.901 (CI: 0.814–0.948). 
Correlations between YOU-CAN and the EQ-5D and 
SCNS were r = 0.433 (P < .001) and r = 0.590 (P < .001), 
respectively.

Phase 4: Pilot Study

Six patient participants completed YOU-CAN prior to seeing 
the clinician. The mean need score was 51.33 (SD = 14.58). 
A score of 50 can indicate a high level of need for 10 issues 

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
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or a lower level of need for a higher number of issues. The 
mean time taken to complete the NAT was 2.12 min (SD 
= 0.85). Six patient participants and 4 clinician interviews 
were conducted, each lasting 10–25 min. Two themes were 
constructed: (1) Impact on consultations: length, focus of 
discussion, addressing needs; (2) Practical issues.

Themes.—
Consultation: Length

Clinicians reported mixed views regarding the impact of 
the NAT on the length of consultation. One clinician felt 

it made consultations shorter as it focused on discussion, 
and 3 clinicians felt it made them longer but acknowledged 
that “if we get used to it, it might speed up clinics.”

Consultation: Focus of Discussion

One clinician reported that the NAT confirmed the issues 
they anticipated to be present, while 3 others reported 
that YOU CAN raise issues not previously known to be a 
problem to the patient. Similarly, 4 patients reported that 
using the NAT allowed them to raise issues they would 
not have otherwise wanted to “bother the doctor with.” 

Table 2. Characteristics of Study Participants

Characteristic Phase 1
n (%) 
(n = 8)

Phase 2
n (%)
(n = 128)

Phase 3
n (%)
(n = 40)

Phase 4
n (%)
(n = 6)

Women 4 (50) 65 (51) 21 (52) 3 (50)

Men 4(50) 63 (49) 19 (48) 3(50)

Age group: 16–20 y 28 (22) 9 (23)

  21–25 y 4 (50) 33 (27) 10 (25) 2 (33)

  26–30 y 2 (25) 33 (25) 10 (25) 2 (33)

  31–35 y 1 (12) 23 (17) 6 (14) 2 (33)

  36–39 y 1 (12) 11 (9) 5 (13)

Diagnosis

  Craniopharyngioma 1 (12) 20 (16) 5 (13) 1(16)

  IDH wildtype diffuse astrocytoma 2 (2) 1 (16)

  Neurocytoma 2 (2)

  Germ cell tumor and Germinoma 1 (12) 19 (15) 8 (20)

  Low grade glioma 1 (12) 37 (29) 11 (8)

  Medulloblastoma 2 (25) 28 (22) 8 (20) 1 (16)

  Oligodendrocytoma 2 (2)

   Rhabdoid tumor 1 (1) 1 (2)

  Xanthroastrocytoma 1 (1)

Meningioma 2 (2) 1(2) 1 (16)

Ependymoma 7 (5) 4 (10)

Pineal tumour 1 (12) 4 (4) 1 (2) 1 (16)

Choroid plexus tumour 2 (25) 1 (1) 1 (2) 1 (16)

Gliosarcoma 1 (1)

Glioblastoma 1 (1)

Ethnicitya: Not recorded

  African 1 (1)

  White British 7 (88) 98 (78) 35 (88)

  Asian 1 (12) 13 (10) 5 (12)

  Chinese 1 (1)

Missing data 12 (10)

Employment statusa: employed 3 (37) 79 (63) 28 (70) Not recorded

Marriage statusa: married 2 (25) 16 (13) 6 (15) Not recorded

Note:
aInformation on ethnicity, employment, and marriage status was recorded with informed consent, this information was not recorded where partici-
pants declined to participate. Demographic information on nonresponders is in Supplementary Material 4.
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Table 3. Examples of Quotes from Cognitive Interviews which Supported Item Amendment

Potential draft item: 
Currently, I feel like I need 
help with …

Quote from cognitive interviews to support change Amended draft item: Currently, 
I feel like I need help with …

finding ways to over-
come side effects of my 
cancer or treatment

So basically, finding ways to, like for example my muscle cramps … I 
read it as physical … physical and emotional well-being are two different 
things … (Interview 6)

finding ways to overcome phys-
ical issues (eg, Poor balance, 
fatigue, memory loss, loss of 
hearing, and loss of sight)

Additional item: finding ways to 
overcome emotional issues

Dealing with symptoms 
more common in older 
people (eg, menopause)

So for this one, kind of symptoms that wouldn’t usually happen in 
someone in my age group … the phrase more common in older people, I 
don’t know, I wouldn’t want anyone to get offended by that … if they are 
struggling with it, oh, that kind of sucks (Interview 5)

dealing with symptoms that 
wouldn’t usually happen to 
someone in my age group

worry that I won’t be able 
to have children

I’d say “starting a family” and worry about infertility (I4)
I did worry a lot, what if my kid also has the same tumour or what if I pass 
down my cancer or something … (I6)
Starting a family is different (to infertility) because there are so many 
things you can do like surrogacy, IVF, adoption, like that (Interview 6)

worry about starting a family

Additional item: worry about 
infertility

relying on my parents for 
support for my mental 
health

I did have a question about this … this question the way it is phrased is 
like I need help not doing this thing, if that makes sense … people don’t 
want to be relying on their parents so I think it could be phrased in a 
more positive way … (Interview 5)

accessing support for my 
mental health outside of my 
family

Table 4. Fit Statistics for Remaining Items that Form YOU-CAN

Item: “currently, I feel like I need help with …” Item lo-
cation

Item fit 
residual

Local dependency (r) ICC fit (Chi-square 
probability)

1. Finding ways to overcome physical issues (eg, Poor bal-
ance, fatigue, memory loss, loss of hearing, loss of sight).a

−0.869 1.102 Item 2 0.212 0.602

2. Finding ways to overcome emotional issues −0.483 1.566 0.682

3. Mourning the loss of my old life 0.073 −0.214 0.575

4. Belonging to a friendship group 0.215 1.648 0.371

5. Not worrying my family with my problems 0.019 0.530 Item 2 0.197 0.805

6. Wanting to help my family manage their worries 0.018 −0.493 Item 5 0.383 0.287

7. Managing my worries about starting a family −0.119 6.595 0.00b

8. Not feeling defined by my brain tumor 0.275 −1.979 0.083

9. Accepting who I have become −0.041 −0.350 Item 8 0.243 0.399

10. Feeling like my previous self 0.124 −0.376 Item 3 0.233, item 8 0.273, 
item 9 0.157

0.541

11. Having a positive attitude 0.063 0.748 Item 9 0.145, item 10 0.153 0.811

12. Finding ways to live independently −0.057 −0.287 0.827

13. Going out safely alone 0.194 −0.406 Item 12 0.275 0.241

14. Learning daily life skills (eg, using public transport, 
buying things)c

0.348 −0.495 Item 12 0.137, item 13 0.457 0.323

15. Finding ways to take part in hobbies 0.318 −0.638 Item 13 0.231, item 14 0.423 0.625

16. Accessing support for my mental health outside of my 
family

−0.079 0.559 0.552

Note:
aLowest item location represents the item reflecting lowest level of unmet need.
bClassic under-discrimination.
cHighest item location rsepresenting the item expressing greatest level of unmet need.
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These patient participants said it changed their discussion 
and provided them with answers to ongoing issues. All 
patients and health care professionals agreed there was 
nothing missing from the list of items.

Consultation: Addressing Needs

All clinicians mentioned the need for guidance on how to 
respond when a patient identifies they need support. One 
clinician reported the current lack of resources to provide 
support made them feel awkward as “we want to give solu-
tions to problems; it’s uncomfortable when we don’t have 
resources to help the well-being of our patients.” Three clin-
icians commented on the lack of multidisciplinary support 
to address the needs identified by YOU-CAN. YOU-CAN 
highlighted that addressing the diverse nature of unmet 
needs required a multidisciplinary approach: “ a lot of it is 
social work, we could do with a social worker, a lot isn’t 
medical,” “we need more help, a late effects nurse, psych-
ologist...” One patient reinforced the desire for a multi-
disciplinary team approach: “it would be helpful if there 
was someone else to talk to, not a doctor, a doctor isn’t the 
right person to help with everything. We need someone in 
clinic to signpost us.” All patient participants felt comfort-
able answering the questions.

Practical Issues
One patient who completed the NAT while sitting next to 

their mother said their presence influenced their answers 
as their mother could see the responses. Another patient 
said they wished for the NAT to be given on paper during 
the clinic as “emails and links to online questionnaires 
would just get lost.” All patients commented on the ease of 
completion. Clinicians noted that they would prefer to see 
the results prior to the consultation to give some time for 
preparation, and that results would be most useful if they 
were accessible on the electronic patient record.

Discussion

YOU-CAN is a 16-item questionnaire, designed to measure 
unmet needs in AYA survivors of a CNS tumor. To our 
knowledge, this is the first NAT designed and validated 
with AYA survivors of a CNS tumor (aged 16–39 years). The 
demographics of the participants in this study were sim-
ilar to those who were invited to take part but chose not 
to respond. Our population was also representative of the 
ethnic diversity of those diagnosed with a CNS tumor in 
the United Kingdom.37 Despite guidance to provide per-
sonalized support in follow-up, it is widely accepted that 
this population can experience ongoing issues and an 
objective assessment of issues is often lacking.14,15 PROs 
designed to measure HRQoL exist for this population, 
however, when assessing which issues are a priority to the 
patient, NATs are more suitable as they identify which is-
sues the individual wants support with.38 Age-appropriate, 
but not disease-specific tools to improve assessments of 
need are available to guide conversations between health 
care professionals and patients, such as the Integrated 
Assessment Map39 though this lacks psychometric valida-
tion, and is not intended to quantify levels of unmet need 

using a total score. In addition, validated NATs exist that 
have been developed in other cancer populations, for ex-
ample the Patient Concerns Inventory, developed in adult 
populations of CNS survivors.40 However, it is known that 
measurement instruments designed for adult or pediatric 
populations may overlook age-specific issues resulting in 
misleading results.20,21

We have demonstrated the content validity of YOU-CAN 
by ensuring the comprehensiveness of items generated 
from a systematic literature review in addition to patient 
and health care involvement during its development and 
cognitive interviews. Consideration of the complexity of 
items was necessary given this population is susceptible 
to cognitive impairment.41 The choice of recall period was 
influenced by the patient experience group and qualitative 
data from cognitive interviews. Using “currently” as a re-
call period, as opposed to “in the last week/ month” which 
is common in other NATs,42,43 minimizes complex proc-
essing for people who have poor memory and may find 
being asked to recall how they felt over a longer period 
a challenge. This may also reflect disease-specific prefer-
ences, as a time frame is not specified in the NAT devel-
oped for adult CNS patients.40

YOU-CAN demonstrated excellent test-retest reliability 
for the overall score of unmet need and good construct va-
lidity with the EQ-5D and SCNS.27,28 However more testing 
at item test-retest level is needed since it is necessary for 
the scores for each item to remain constant in order to 
demonstrate responsiveness.44

The concept of unmet need can be considered a multi-
dimensional construct.45 However, Rasch analysis iden-
tified 16 items that contribute reliably to measuring 1 
underlying trait (unmet need) while still including a range 
of important aspects of survivorship relevant to the un-
derlying conceptual framework: concerns about phys-
ical and emotional health; family and relationships; 
self-acceptance; and independence. These are known to be 
areas of ongoing concern for the AYA CNS tumor survivor 
population.3,8,9 Qualitative data from the pilot study and 
patient experience group suggested endorsement of the 
content and comprehensiveness of the final instrument. 
However, the clinical expert group noted a lack of items 
regarding employment and education, which are known 
issues for this population.5,9 Items relating to education 
demonstrated a floor effect and indicated redundancy so 
were removed during hierarchical analysis. During Rasch 
analysis, items related to employment demonstrated mis-
fits and were removed to create a unidimensional instru-
ment where data fits the Rasch model. Further research is 
necessary to examine the clinical utility of YOU-CAN and 
whether an item about employment is necessary.

Limitations

The majority of qualitative studies included to generate 
items for NAT V1.0 consisted of mainly White European 
and American populations, therefore, the items may under-
represent the needs of people from other cultures. In addi-
tion, due to the small number of participants from ethnic 
minority groups, we were unable to examine whether eth-
nicity affects item functioning. Information on the ethnicity 
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of those eligible but who did not respond was also missing, 
so we could not assess whether our study population was 
representative of the overall sample in terms of ethnicity. 
Further research is necessary to establish the cross-cultural 
validity of YOU-CAN.

The response option “Neither agree/ disagree” was 
underused and therefore demonstrated some misfit to 
the Rasch model and this option could not be merged 
post hoc as recommended33 since it is impossible to de-
termine whether it should be combined with “agree” or 
“disagree” which are the options either side of this re-
sponse. The alternative is to code this as missing, how-
ever, such a large amount of missing data would decrease 
the reliability of the analysis, therefore the response was 
kept despite it being under-used.32 If respondents did not 
have this as a response option and were forced to an-
swer agree, disagree, or leave blank, it is possible that 
data would fit differently to the Rasch model and items 
forming the final unidimensional instrument may have 
been different.

Implications for Practice

We have demonstrated here that the YOU-CAN is quick and 
simple for patients to use and, in a very small pilot study, 
that it may have clinical utility. YOU-CAN allows patients to 
report what matters to them, thereby contributing to over-
coming clinician bias and enabling a consistent person-
centered approach to identifying the needs that patients 
deem important.

Many NATs have been developed, validated, and suc-
cessfully implemented into routine practice in other 
populations to provide a short, reliable, and systematic 
method of identifying needs while also being used to col-
lect routine data for research purposes and service de-
velopment.46,47 The purpose of YOU-CAN is not to identify 
all possible unmet needs experienced by an individual. 
Instead, it can be used to provide a starting point for con-
versations between HCP and patients, while collecting 
valid and reliable data on the unmet needs of AYA sur-
vivors of a CNS tumor attending long-term follow-up. This 
means that, informed by the patient involvement group 
and the cognitive interviews, we kept some items purpose-
fully broad while complementing them with more specific 
prompts (see Supplementary Material 6). This helped us 
to keep the instrument short while optimizing its clinical 
utility. Furthermore, identifying unmet needs with YOU-
CAN should only be considered the first step toward re-
solving the issue. Patients’ responses to YOU-CAN can 
help clinical teams to characterize ongoing needs, direct 
support to those who need it most, or initiate implemen-
tation of appropriate interventions into the service where 
support does not already exist, for example, referral to a 
fertility specialist, psychological support services and so-
cial services to support independent living. Pilot data sug-
gests the use of YOU-CAN gave clinicians and patients’ 
permission to discuss different issues related to gaining 
independence, which are not routinely raised but are on-
going concerns for patients. It should be possible for is-
sues around employment to be raised if there are issues 
with living independently or learning life skills. However, 

the lack of employment-specific items highlights the need 
for further research to examine the clinical utility and con-
tent of YOU-CAN.

Further research to examine the responsiveness and 
clinical utility on a larger scale is important and necessary 
before it can be incorporated into routine follow-up clinics. 
If YOU-CAN demonstrates responsiveness proven to detect 
change in unmet needs over time with good reliability at 
the item level and it is able to detect when a real change 
has occurred, then there is an opportunity to use this to 
improve the collection of routine data to better characterize 
the unmet needs specific to AYA survivors of CNS cancer. 
Reliable data can then be used to audit clinical perfor-
mance; research; and evaluate clinical practice.48

Our pilot data also suggest a multidisciplinary ap-
proach to follow-up is required, in keeping with existing 
evidence.49,50 Last, further work must also focus on devel-
oping services to address needs once they are identified 
and to maximize the YOU-CANs clinical utility.

Conclusions

A short, valid, and reliable instrument has been developed 
using robust methods to identify and provide a measure 
of unmet needs in AYA survivors of a CNS tumor. Future 
research should include pilot testing YOU-CAN in routine 
care on a larger scale, examining YOU-CAN’s interpreta-
bility, responsiveness, and feasibility, and development 
guidance for managing unmet needs.
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Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).

Funding

This work was supported by Manchester Cancer Research 
Centre and The Christie Hospital NHS Foundation Trust. There 
are no specific grant numbers.

Conflict of Interest Statement

None declared.

Affiliations

Division of Nursing, Midwifery and Social Work, Faculty of 
Biology, Medicine and Health, University of Manchester, 
Manchester, UK (K.L., J.Y.); Division of Cancer Sciences, Faculty 
of Biology, Medicine and Health, University of Manchester, 
Manchester, UK (M.G.M.); The Christie Hospital NHS Foundation 

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad082#supplementary-data
http://neuro-oncology.oxfordjournals.org/


 214 Law et al.: The development and validation of a needs assessment tool

Trust, Manchester, UK (K.L., M.G.M., J.Y.); Centre for Health 
Informatics, Division of Informatics, Imaging and Data Sciences, 
Faculty of Biology, Medicine and Health, Manchester Academic 
Health Science Centre, University of Manchester, Manchester, 
UK (S.N.v.d.V.)

References

1. Children, teenagers and young adults UK cancer statistics report. 
Report on behalf of the National Cancer Registration and Analysis 
Service for England, the Northern Ireland Cancer Registry, the Scottish 
Cancer Registry (part of Public Health Scotland), and the Welsh Cancer 
Intelligence and Surveillance Unit (part of Public Health Wales); Public 
Health England, 2021. https://digital.nhs.uk/ndrs/data/data-outputs/
ctya-uk-cancer-statistics-report-2021.

2. Armstrong GT, Liu Q, Yasui Y, et al. Long-term outcomes among adult 
survivors of childhood central nervous system malignancies in the child-
hood cancer survivor study. J Natl Cancer Inst. 2009;101(13):946–958.

3. Kuhlthau K, Luff D, Delahaye J, et al. Health-related quality of life of 
adolescent and young adult survivors of central nervous system tumors: 
Identifying domains from a survivor perspective. J Pediatr Oncol Nurs. 
2015;32(6):385–393.

4. Chen C, Chen Y, Haase JE. Games of lives in surviving childhood brain 
tumors. West J Nurs Res. 2008;30(4):435–457.

5. Godono A, Felicetti F, Conti A, et al. Employment among childhood 
cancer survivors: A systematic review and meta-analysis. Cancers. 
2022;14(19):4586–4606.

6. Dumas A, Berger C, Auquier P, et al. Educational and occupational out-
comes of childhood cancer survivors 30 years after diagnosis: A French 
cohort study. Br J Cancer. 2016;114(9):1060–1068.

7. Ness KK, Morris EB, Nolan VG, et al. Physical performance limi-
tations among adult survivors of childhood brain tumors. Cancer. 
2010;116(12):3034–3044.

8. Frobisher C, Glaser A, Levitt GA, et al. Risk stratification of childhood 
cancer survivors necessary for evidence-based clinical long-term 
 follow-up. Br J Cancer. 2017;117(11):1723–1731.

9. Hobbie WL, Ogle S, Reilly M, et al. Adolescent and young adult survivors 
of childhood brain tumours. Cancer Nurs. 2016;39(2):134–143.

10. Ljungman L, Remes T, Westin E, et al. Health-related quality of life in 
long-term survivors of childhood brain tumors: A population-based co-
hort study. Supp Care Cancer. 2022;30(6):5157–5166.

11. Hocking MC, Hobbie WL, Deatrick JA, et al. Neurocognitive and family 
functioning and quality of life among young adult survivors of childhood 
brain tumors. Clin Neuropsychol. 2011;25(6):942–962.

12. Deatrick JA, Barakat LP, Knafl GJ, et al. Patterns of family management 
for adolescent and young adult brain tumor survivors. J Fam Psychol. 
2018;32(3):321–332.

13. Glaser A, Levitt G, Morris P, Tapp J, Gibson F; Children and Young People 
workstream of the National Cancer Survivor Initiative (NCSI), UK. en-
hanced quality and productivity of long-term aftercare of cancer in young 
people. Arch Dis Child. 2013;98(10):818–824.

14. Vance YH, Eiser C, Horne B. Parents views of the impact of childhood 
brain tumours and treatment on young peoples social and family func-
tioning. Clin Child Psychol Psychiatry. 2004;9(2):271–288.

15. Hocking MC, Quast LF, Brodsky C, Deatrick JA. Caregiver perspectives 
on the social competence of pediatric brain tumour survivors. Support 
Care Cancer. 2017;25(12):3749–3757.

16. Basch E, Deal AM, Kris MG, et al. Symptom monitoring with patient-
reported outcomes during routine cancer treatment: A randomised con-
trolled trial. J Clin Oncol. 2016;34(6):557–565.

17. Law K, Harris E, McCabe MG, Yorke J, van der Veer S. Measurement 
properties of patient-reported outcome measures for adolescent and 
young adult survivors of a central nervous system tumor: A systematic 
review [published online ahead of print June 12, 2023]. J Adol Young 
Adult Oncol. doi:10.1089/jayao.2023.0048.

18. Afseth J, Neubeck L, Karatzias T, Grant R. Holistic needs assessment 
in brain cancer patients: A systematic review of available tools. Eur J 
Cancer Care. 2018;28(3):e12931.

19. Bull KS, Hornsey S, Kennedy CR, et al. Systematic review: Measurement 
properties of patient-reported outcome measures evaluated with child-
hood brain tumour survivors or other acquired brain injury. Neuro-Oncol 
Pract. 2019;7(3):277–287.

20. Wakefield CE, Patterson P, McDonald FEJ, Wilson HL, Davis EL. 
Assessment of psychosocial outcomes in adolescents and young adults 
with cancer: A systematic review of available instruments. J Clinic 
Oncol Adol Young Adults. 2013;3:13–27.

21. Nicklin E, Velikova G, Glaser A, et al. Long-term unmet supportive care 
needs of teenage and young adult (TYA) childhood brain tumour sur-
vivors and their caregivers: a cross-sectional survey. Support Care 
Cancer. 2022;30(3):1981–1992.

22. Prinsen CAC, Mokkink LB, Bouter LM, et al. COSMIN guideline for sys-
tematic reviews of patient-reported outcome measures. Qual Life Res. 
2018;27(5):1147–1157.

23. US Department of Health and Human Services Food and Drug 
Administration. Guidance for industry: Patient- reported outcome meas-
ures: Use in medical product development to support labelling claims; 
2009 https://www.fda.gov/media/77832/download.

24. Law K, Salam I, McCabe M, et al. Experiences and unmet needs of ado-
lescent and young adult survivors of a brain tumour (aged 15-39 years): A 
systematic review and meta-ethnography [published online ahead of print 
December 8, 2023]. Cancer Nurs. doi:10.1097/NCC.0000000000001311.

25. Beatty PC, Willis G. Research synthesis: The practice of cognitive 
interviewing. Public Opinion Quart. 2007;71(2):287–311. https://ssrn.
com/abstract=1452561

26. Mokkink LB, de Vet HCW, Prinsen CAC, et al. COSMIN Risk of Bias check-
list for systematic reviews of Patient‐ Reported Outcome Measures. 
Qual Life Res. 2017;27(5):1171–1179.

27. Boyes AW, Girgis A, Lecathelinais LC. Brief assessment of adult 
cancer patients’ perceived needs: Development and validation of the 
34-item Supportive Care Needs Survey (SCNS-SF34). J Eval Clin Prac. 
2009;15(4):602–606.

28. Rabin R, de Charro F. EQ-5D: A measure of health status from the 
EuroQol Group. Ann Med. 2001;33(5):337–343.

29. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res 
Psychol. 2006;3(2):77–101.

30. Rattray J, Jones MC. Essential elements of questionnaire design and 
development. J Clin Nurs. 2007;16(2):234–243.

31. Petrillo J, Cano S, McLeod LD, Coon CD. Using classical test theory, item 
response theory, and Rasch measurement theory to evaluate patient-
reported outcome measures: a comparison of worked examples. Value 
Health. 2015;18(1):25–34.

32. Streiner D L, Norman GR, Cairney J. Health Measurement Scales: A 
Practical Guide to their Development and Use. 5th ed. New York: Oxford 
University Press; 2015

33. Rasch G. Probabilistic Model for Some Intelligence and Achievement 
Tests. Copenhagen: Danish Institute for Educational Research; 1960

34. Yorke J, Horton M, Jones PW. A critique of Rasch analysis using the 
Dyspnoea-12 as an illustrative example. J Adv Nurs. 2012;68(1):191–198.

https://digital.nhs.uk/ndrs/data/data-outputs/ctya-uk-cancer-statistics-report-2021
https://digital.nhs.uk/ndrs/data/data-outputs/ctya-uk-cancer-statistics-report-2021
https://doi.org/10.1089/jayao.2023.0048
https://www.fda.gov/media/77832/download
https://doi.org/10.1097/NCC.0000000000001311
https://ssrn.com/abstract=1452561
https://ssrn.com/abstract=1452561


215Law et al.: The development and validation of a needs assessment tool
N

eu
ro-

O
n

colog
y

N
eu

ro-O
n

colog
y 

P
ractice

35. Andrich D, Sheridan B, Luo G. RUMM 2030. 4.0 for Windows (Upgrade 
4600.0109) 2010. Perth, WA: RUMM Laboratory; 2010. http://www.
rummlab.com.au/

36. Kleppang AL, Steigen AM, Finbråten HS. Using Rasch measurement 
theory to assess the psychometric properties of a depressive symp-
toms scale in Norwegian adolescents. Health Qual Life Outcomes. 
2020;18(1):127–135.

37. Delon, C, Brown, KF, Payne, NWS, Kotrotsios, Y, Vernon, S, Shelton, 
J. (2022). ‘Differences in cancer incidence by broad ethnic group in 
England, 2013–2017’. Br J Cancer. 2022;126(12):1765–1773.

38. Sanson-Fisher R, Girgis A, Boyes A, et al. The unmet supportive care 
needs of patients with cancer. Cancer. 2000;88(1):226–237.

39. Stevens MCG, Beynon P, Cameron A, et al. Understanding and utilizing 
the unmet needs of teenagers and young adults service development: 
The Macmillan on target programme. J Adolesc Young Adult Oncol. 
2018;7(6):652–659.

40. Rooney AG, Netten A, McNamara S, et al. Assessment of a brain-
tumour-specific Patient Concerns Inventory in the neuro-oncology clinic. 
Supp Care Cancer. 2014;22(4):1059–1069.

41. Schwartz AE, Kramer JM, Longo AL. Patient-reported outcome meas-
ures for young people with developmental disabilities: Incorporation of 
design features to reduce cognitive demands. Dev Med Child Neurol. 
2018;60(2):173–184.

42. Campbell HS, Hall AE, Sanson-Fisher RW, et al. Development and vali-
dation of the short-form survivor unmet needs survey (SF-SUNS). Supp 
Care Cancer. 2014;22(4):1071–1079.

43. Husson O, Zebrack BJ. Psychometric evaluation of an adolescent and 
young adult module of the impact of cancer instrument. J Adolesc Young 
Adult Oncol. 2017;6(1):159–170.

44. Viswanathan M. Measurement Error and Research Design. CA: Sage 
Publications; 2005.

45. Fitch M. Supportive care for cancer patients. Hospital Quarterly. 
2000;3(4):39–46.

46. Haines ER, Lux L, Swift C, et al. The adolescent and young adult needs 
assessment and service bridge (NA-SB): A single-arm feasibility pilot 
study. J Psychosocial Oncol. 2024;42(1):16–31.

47. Richfield EW, Johnson MJ. Palliative care in Parkinson’s disease: A re-
view of assessment tools. Ann Palliat Med. 2022;9(S1):S6–S15.

48. Coulter A, Potter C, Peters M, Fitzpatrick R. Cancer Proms: A Scoping 
Study. London, UK: Macmillan in partnership with the University of 
Oxford; 2015.

49. Gabanelli P. A rehabilitative approach to the patient with brain cancer. 
Neurol Sci. 2005;26(Suppl 1):S51–S52.

50. Cacciotti C, Fleming A, Duckworth JA, et al. Late effects care for child-
hood brain tumor survivors: A quality-improvement initiative. Ped Haem 
Oncol. 2022;39(4):291–303.

http://www.rummlab.com.au/
http://www.rummlab.com.au/

