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ABSTRACT
Objectives The non- transfusion- dependent beta- 
thalassaemia- patient- reported outcome (NTDT- PRO) 
questionnaire was developed for assessing anaemia- 
related tiredness/weakness (T/W) and shortness of breath 
(SoB) among patients with NTDT. Psychometric properties 
were evaluated using blinded data from the BEYOND trial 
(NCT03342404).
Design Analysis of a phase 2, double- blind, randomised, 
placebo- controlled trial.
Setting USA, Greece, Italy, Lebanon, Thailand and the UK.
Participants Adults (≥18 years) (N=145) with NTDT 
who had not received a red blood cell transfusion within 
8 weeks prior to randomisation, with mean baseline 
haemoglobin level ≤100 g/L.
Measures NTDT- PRO daily scores from baseline until 
week 24, and scores at select time points for the 36- Item 
Short Form Health Survey version 2 (SF- 36v2), Functional 
Assessment of Chronic Illness Therapy–Fatigue (FACIT- F) 
and Patient Global Impression of Severity (PGI- S).
Results Cronbach’s alpha at weeks 13–24 was 0.95 and 
0.84 for the T/W and SoB domains, respectively, indicating 
acceptable internal consistency reliability. Among 
participants self- reporting no change in thalassaemia 
symptoms via the PGI- S between baseline and week 1, 
intraclass correlation coefficients were 0.94 and 0.92 
for the T/W and SoB domains, respectively, indicating 
excellent test–retest reliability. In a known- groups validity 
analysis, least- squares mean T/W and SoB scores at 
weeks 13–24 were worse in participants with worse 
scores for the FACIT- F Fatigue Subscale (FS), SF- 36v2 
vitality or PGI- S. Indicating responsiveness, changes in 
T/W and SoB domain scores were moderately correlated 
with changes in haemoglobin levels, and strongly 
correlated with changes in SF- 36v2 vitality, FACIT- F FS, 
select FACIT- F items and the PGI- S. Improvements in 
least- squares mean T/W and SoB scores were higher in 
participants with greater improvements in scores on other 
PROs measuring similar constructs.
Conclusions The NTDT- PRO demonstrated adequate 
psychometric properties to assess anaemia- related 

symptoms in adults with NTDT and can be used to 
evaluate treatment efficacy in clinical trials.

INTRODUCTION
Beta- thalassaemias are a group of genetic 
blood disorders characterised by defective 
synthesis of the beta- globin chains of haemo-
globin and ineffective erythropoiesis. Pheno-
types are highly variable: while some patients 
are borderline asymptomatic, others expe-
rience significant symptoms associated with 
severe chronic anaemia.1

From a clinical perspective, patients are often 
categorised as having transfusion- dependent 
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 ⇒ Strengths of this study include use of well- validated 
patient- reported outcome (PRO) instruments such 
as Patient Global Impression of Severity, Patient 
Global Impression of Change, 36- Item Short Form 
Health Survey version 2 and Functional Assessment 
of Chronic Illness Therapy–Fatigue.

 ⇒ The data used in this analysis were from a phase 2 
interventional study with participants from multiple 
geographical regions and spanning a range of non- 
transfusion- dependent beta- thalassaemia (NTDT) 
symptom severities.

 ⇒ The use of blinded data from an interventional study 
allowed for changes in symptom severity to be 
observed, validating the NTDT- PRO’s sensitivity to 
identify longitudinal changes in symptoms.

 ⇒ Given that NTDT is a rare disease, limitations of the 
present study include the reduced sample size for 
typical psychometric evaluations.

 ⇒ Cut- off values used to define different levels of 
improvement in the responsiveness analysis are 
not well established and were based on certain 
assumptions.
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beta- thalassaemia (TDT) or non- transfusion- dependent 
beta- thalassaemia (NTDT). While patients with TDT 
require lifelong blood transfusions, those with NTDT 
only require transfusions in certain circumstances, such 
as during infections, pregnancy and surgery.2 3 Due to 
anaemia or primary iron overload, which accumulates 
as patients get older, NTDT can result in various comor-
bidities (eg, hepatic disease, endocrinopathy, thrombo-
embolic events, pulmonary hypertension, leg ulcers and 
extramedullary haematopoietic masses), which not only 
have a negative impact on patients’ daily activities and 
quality of life (QoL), but also reduce survival.4–6

Patient- reported outcome (PRO) questionnaires are 
used to assess how patients feel and function as well as 
their overall QoL. Reflecting the patient experience in 
these ways is important when evaluating treatments in 
clinical trials, and particularly in instances when patients 
experience symptoms from lifelong diseases.

Patient- centred research in NTDT is limited by a lack 
of rigorously developed PRO instruments for assessing 
symptoms important to patients in the target patient 
population. For example, health- related QoL (HRQoL) 
in patients with beta- thalassaemias has typically been eval-
uated by generic questionnaires such as the Short Form 
Health Survey version 2 (SF- 36v2) and the WHO 100- item 
Quality of Life Survey,7 8 which may fail to capture the 
unique experiences of patients with beta- thalassaemia. 
Two beta- thalassaemia- specific PRO instruments for 
assessing HRQoL are now available: the Specific Thalas-
saemia Quality of Life Instrument and the Transfusion- 
dependent Quality of Life Questionnaire.9 10 However, 
both tools were developed for patients with TDT and 
include questions on the impact of transfusions, which 
are often not relevant for patients with NTDT. Moreover, 
they focus more on general functioning and QoL and 
do not specifically capture anaemia- related symptoms 
of beta- thalassaemia, which can be more prominent in 
NTDT than in TDT because of the lack of transfusions.11 12 
In addition, neither instrument has been evaluated in 
patients with NTDT.

The NTDT- PRO was created to fill the gap in available, 
indication- specific PRO questionnaires defensible for use 
among patients with NTDT. Developed in the context 
of evaluating the treatment benefit of luspatercept (an 
approved treatment for anaemia in adults with TDT) 
among patients with NTDT, the NTDT- PRO is a six- item 
questionnaire intended to measure the most relevant and 
important anaemia- related symptoms of NTDT.13 In accor-
dance with US Food and Drug Administration guidance 
on the development of PRO tools,14 evidence supporting 
the content validity of the NTDT- PRO was obtained from 
qualitative work, including concept elicitation and cogni-
tive interviews with patients with NTDT,13 and a prelimi-
nary psychometric evaluation using data from a 24- week 
observational study showed promising reliability and 
validity results.15 However, the ability of the NTDT- PRO 
to capture longitudinal changes in symptoms could not 
be properly assessed due to the non- interventional study 

design. In the present study, a detailed evaluation of the 
reliability and validity of the NTDT- PRO was conducted, 
including its ability to reflect changes in symptom severity 
over time, using data from the BEYOND trial.16

METHODS
Study design
The analysis was based on blinded data generated from 
BEYOND, a phase 2, double- blind, randomised, placebo- 
controlled trial of luspatercept in adults with NTDT 
(NCT03342404), conducted in the USA, Greece, Italy, 
Lebanon, Thailand and the UK.16 Briefly, the trial included 
double- blind and open- label treatment phases and long- 
term follow- up. For double- blind treatment, participants 
were randomly assigned 2:1 to luspatercept or placebo. 
Luspatercept was administered as a subcutaneous injec-
tion every 3 weeks for 48 weeks. The assessment period 
for the primary and key secondary efficacy endpoints was 
weeks 13–24. The starting dose of luspatercept was 1 mg/
kg and the maximum dose was 1.25 mg/kg or 120 mg. 
The trial was unblinded 48 weeks after the last participant 
had received their first dose of study drug. All participants 
were eligible to receive open- label luspatercept for up to 
15 months, and could then continue to receive luspater-
cept during the post- treatment follow- up period.

The psychometric analysis plan was finalised prior to 
the finalisation of the core study statistical analysis plan 
and study unblinding. All analyses were carried out on 
an interim blinded data cut, and all analysts remained 
blinded until programming of all prespecified analyses 
was complete.

Participants
Participants were adults (≥18 years of age) with beta- 
thalassaemia or haemoglobin E/beta- thalassaemia. They 
were non- transfusion dependent, as defined by receipt of 
0–5 units of red blood cells during the 24 weeks before 
randomisation, and had not received a red blood cell 
transfusion in the 8 weeks prior to randomisation. To be 
eligible for enrolment, they were additionally required 
to have a mean baseline haemoglobin level (based on at 
least two measurements taken ≥1 week apart) of ≤100 g/L 
and an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1. Patients with haemoglobin 
S/beta- thalassaemia or alpha- thalassaemia alone were 
excluded, as were patients who had previously been 
exposed to luspatercept or sotatercept. All participants 
provided written informed consent.

Patient and public involvement
No patients involved.

PRO assessments
The NTDT- PRO and Patient Global Impression of Severity 
(PGI- S) were translated and linguistically validated into 
multiple languages based on the geographical regions 
of the study sites and were administered daily, in the 
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preferred language of each participant, from the 7 days 
prior to randomisation until week 24, then daily for 7 days 
before dosing of every other dose of study drug. The 
Patient Global Impression of Change (PGI- C), SF- 36v2 
and Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT- F) were administered at screening and 
on the day of dosing for every other dose of study drug, 
starting from the first dose. The SF- 36v2, FACIT- F and 
PGI- C assessments were mapped to a nominal week using 
a mapping algorithm (see online supplemental table 1).

NTDT-PRO questionnaire
The NTDT- PRO assesses the severity of symptoms associ-
ated with NTDT in the 24 hours prior to administration. 
The six items assess tiredness (lack of energy, two items), 
weakness (lack of strength, two items) and shortness 
of breath (SoB) (two items) when doing and when not 
doing physical activity. Each item uses an 11- point Numer-
ical Rating Scale (NRS) ranging from 0 (no symptoms) 
to 10 (extreme symptoms). Responses to the NTDT- PRO 
can be used to derive tiredness/weakness (T/W) and SoB 
domain scores. In the BEYOND trial, the NTDT- PRO was 
completed in the evening as a part of an electronic diary 
that also included the PGI- S. NTDT- PRO T/W and SoB 
scores were included as secondary endpoints in the trial.16

Weekly item and domain scores were calculated from 
baseline (week 0) to week 24. For a given week, the weekly 
score for each item was calculated as the average of the 
daily scores for that item if scores were available for at 
least 4 days (ie, at least 50% of the week); otherwise, the 
score was set to ‘missing’. Weekly T/W and SoB domain 
scores (range: 0 (no symptoms) to 10 (extreme symp-
toms)) were calculated as the average of non- missing 
weekly item scores for the T/W domain or SoB domain. 
Weekly domain scores were only calculated if weekly 
scores were non- missing for at least two of the four T/W 
items (including ≥1 tiredness item and ≥1 weakness item) 
or at least one of the two SoB items; otherwise, they were 
set to ‘missing’. Average T/W and SoB scores over weeks 
13–24 were calculated using data for all non- missing 
weeks during that time interval. If all weekly scores over 
weeks 13–24 were missing, the average score over weeks 
13–24 was set to ‘missing’.

Patient Global Impression of Severity
PGI- S is a single- item questionnaire that assesses a patient’s 
perception of their overall thalassaemia symptom severity 
in the previous 24 hours on an 11- point NRS ranging 
from 0 (no symptoms) to 10 (very severe symptoms). 
The weekly PGI- S score was calculated as the average of 
the daily scores if scores were available for at least 4 days; 
otherwise, it was set to ‘missing’. Average PGI- S scores 
over weeks 13–24 were calculated using data for all non- 
missing weeks.

Patient Global Impression of Change
PGI- C is a single- item questionnaire that assesses a 
patient’s perception of how their symptoms have changed 

over time. In BEYOND, participants responded to the 
question ‘How would you rate the overall change in your 
thalassaemia symptoms since the start of this study?’ by 
selecting one of seven response options ranging from ‘a 
great deal better’ to ‘a great deal worse’.

The 36-Item Short Form Health Survey version 2
SF- 36v2 consists of eight multi- item scales assessing the 
following aspects of health over the previous 7 days: 
physical functioning, role- physical, bodily pain, general 
health, vitality, social functioning, role- emotional and 
mental health. SF- 36v2 data were scored using Health 
Outcomes Scoring Software V.5 (QualityMetric, Lincoln, 
Rhode Island, USA).17 For each multi- item scale, the 
average of all items within the scale was calculated and 
the raw scores were converted to a 0–100 scale. They were 
then transformed to a US norm- based T- score (mean: 50, 
SD: 10), with a higher T- score indicating better health. 
Finally, the Physical Component Summary and Mental 
Component Summary (MCS) were derived as weighted 
averages of the T- scores for the eight multi- item scales.

Functional Assessment of Chronic Illness Therapy–Fatigue
FACIT- F is a 40- item questionnaire assessing fatigue and 
its effects on functioning and daily activities. It consists of 
the 27- item Functional Assessment of Cancer Therapy–
General (FACT- G) questionnaire and the 13- item Fatigue 
Subscale (FS). All items have a 7- day recall period and are 
rated on a 5- point scale ranging from ‘not at all’ to ‘very 
much’.

FACT- G comprises four domains: physical well- being 
(seven items, range: 0–28 points), social/family well- being 
(seven items, range: 0–28 points), emotional well- being 
(six items, range: 0–24 points) and functional well- being 
(seven items, range: 0–28 points). Scores for each FACT- G 
domain and the FS (range: 0–52 points) were derived by 
summing the scores for the individual items (after reverse 
scoring, as applicable).18

Scores for three additional summary scales were 
also calculated: FACT- G total score=sum of scores for 
all FACT- G items (range: 0–108 points); FACIT- F trial 
outcome index=sum of the scores for FACT- G physical 
well- being, FACT- G functional well- being and the FS 
(range: 0–108 points); and FACIT- F total score=sum of 
scores for all FACT- G items and the FS (range: 0–160 
points). For the FACT- G domains, the FS and the addi-
tional summary scales, a higher score indicates less fatigue 
or better HRQoL.

Statistical analyses
All statistical analyses were conducted using SAS V.9.4 
(SAS Institute, Cary, North Carolina, USA). Analyses were 
performed on blinded data collected up to week 24 during 
double- blind treatment (data cut- off: 7 January 2020) 
using the intent- to- treat (ITT) population, defined as all 
randomised participants. Summary statistics were calcu-
lated for demographics, baseline clinical characteristics 
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and PRO scores. For NTDT- PRO scores, floor and ceiling 
effects were also assessed.

Quality of completion of the NTDT- PRO was evalu-
ated by calculating the percentages of participants with 
missing and non- missing weekly scores from among 
participants who were eligible for the assessment. Item–
item and item–domain correlations for the NTDT- PRO 
were assessed by calculating Spearman’s rank correla-
tion coefficients, which were interpreted as <0.3=weak, 
≥0.3–<0.7=moderate, ≥0.7–<0.9=strong and ≥0.9=very 
strong.19

Confirmation of the weekly scoring rule
To evaluate whether modifying the weekly scoring rule 
for the NTDT- PRO would impact the variability of weekly 
item scores, an analysis was conducted at baseline, weeks 
1, 2, 4, 8, 12, 16, 20 and 24, including data only from those 
participants with no missing daily item scores within each 
week. For each participant, a weekly score for each item 
was generated using a bootstrapping approach without 
replacement by randomly selecting a specific number of 
daily scores during the week according to the missing day 
scenario (scores missing for 1, 2, 3, 4, 5 or 6 days). For 
each missing day scenario, each participant’s simulated 
weekly item score was calculated as the mean of randomly 
selected daily scores. The average score across weeks was 
then calculated for each participant. Finally, the mean 
and SD were calculated across participants. To identify 
the point at which substantial changes in the variability of 
weekly item scores occurred, the SD for each missing day 
scenario was compared with the SD when no days were 
missing using the Brown–Forsythe test.20

Reliability
Internal consistency reliability reflects the extent to which 
individual items from a scale consisting of multiple items 
are measuring the same general concept when measured 
at a single time point. In the present context, Cronbach’s 
alpha21 was calculated for weekly NTDT- PRO T/W and 
SoB domain scores with standardisation of variances 
before and after deletion of individual NTDT- PRO weekly 
items for the T/W domain score. Cronbach’s alpha was 
deemed an appropriate measure of internal consistency 
for the NTDT- PRO T/W and SoB as previous explor-
atory factor analyses supported the grouping of the four 
T/W items into one domain and the two SoB items into 
another domain.15 Values ≥0.70 indicated acceptable 
internal consistency.22

Test–retest reliability is a measure of how consistently an 
instrument measures a concept at different time points in 
‘stable’ participants, and was assessed, at the NTDT- PRO 
domain level, by calculating the intraclass correlation 
coefficient (ICC) for weekly domain scores using a two- 
way mixed- effects analysis of variance model with week as 
a fixed effect.23 Stable participants were those with PGI- S 
weekly scores at baseline and week 1 that differed by ≤0.5 
points. An ICC of ≥0.70 indicated acceptable test–retest 
reliability.24

Validity
Convergent validity is demonstrated when different 
measures of the same concept are strongly correlated with 
each other, while discriminant validity can be inferred 
when unrelated concepts are weakly correlated. Conver-
gent validity and discriminant validity were assessed 
via Spearman’s rank correlation coefficients between 
NTDT- PRO domain scores and other scores (PGI- S score, 
and domain and summary scores for the SF- 36v2 and 
FACIT- F) from assessments done at the same time point 
(baseline, week 24 or weeks 13–24). It was hypothesised 
that NTDT- PRO domain scores would be moderately to 
strongly related (Spearman’s rank correlation coefficient: 
≥0.3) to SF- 36v2 physical functioning and vitality, FACIT- F 
physical well- being and FS, and the PGI- S scores, and less 
related (Spearman’s rank correlation coefficient: <0.3) to 
SF- 36v2 bodily pain, role- emotional and MCS scores.

Known- groups validity of the NTDT- PRO domains—
sensitivity to differentiate among groups of partici-
pants known to be clinically different—was assessed by 
comparing least- squares (LS) mean NTDT- PRO scores 
between different subgroups of participants, classified 
based on scores for the PGI- S, the FACIT- F FS, SF- 36v2 
vitality, and selected FACIT- F items and SF- 36v2 items. 
The domains and items were selected for their theo-
rised relationship to the concepts being measured by 
the NTDT- PRO T/W and SoB domains. Classifications 
used to define known groups are shown in online supple-
mental table 2. Classifications for the PGI- S were defined 
based on the assumption of a 2- point meaningful differ-
ence. For the FACIT- F FS, the cut- off used by the instru-
ment developer to differentiate patients with cancer from 
the general population was used to classify participants 
as moderate or mild.25 A clinically important difference 
of 3 points, as suggested by instrument developer, was 
used to define the other categories.26 The SF- 36v2 vitality 
‘normal’ category was defined based on a meaningful 
difference of ±6.7 points from the norm- based mean 
score of 50, with other categories defined by subsequently 
adding or subtracting 6.7 from the upper or lower 
bounds, respectively.17 For item- based known groups, 
each verbal response level was taken as a known group. 
Analysis of covariance (ANCOVA) models were used that 
included NTDT- PRO domain scores at baseline, week 
24 and weeks 13–24 as the dependent variable, and the 
known- groups measure at the corresponding time point 
as the independent variable, and that were adjusted for 
age and geographical region.

Responsiveness
Responsiveness was defined as the sensitivity of the 
NTDT- PRO to changes in a patient’s symptom severity 
over time. Responsiveness was evaluated by first calcu-
lating Spearman’s rank correlation coefficients for 
changes from baseline in NTDT- PRO domain scores at 
week 24 and weeks 13–24 and the changes in haemoglobin 
level (generally considered as a measure of response) 
and scores for FACIT- F FS, SF- 36v2 vitality, the PGI- S, the 
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PGI- C, and selected FACIT- F and SF- 36v2 items. The five 
measures with the strongest correlations at weeks 13–24 
with NTDT- PRO domain score changes were included in 
a subsequent analysis where ANCOVA models were used 
to compare LS mean changes in NTDT- PRO domain 
scores among different response categories. Response 
categories (table 1) were defined based on reported esti-
mates of clinically meaningful within- patient changes for 
FACIT- F FS and SF- 36v2 vitality domain scores or 1- point 
differences for individual items. A 1- point difference was 
also used to define the response categories of the PGI- S. 
The models included NTDT- PRO domain scores change 
as the dependent variable and response categories for the 
given anchor measure as the independent variable, and 
were adjusted for age and geographical region.

RESULTS
Participants
The ITT population comprised 145 participants with a 
mean (SD) age of 39.9 (12.8) years (range: 18–71 years) 
(see online supplemental table 3). Most participants were 
female (56.6%), white (60.0%), and from North America 
or Europe (62.1%). A total of 26.9% of participants had 
a diagnosis of haemoglobin E/beta- thalassaemia, and 
6.2% had a diagnosis of beta- thalassaemia combined with 
alpha- thalassaemia. The mean (SD) haemoglobin level at 
baseline was 82 (12) g/L, and most participants had no 
or only a slight transfusion burden (mean: 0.3 units of red 
blood cells in the 24 weeks before the first dose of study 
drug). Most participants (69.0%) had an ECOG perfor-
mance status of 0, indicating normal functioning.

Quality of completion of the NTDT-PRO
Across all NTDT- PRO items, the percentage of partici-
pants with <4 days of missing NTDT- PRO data (ie, with 
sufficient data to calculate average weekly item scores) 
was 98.6% at baseline and 84.4% at week 24 (see online 
supplemental table 4). Across the first 24 weeks of treat-
ment, at least 87.3% of participants per week had non- 
missing NTDT- PRO T/W and SoB scores (see online 
supplemental figure 1).

PRO score distributions at baseline
Average weekly NTDT- PRO item scores at baseline ranged 
from 2.4 for item 5- SobNA (shortness of breath not doing 
physical activity) to 5.0 for item 2- TiredPA (tiredness 
doing physical activity) (see online supplemental table 
5). Baseline average weekly domain scores were 4.1 for 
T/W and 3.3 for SoB. The weekly average PGI- S score 
at baseline was 3.7, and average scores for the SF- 36v2 
scales and component summaries ranged from 42.2 for 
general health to 51.5 for bodily pain. The average base-
line FACIT- F FS score of 36.4 was worse than that in the 
US general population (43.6).24 Nonetheless, these data 
collectively suggested that participants generally had mild 
to moderate symptoms at study baseline.

Based on skewness and kurtosis values, the distributions 
of weekly T/W and SoB scores at baseline were gener-
ally symmetric but slightly platykurtic, indicating that few 
participants had extreme values. For T/W, 1.4% of partic-
ipants had a score of 0 and 1.4% had a score >9; 7.6% 
of participants had an SoB score of 0 and 0.7% had an 
SoB score >9 (see online supplemental table 5). For each 
week up to week 24, <6% of participants had a T/W score 
of 0, <2% had a T/W score >9, <15% had an SoB score of 
0 and <1% had an SoB score >9. This indicates that there 
was no problematic floor or ceiling effects.

NTDT-PRO item–item and item–domain correlations
Across the three assessment time points/time intervals, 
item 1- TiredNA (tiredness not doing physical activity) 
was very strongly correlated with item 3- WeakNA 
(weakness not doing physical activity) (r=0.97–0.98), 
and item 2- TiredPA was very strongly correlated with 
item 4- WeakPA (weakness doing physical activity) 
(r=0.98–0.99). Item 5- SobNA and item 6- SobPA (short-
ness of breath doing physical activity) were strongly 
correlated with each other (r=0.74–0.81) and moder-
ately to strongly correlated with item 1- TiredNA, item 
2- TiredPA, item 3- WeakNA and item 4- WeakPA (r=0.50–
0.81) (table 2).

At the domain level, T/W and SoB scores were strongly 
correlated with each other (r=0.77–0.79). As antici-
pated, item 1- TiredNA, item 2- TiredPA, item 3- WeakNA 
and item 4- WeakPA correlated more strongly with T/W 
(r=0.88–0.95) than with SoB (r=0.67–0.77), and item 
5- SobNA and item 6- SobPA correlated more strongly with 
SoB (r=0.89–0.97) than with T/W (r=0.64–0.78).

Weekly scoring rule
For all NTDT- PRO items, mean scores varied very little 
between different scenarios where the number of missing 
days ranged from 0 to 6 (see online supplemental table 
6). Moreover, when comparing SD values for the different 
missing day scenarios using the Brown–Forsythe test, 
none of the SDs from the missing days were statistically 
significantly different from the SD when no days were 
missing. The requirement that scores be available for at 
least 4 days for a weekly score to be calculated was there-
fore shown to be reasonable.

Reliability
Internal consistency reliability
Cronbach’s alpha for the NTDT- PRO T/W domain was 
0.94–0.95 across the three assessment time points/time 
intervals (baseline, week 24, weeks 13–24) (see online 
supplemental table 7), indicating acceptable internal 
consistency reliability but suggesting possible item redun-
dancy. However, removing individual items from the T/W 
domain did not increase Cronbach’s alpha, indicating 
that there was no item redundancy. Cronbach’s alpha 
for the NTDT- PRO SoB domain was 0.84–0.89, also indi-
cating acceptable internal consistency reliability.

https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
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Table 1 Responsiveness at weeks 13–24

Spearman’s rank correlation 
coefficient (r)* LS mean change (95% CI) at weeks 13–24†

P value‡Week 24 Weeks 13–24
Improvement 
level 2

Improvement 
level 1 No change Worsening

NTDT- PRO T/W domain

Haemoglobin 
level

–0.38 –0.30 – – – – –

SF- 36v2 vitality –0.49 –0.46 – –1.77
(–2.42, –1.12)

–0.40
(–0.80, 0.00)

0.60
(–0.20, 1.39)

<0.001

SF- 36v2 item 9e 0.28 0.41 – – – – –

SF- 36v2 item 9g –0.41 –0.40 – – – – –

SF- 36v2 item 9i –0.42 –0.43 – – – – –

FACIT- F FS –0.52 –0.56 –2.74
(–3.42, –2.06)

–1.68
(–2.44, –0.93)

–0.22
(–0.57, 0.13)

0.42
(–0.16, 1.01)

<0.001

FACIT- F item HI7 –0.41 –0.40 – – – – –

FACIT- F item 
HI12

–0.58 –0.60 –3.28
(–4.24, –2.32)

–1.69
(–2.44, –0.95)

–0.51
(–0.88, –0.13)

0.48
(–0.08, 1.03)

<0.001

FACIT- F item 
An2

–0.43 –0.45 – –1.84
(–2.46, –1.22)

–0.21
(–0.61, 0.20)

0.00
(–0.68, 0.68)

<0.001

FACIT- F item 
An5

–0.33 –0.31 – – – – –

PGI- S 0.83 0.79 –3.26
(–3.75, –2.77)

–1.80
(–2.35, –1.25)

–0.09
(–0.35, 0.18)

0.99
(0.56, 1.42)

<0.001

PGI- C 0.39 0.28 – – – – –

NTDT- PRO SoB domain

Haemoglobin 
level

–0.36 –0.32 – – – – –

SF- 36v2 vitality –0.40 –0.41 – –1.28
(–1.91, –0.66)

–0.22
(–0.60, 0.16)

0.52
(–0.24, 1.28)

<0.001

SF- 36v2 item 9e 0.30 0.41 – – – – –

SF- 36v2 item 9g –0.38 –0.36 – – – – –

SF- 36v2 item 9i –0.30 –0.34 – – – – –

FACIT- F FS –0.49 –0.51 –2.21
(–2.88, –1.53)

–1.18
(–1.92, –0.43)

–0.01
(–0.36, 0.33)

0.25
(–0.32, 0.83)

<0.001

FACIT- F item HI7 –0.32 –0.29 – – – – –

FACIT- F item 
HI12

–0.45 –0.48 –2.70
(–3.64, –1.76)

–1.08
(–1.81, –0.35)

–0.25
(–0.62, 0.12)

0.33
(–0.22, 0.87)

<0.001

FACIT- F item 
An2

–0.39 –0.43 – –1.38
(–1.97, –0.78)

–0.07
(–0.45, 0.32)

0.09
(–0.56, 0.74)

<0.001

FACIT- F item 
An5

–0.36 –0.31 – – – – –

PGI- S 0.68 0.69 –2.62
(–3.14, –2.09)

–1.17
(–1.77, –0.58)

0.00
(–0.28, 0.28)

1.01
(0.55, 1.47)

<0.001

PGI- C 0.30 0.28 – – – – –

*Changes from baseline.
†Score changes defining response categories (improvement level 2, improvement level 1, no change, worsening): SF- 36v2 vitality: 
N/A, ≥6.7, >–6.7 to <6.7, ≤–6.7; FACIT- F FS: ≥8, 4 to <8, >–4 to <4, ≤–4; FACIT- F item HI12: ≥2, 1 to <2, >–1 to <1, ≤–1; FACIT- F item 
An2: N/A, ≥1, >–1 to <1, ≤–1; PGI- S: ≤–2, >–2 to –1, >–1 to <1, ≥1. For SF- 36v2 vitality and FACIT- F item An2, no improvement level 2 
category was used.
‡F- test comparing T/W and SoB domain scores across response categories (ANCOVA).
ANCOVA, analysis of covariance; FACIT- F, Functional Assessment of Chronic Illness Therapy–Fatigue; FS, Fatigue Subscale; LS, least 
squares; N/A, not applicable; NTDT- PRO, non- transfusion- dependent beta- thalassaemia- patient- reported outcome; PGI- C, Patient 
Global Impression of Change; PGI- S, Patient Global Impression of Severity; SF- 36v2, Short Form Health Survey version 2; SoB, 
shortness of breath; T/W, tiredness/weakness.
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Table 2 NTDT- PRO item–item and item–domain correlations

Spearman’s rank correlation coefficient (r)

Item 1 -
TiredNA

Item 2 -
TiredPA

Item 3 -
WeakNA

Item 4 -
WeakPA

Item 5 -
SobNA

Item 6 -
SobPA

T/W 
domain

SoB 
domain

Baseline (N=145)

  Item 1 - 
TiredNA

– 0.77 0.97 0.75 0.75 0.67 0.93 0.75

  Item 2 - 
TiredPA

0.77 – 0.73 0.98 0.57 0.77 0.94 0.72

  Item 3 - 
WeakNA

0.97 0.73 – 0.74 0.77 0.65 0.91 0.74

  Item 4 - 
WeakPA

0.75 0.98 0.74 – 0.58 0.78 0.94 0.73

  Item 5 - 
SobNA

0.75 0.57 0.77 0.58 – 0.81 0.70 0.93

  Item 6 - 
SobPA

0.67 0.77 0.65 0.78 0.81 – 0.77 0.96

  T/W domain 0.93 0.94 0.91 0.94 0.70 0.77 – 0.78

  SoB domain 0.75 0.72 0.74 0.73 0.93 0.96 0.78 –

Week 24 (N=110)

  Item 1 - 
TiredNA

– 0.73 0.97 0.71 0.76 0.59 0.89 0.69

  Item 2 - 
TiredPA

0.73 – 0.72 0.99 0.54 0.80 0.95 0.75

  Item 3 - 
WeakNA

0.97 0.72 – 0.72 0.80 0.62 0.89 0.73

  Item 4 - 
WeakPA

0.71 0.99 0.72 – 0.56 0.81 0.95 0.77

  Item 5 - 
SobNA

0.76 0.54 0.80 0.56 – 0.75 0.68 0.89

  Item 6 - 
SobPA

0.59 0.80 0.62 0.81 0.75 – 0.78 0.97

  T/W domain 0.89 0.95 0.89 0.95 0.68 0.78 – 0.79

  SoB domain 0.69 0.75 0.73 0.77 0.89 0.97 0.79 –

Weeks 13–24 (N=131)

  Item 1 - 
TiredNA

– 0.71 0.98 0.70 0.73 0.57 0.88 0.67

  Item 2 - 
TiredPA

0.71 – 0.71 0.99 0.50 0.79 0.95 0.74

  Item 3 - 
WeakNA

0.98 0.71 – 0.72 0.77 0.61 0.89 0.72

  Item 4 - 
WeakPA

0.70 0.99 0.72 – 0.52 0.81 0.95 0.76

  Item 5 - 
SobNA

0.73 0.50 0.77 0.52 – 0.74 0.64 0.89

  Item 6 - 
SobPA

0.57 0.79 0.61 0.81 0.74 – 0.76 0.96

  T/W domain 0.88 0.95 0.89 0.95 0.64 0.76 – 0.77

  SoB domain 0.67 0.74 0.72 0.76 0.89 0.96 0.77 –

NTDT- PRO, non- transfusion- dependent beta- thalassaemia- patient- reported outcome; SoB, shortness of breath; SobNA, shortness of 
breath not doing physical activity; SobPA, shortness of breath doing physical activity; TiredNA, tiredness not doing physical activity; TiredPA, 
tiredness doing physical activity; T/W, tiredness/weakness; WeakNA, weakness not doing physical activity; WeakPA, weakness doing physical 
activity.
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Test–retest reliability
In stable participants (those with a difference in PGI- S 
weekly scores of ≤0.5 points between baseline and week 1: 
N=73), ICC was 0.94 for the T/W domain and 0.92 for the 
SoB domain. These values were comfortably above the 
prespecified acceptability threshold of 0.70, indicating 
very good test–retest reliability.

Validity
Convergent and discriminant validity
Hypothesised convergent validity of NTDT- PRO with 
SF- 36v2 physical functioning and vitality, FACIT- F phys-
ical well- being, FACIT- F FS and PGI- S was demonstrated, 
with all correlation coefficients exceeding the prespeci-
fied threshold of 0.3 in the expected direction (negative 
for the SF- 36v2 and FACIT- F domains and positive for the 
PGI- S) (table 3). By contrast, with the exception of the 
weak correlation between SoB and SF- 36v2 bodily pain at 
week 24 (r=–0.29), the hypothesised discriminant validity 

with SF- 36v2 bodily pain, role- emotional and MCS was not 
demonstrated.

Known-groups validity
Known- groups validity was assessed using FACIT- F FS, 
SF- 36v2 vitality, selected FACIT- F and SF- 36v2 items, and 
the PGI- S. The FACIT- F and SF- 36v2 items, respectively, 
measure similar concepts as the FACIT- F FS and SF- 36v2 
vitality but had the advantage of clearly defined rating 
scales that provided clear cut- off values to differentiate 
levels of severity. At weeks 13–24 (table 4), as well as at 
baseline (see online supplemental table 8) and week 24 
(see online supplemental table 2), LS mean T/W and 
SoB scores on the NTDT- PRO were significantly higher 
(worse) in participants with lower (worse) scores for the 
FACIT- F FS, FACIT- F items HI12 (feeling weak all over) 
and An2 (feeling tired), SF- 36v2 vitality, and SF- 36v2 
items 9g (feeling worn out) and 9i (feeling tired), and 
in participants with higher (worse) scores for SF- 36v2 

Table 3 Convergent and discriminant validity

Spearman’s rank correlation coefficient (r)

NTDT- PRO T/W domain NTDT- PRO SoB domain

Baseline Week 24 Weeks 13–24 Baseline Week 24 Weeks 13–24

SF- 36v2*

  Physical functioning –0.50 –0.35 –0.43 –0.50 –0.35 –0.40

  Role- physical –0.65 –0.44 –0.50 –0.60 –0.40 –0.52

  Bodily pain –0.43 –0.34 –0.41 –0.38 –0.29 –0.37

  General health –0.53 –0.29 –0.34 –0.45 –0.37 –0.36

  Vitality –0.73 –0.61 –0.60 –0.61 –0.56 –0.52

  Social functioning –0.56 –0.34 –0.37 –0.55 –0.32 –0.44

  Role- emotional –0.55 –0.36 –0.43 –0.54 –0.31 –0.47

  Mental health –0.53 –0.38 –0.44 –0.50 –0.37 –0.43

  PCS –0.60 –0.35 –0.44 –0.54 –0.36 –0.43

  MCS –0.62 –0.46 –0.48 –0.58 –0.41 –0.47

FACIT- F†

  Physical well- being –0.69 –0.55 –0.60 –0.60 –0.47 –0.51

  Social/family well- being –0.33 –0.27 –0.23 –0.30 –0.28 –0.22

  Emotional well- being –0.54 –0.35 –0.39 –0.50 –0.40 –0.41

  Functional well- being –0.62 –0.38 –0.42 –0.60 –0.44 –0.39

  FACT- G total score –0.66 –0.46 –0.49 –0.61 –0.47 –0.46

  FACIT- F FS –0.76 –0.58 –0.65 –0.66 –0.55 –0.52

  FACIT- F TOI –0.78 –0.55 –0.64 –0.69 –0.54 –0.54

  FACIT- F total score –0.74 –0.53 –0.58 –0.67 –0.52 –0.51

PGI- S‡ 0.86 0.83 0.80 0.72 0.67 0.65

*n=141 at baseline, n=96 at week 24, n=125 at weeks 13–24.
†n=144 at baseline, n=96 at week 24, n=126 at weeks 13–24.
‡n=145 at baseline, n=110 at week 24, n=131 at weeks 13–24.
FACIT- F, Functional Assessment of Chronic Illness Therapy–Fatigue; FACT- G, Functional Assessment of Cancer Therapy–General; FS, Fatigue 
Subscale; MCS, Mental Component Summary; NTDT- PRO, non- transfusion- dependent beta- thalassaemia- patient- reported outcome; PCS, 
Physical Component Summary; PGI- S, Patient Global Impression of Severity; SF- 36v2, Short Form Health Survey version 2; SoB, shortness 
of breath; TOI, trial outcome index; T/W, tiredness/weakness.

https://dx.doi.org/10.1136/bmjopen-2022-066683
https://dx.doi.org/10.1136/bmjopen-2022-066683
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Table 4 Known- groups validity at weeks 13–24

n

NTDT- PRO T/W domain NTDT- PRO SoB domain

LS mean 95% CI P value* LS mean 95% CI P value*

FACIT- F FS       <0.001     <0.001

  Very severe (≤37) 43 4.39 3.90, 4.88   3.90 3.35, 4.45   

  Severe (>37–40) 16 2.91 2.10, 3.73   1.77 0.86, 2.68   

  Moderate (>40–43) 19 2.81 2.06, 3.55   2.61 1.77, 3.45   

  Mild (>43–46) 17 1.86 1.05, 2.67   1.92 1.01, 2.83   

  Very mild/no 
symptoms (>46)

31 1.17 0.57, 1.78   0.87 0.19, 1.55   

FACIT- F item HI12†       <0.001     <0.001

  Very much (0) 5 5.50 4.08, 6.92   3.23 1.60, 4.87   

  Quite a bit (1) 16 4.81 4.01, 5.60   4.26 3.34, 5.17   

  Somewhat (2) 25 3.70 3.08, 4.33   3.51 2.79, 4.23   

  A little bit (3) 53 2.57 2.08, 3.07   2.12 1.55, 2.68   

  Not at all (4) 27 1.13 0.48, 1.79   0.84 0.09, 1.59   

FACIT- F item An2†       <0.001     <0.001

  Very much (0) 8 5.33 4.10, 6.56   3.44 2.07, 4.81   

  Quite a bit (1) 12 4.80 3.81, 5.80   4.18 3.08, 5.29   

  Somewhat (2) 25 3.38 2.70, 4.07   3.55 2.78, 4.31   

  A little bit (3) 64 2.44 1.94, 2.94   1.93 1.37, 2.48   

  Not at all (4) 17 1.52 0.66, 2.38   1.20 0.25, 2.16   

SF- 36v2 vitality       <0.001     <0.001

  Very poor (≤36.6) 20 5.35 4.45, 6.26   4.54 3.54, 5.55   

  Poor (>36.6–43.3) 19 4.51 3.54, 5.48   3.83 2.76, 4.89   

  Normal (>43.3–56.7) 64 3.05 2.55, 3.55   2.82 2.27, 3.37   

  Better (>56.7–63.4) 25 1.86 1.29, 2.44   1.34 0.70, 1.98   

  Much better (>63.4) 13 2.45 1.17, 3.73   2.14 0.72, 3.55   

SF- 36v2 item 9e‡       <0.001     <0.001

  All of the time (1) 8 2.50 1.29, 3.71   1.69 0.32, 3.06   

  Most of the time (2) 44 1.82 1.27, 2.36   1.69 1.07, 2.31   

  Some of the time (3) 45 3.18 2.66, 3.70   2.65 2.06, 3.24   

  A little of the time 
(4)

22 4.62 3.87, 5.37   4.43 3.58, 5.28   

  None of the time (5) 6 5.64 4.28, 7.01   3.69 2.13, 5.24   

SF- 36v2 item 9g‡       <0.001     <0.001

  All of the time (1) 4 5.92 4.30, 7.54   4.37 2.56, 6.19   

  Most of the time (2) 11 5.30 4.31, 6.29   4.43 3.32, 5.53   

  Some of the time (3) 34 3.49 2.93, 4.06   3.17 2.54, 3.80   

  A little of the time (4) 49 2.67 2.16, 3.19   2.45 1.87, 3.03   

  None of the time (5) 27 1.43 0.77, 2.09   0.83 0.09, 1.56   

SF- 36v2 item 9i‡       <0.001     <0.001

  All of the time (1) 7 5.37 4.01, 6.73   4.01 2.51, 5.51   

  Most of the time (2) 25 4.32 3.60, 5.05   3.88 3.08, 4.68   

  Some of the time (3) 38 2.88 2.29, 3.47   2.55 1.90, 3.20   

  A little of the time (4) 49 2.17 1.62, 2.73   1.72 1.11, 2.34   

  None of the time (5) 6 2.21 0.76, 3.67   2.14 0.53, 3.74   

Continued
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item 9e (having a lot of energy) and the PGI- S. Known- 
groups validity of the T/W and SoB domains was there-
fore demonstrated.

Responsiveness
Considering changes from baseline to week 24 and weeks 
13–24, NTDT- PRO T/W and SoB domain scores were 
moderately correlated with changes in haemoglobin level 
(–0.30 to –0.38) and weakly to moderately correlated 
with the PGI- C (0.28 to 0.39) (table 1). The strongest 
correlations for the T/W and SoB domain score changes 
were with changes on SF- 36v2 vitality (–0.40 to –0.49), 
the FACIT- F FS (–0.49 to –0.56), FACIT- F items HI12 
(feeling weak all over, –0.45 to –0.60) and An2 (feeling 
tired, –0.39 to –0.45), and the PGI- S (0. 68 to 0.83). In 
a responsiveness analysis using these five measures as 
anchors, decreases (improvements) in LS mean T/W and 
SoB scores were significantly higher in participants with 
greater improvements in scores on the anchors. The T/W 
and SoB domains were therefore shown to be responsive 
to changes in symptom severity (table 1).

DISCUSSION
Broadly, the NTDT- PRO demonstrated sufficient psycho-
metric performance to defend its use as a measure of 
treatment outcome in clinical research among patients 
with NTDT. Distributional properties were good, as 
illustrated by the lack of floor and ceiling effects. High 
ICC values in patients assessed as stable based on PGI- S 
scores at baseline and week 1 indicated good test–retest 
reliability, while similarly high Cronbach’s alpha coef-
ficients at baseline, week 24 and weeks 13–24 indicated 
good internal consistency reliability. Correlation anal-
yses confirmed the hypothesised direction and strength 
of relationship of both NTDT- PRO domains with other 
PRO measures, although the hypothesised discriminant 
validity with SF- 36v2 bodily pain, role- emotional and MCS 
was not demonstrated. However, as weakness, tiredness 

and shortness of breath are broad concepts, it was not 
wholly surprising that NTDT- PRO T/W and SoB domain 
scores were correlated with these SF- 36v2 scores. Finally, 
known- groups validity and responsiveness were demon-
strated based on the PGI- S and selected FACIT- F and 
SF- 36v2 items.

These findings build on an earlier preliminary psycho-
metric analysis using data from 48 adults with NTDT who 
participated in a multicentre observational study, which 
demonstrated that the NTDT- PRO had high internal 
consistency reliability and test–retest reliability.15 That 
earlier study was unable to adequately evaluate sensi-
tivity to change, however, due to its non- interventional 
study design. This resulted in very few participants expe-
riencing improvement in symptoms, as assessed by the 
PGI- C. In the present analysis, using data from the first 
24 weeks of treatment in the BEYOND trial, the rela-
tionship among changes in NTDT- PRO scores relative to 
changes observed in multiple other measures of similar 
and distinct concepts at week 24 and weeks 13–24 was as 
we hypothesised, and is supportive of the tool’s ability to 
detect change.

Although the NTDT- PRO T/W and SoB domains were 
shown to be responsive to changes over time on all the 
anchors examined in the responsiveness analysis, PGI- C 
scores had the weakest correlation (0.28) with change in 
T/W domain score at weeks 13–24 among the included 
anchors. The weaker correlation between the NTDT- PRO 
domain score changes and the PGI- C as compared with 
other potential anchors may be due to an issue with 
recall: it may have been difficult for patients to rate how 
much their overall thalassaemia symptoms—which can be 
many—had changed in the 24 weeks since the beginning 
of the study.27 28

Limitations of the present study include the modest 
sample size for typical psychometric evaluations, although 
it was adequate for assessment of the trial endpoints. 
NTDT is a rare disease, which makes recruitment 

n

NTDT- PRO T/W domain NTDT- PRO SoB domain

LS mean 95% CI P value* LS mean 95% CI P value*

PGI- S       <0.001     <0.001

  0–2 (no symptoms) 45 1.37 0.94, 1.79   1.10 0.57, 1.62   

  >2–4 (mild) 36 2.93 2.47, 3.40   2.68 2.10, 3.26   

  >4–6 (moderate) 34 4.48 3.99, 4.98   3.95 3.32, 4.57   

  >6–8 (severe) 11 4.94 4.16, 5.73   4.18 3.20, 5.17   

  >8 (very severe) 5 6.82 5.65, 7.98   5.91 4.45, 7.38   

*F- test comparing T/W and SoB domain scores across subgroups (ANCOVA).
†‘Please select one answer (…) to indicate your response as it applies to the past 7 days’: item HI12, ‘I feel weak all over’; item An2, ‘I feel 
tired’.
‡‘How much of the time during the past week did you…’: item 9e, ‘…have a lot of energy?’; item 9g, ‘…feel worn out?’; item 9i, ‘…feel tired?’
ANCOVA, analysis of covariance; FACIT- F, Functional Assessment of Chronic Illness Therapy–Fatigue; FS, Fatigue Subscale; LS, least 
squares; NTDT- PRO, non- transfusion- dependent beta- thalassaemia- patient- reported outcome; PGI- S, Patient Global Impression of Severity; 
SF- 36v2, Short Form Health Survey version 2; SoB, shortness of breath; T/W, tiredness/weakness.

Table 4 Continued
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challenging. Moreover, cut- off values defining different 
levels of improvement are not yet well established for 
some of the anchors included in the responsiveness 
analysis (PGI- S, FACIT- F FS and SF- 36v2 vitality), so the 
cut- off values used in the responsiveness analysis were 
necessarily based on certain assumptions. However, given 
that score changes for these PRO measures were moder-
ately to strongly correlated with score changes for the 
NTDT- PRO domains, modifying the cut- off values used 
to define different levels of improvement would likely 
yield very similar findings. Strengths of this study include 
use of well- validated PRO instruments, including the 
SF- 36v2 and FACIT- F. Additionally, data for this analysis 
were from a phase 2 interventional study with partici-
pants from multiple geographical regions and spanning 
a range of NTDT symptom severities based on baseline 
T/W and SoB domain scores. This confirms the validity of 
the NTDT- PRO over a broad population. The use of data 
from an interventional study also allowed for changes in 
symptom severity to be observed, validating the sensitivity 
of the NTDT- PRO to changes in symptoms.

In conclusion, the NTDT- PRO demonstrated adequate 
reliability, validity and responsiveness when used to assess 
T/W and SoB in patients with NTDT. As a fully validated 
PRO instrument, it can be used to confidently assess 
the efficacy of treatments targeting anaemia in clinical 
studies for NTDT. The instrument was developed for 
research purposes and to inform trial endpoints, but its 
practical use in the clinical setting warrants further evalu-
ation. Future analyses will focus on the NTDT- PRO score 
interpretability by identifying meaningful change thresh-
olds and symptomatic thresholds for the T/W and SoB 
domains.
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