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Purpose: The hemophilia-specific health-related quality of life (HRQOL) questionnaire (Haemo-QOL-A) is validated for detecting 
QOL changes following standard therapy for hemophilia A, but has not been rigorously evaluated after gene therapy. This post hoc 
analysis evaluated the psychometric properties of Haemo-QOL-A in adult people with severe hemophilia A (PWSHA) receiving 
valoctocogene roxaparvovec (AAV5-hFVIII-SQ) in 2 clinical trials (phase 1/2, NCT02576795; phase 3, NCT03370913).
Patients and Methods: Adult PWSHA (factor VIII levels ≤1 IU/dL) received 1 AAV5-hFVIII-SQ infusion (6×1013 vg/kg). 
Participants were assessed using the Haemo-QOL-A and the EuroQOL (EQ)-5D-5L and visual analog scale (VAS) questionnaires 
pre- and post-infusion. Psychometric analyses included convergent and discriminant validity, internal consistency, and reliability. 
Clinically important difference (CID) was estimated using 3-point change in EQ-5D-5L VAS as anchor.
Results: Haemo-QOL-A data were analyzed from 7 (phase 1/2, 3-year follow-up) and 16 participants (phase 3, 26-week analysis). 
Change in Haemo-QOL-A Total Scores correlated with EQ-5D-5L VAS score change at 26 weeks (Pearson’s correlation 0.77). At 26 
weeks, increased Haemo-QOL-A Physical Functioning was associated with decreased EQ-5D-5L Pain and Discomfort and decreased 
Anxiety and Depression (Spearman’s Rank correlations −0.73 and −0.62, respectively, P <0.01). Internal consistency analysis showed 
good reliability for all domains (Cronbach’s alpha >0.7) except Treatment Concern (Cronbach’s alpha = 0.31). Anchor-based CID 
estimates were met for Haemo-QOL-A Total Score (≥5.5) and domain scores (≥6) for Consequences of Bleeding, Physical 
Functioning, Role Functioning, and Worry.
Conclusion: Our preliminary results suggest that the Haemo-QOL-A is a valid, reliable instrument for HRQOL assessment in 
PWSHA undergoing gene therapy. Future research should be undertaken to confirm these findings in a larger number of participants.
Keywords: severe hemophilia A, gene therapy, quality of life, Haemo-QOL-A, psychometric testing, clinically important difference

Plain Language Summary
Hemophilia is a bleeding disorder where blood does not clot normally because of a genetic mutation that causes missing or defective 
clotting protein. People with severe hemophilia have painful spontaneous bleeding in their joints, which can lead to chronic pain and 
disability. Gene therapy, which introduces the instructions to make the missing/defective clotting protein and prevent spontaneous 
bleeding, is being investigated as a potential treatment for severe hemophilia. Gene therapy for severe hemophilia A is a new treatment 
that is much different from standard, intensive hemophilia treatments. The Haemo-QOL-A questionnaire is used to evaluate health- 
related quality of life in people with hemophilia on standard treatments. In this manuscript, we determine whether the Haemo-QOL-A 
questionnaire can be used to evaluate change in quality of life for people with severe hemophilia A after receiving gene therapy. Using 
data from previous clinical trials of the gene therapy valoctocogene roxaparvovec (AAV5-hFVIII-SQ), we show that the Haemo-QOL 
-A did measure a change in quality of life after gene therapy. We also estimate how much change in Haemo-QOL-A scores from 
before to after gene therapy represents a clinically meaningful improvement in quality of life. This threshold can be used in future 
research evaluating the effects of gene therapy on quality of life for people with hemophilia. While the results of this study are 
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important, only 23 people were included in the analysis. To confirm our results, future analyses with larger numbers of participants are 
needed.

Introduction
Hemophilia is a genetic bleeding disorder caused by deficiency or inactivity of factor VIII (FVIII; hemophilia A) or 
factor IX (hemophilia B) protein. Hemophilia A accounts for approximately 80% of hemophilia cases worldwide.1 

Severe hemophilia A (FVIII <1 IU/dL) is characterized by recurrent and spontaneous musculoskeletal bleeding episodes, 
resulting in joint damage, mobility issues, and early mortality.1 People with severe hemophilia A (PWSHA) experience 
significant health-related quality of life (HRQOL) impairment, including negative effects on emotional and cognitive 
health, joint pain, poor functioning in school, and difficulties securing and maintaining employment.2–7

Treatment options for hemophilia A are rapidly evolving. Standard of care for PWSHA is prophylactic factor 
replacement therapy using exogenous FVIII or bypassing agents such as emicizumab-kxwh.1,8 Factor replacement 
therapy must be administered frequently through intravenous infusions (1–4 infusions/week), resulting in substantial 
treatment burden and potential risk of breakthrough bleeding following poor treatment adherence.9 Despite prophy
lactic treatment, most PWSHA still require on-demand treatment with FVIII or emicizumab to treat bleeding 
episodes.10

Gene therapies using recombinant adeno-associated viral (AAV) vectors carrying human FVIII gene may offer 
a novel approach to hemophilia A treatment.11–13 In phase 1/2 and phase 3 studies, a 6×1013 vg/kg infusion of 
valoctocogene roxaparvovec, an investigational gene therapy utilizing a codon-optimized AAV serotype 5 vector 
encoding a B-domain–deleted human FVIII (AAV5-hFVIII-SQ), resulted in clinically relevant reductions in annualized 
treated bleed rate and exogenous FVIII replacement up to 5 and 1 years of follow-up, respectively.11,12,14,15 If long-term 
efficacy of viral vector gene transfer is established, it could represent a paradigm shift in hemophilia A treatment.

The general health questionnaire EuroQOL-5D-5L (EQ-5D-5L) is used to evaluate overall HRQOL.16 However, 
people with hemophilia completing the EQ-5D-5L reported higher health states than the general population, indicating 
the presence of a disability paradox in PWSHA.17 Thus, HRQOL assessment with the EQ-5D-5L scores may not 
accurately reflect the hemophilia-related burden they experience.18 To address the need for a reliable HRQOL assess
ment, the hemophilia-specific HRQOL questionnaire for adults (Haemo-QOL-A) was developed.19 It consistently per
forms well among adults relative to other hemophilia-specific questionnaires, demonstrating robust validity in people 
undergoing standard treatment regimens.20–23

Gene therapy is a novel, potentially one-time intervention. To date, HRQOL has been evaluated only in a small 
number of PWSHA receiving gene therapy.14 It is unclear how gene therapy will incrementally benefit the HRQOL for 
PWSHA compared with standard of care or whether the Haemo-QOL-A will be an appropriate measure to detect 
HRQOL changes after gene therapy.24 Thus, in addition to estimating Haemo-QOL-A clinically important differences 
(CID) specifically for gene therapy recipients, this post hoc analysis of phase 1/2 and phase 3 clinical trial data aimed to 
evaluate the content validity, construct validity, and reliability of the Haemo-QOL-A for measuring HRQOL in adult 
PWSHA treated with gene therapy.

Materials and Methods
Study Design and Treatments
A post hoc psychometric analysis to determine the content validity, construct validity and reliability of the Haemo-QOL 
-A was conducted using data from a phase 1/2 open-label dose-escalation study (Clinicaltrials.gov, NCT02576795; 
EudraCT, 2014-003880-38)12 and phase 3 open-label, single-arm study (NCT03370913, EudraCT, 2017-003215-19) to 
evaluate the efficacy and safety of valoctocogene roxaparvovec in adult PWSHA.15 Full study design details have been 
published previously.11,12,14,15 All protocols were reviewed and approved by local institutional review boards or ethics 
panels and conducted according to the Declaration of Helsinki; all participants provided informed consent.

All participants were male and ≥18 years old with severe hemophilia A (FVIII levels ≤1 IU/dL). The phase 1/2 dose- 
escalation study included participants on FVIII prophylaxis or on-demand therapy who had ≥12 bleeding episodes within 
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12 months prior to enrollment; participants received an infusion of AAV5-hFVIII-SQ at 6×1012 vg/kg, 2×1013 vg/kg, 
4×1013 vg/kg, or 6×1013 vg/kg. The ongoing phase 3 study included participants from 48 sites worldwide who were on 
prophylactic FVIII replacement therapy for ≥12 months prior to enrollment; all participants received an infusion of 
6×1013 vg/kg AAV5-hFVIII-SQ.

Analysis Populations
Data from up to 3 years of follow-up for participants in the phase 1/2 study who received 6×1013 vg/kg dose of AAV5- 
hFVIII-SQ were used. The phase 3 study intention-to-treat (ITT) population was defined as all enrolled and treated 
participants, and the modified ITT (mITT) population was defined as all treated participants who were human immuno
deficiency virus (HIV)-negative and who completed the week 26 visit. Data up to 26 weeks from both populations were 
used in these analyses.

Assessments
Patient HRQOL was assessed using the Haemo-QOL-A questionnaire in both study populations, administered at baseline 
and at weeks 1, 2, 3, 4, 16, 28, 52, 78, 104, 130, and 156 in the phase 1/2 study population and at baseline and weeks 4, 
12, and 26 in the phase 3 study population. The EQ-5D-5L was administered in the phase 3 study at baseline and weeks 
4, 12, and 26.

Haemo-QOL-A
The 41 items on Haemo-QOL-A include the domains of Consequences of Bleeding (7 items), Emotional Impact (6 
items), Physical Functioning (9 items), Role Functioning (11 items), Treatment Concern (3 items), and Worry (5 items). 
Items were scored on a 6-point Likert-type scale with higher scores indicating better HRQOL or less impairment. 
Subscale scores for each disease domain range from 0 to 5 and the Total Score ranges from 0 to 30. Both domain and 
total raw scores are transformed to a 0 to 100 scale using the formula:

Transformed score ¼
Actual raw total score

Possible raws core range
� 100 

Domain scores were imputed using mean domain scores if <50% of items were missing. Total Score was not calculated, 
and no imputations were performed if >50% of items were missing. Change in scores at specific time points were 
calculated using the formula:

Score change ¼ Week of interest � Baseline score 

EQ-5D-5L
EQ-5D-5L was used to assess general health status for the 5 domains of Mobility, Self-care, Usual Activities, Anxiety 
and Depression, and Pain and Discomfort. Items on EQ-5D-5L were scored on a scale of 1 to 5 with higher scores 
representing increased impairment. The EQ-5D-5L vertical visual analog scale (VAS) of current health status scores were 
assessed on a scale ranging from 0 to 100, with higher scores indicative of better HRQOL.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 25 (IBM Corporation, Armonk, NY). Data normality was 
assessed graphically using frequency distribution histograms and statistically using skewness, kurtosis, and standard 
error. Categorical variables were described using frequencies and percentages. Continuous variables with normal 
distribution were assessed using descriptive statistics of mean ± standard deviation (SD) or range. Variables with non- 
normal distribution were assessed using mean ± SD and median (interquartile range [IQR]). Significance was assessed at 
α <0.05 (2-tailed) with 95% confidence intervals (CIs).
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Item Facility
Item facility, which assesses the possible presence of floor or ceiling effects, was calculated using data from the phase 1/2 
study and the phase 3 ITT study populations. An item was considered to have floor or ceiling effects and poor item 
facility if >50% of reported responses for items were either the minimum/maximum option.25

Validity
Convergent validity, which assesses the degree of correlation with existing measures for a condition, was measured by 
correlating Haemo-QOL-A scores with EQ-5D-5L scores in participants treated in the phase 3 mITT study population. 
Spearman’s Rank correlation coefficients were calculated between Haemo-QOL-A Total and domain scores vs EQ-5D-5L 
domain scores at baseline and week 26. Spearman’s Rank correlation coefficients were calculated to assess the relation
ship between Haemo-QOL-A Total and domain score change and score change vs EQ-5D-5L domain score changes from 
baseline to week 26 in the phase 3 study. Pearson’s Rank correlation coefficient was calculated between Haemo-QOL-A 
Total and domain score changes vs EQ-5D-5L VAS score changes. Regression analyses were also conducted to evaluate 
the relationship between the 2 instruments when assessing Haemo-QOL-A vs EQ-5D-5L score change from baseline to 
week 26 (“change on change”).

Discriminant validity is the ability of a scale to distinguish between different patient subgroups and was assessed by 
comparing groups of participants from the phase 3 mITT study population based on baseline EQ-5D-5L VAS scores. 
Independent sample t-tests were used to compare participants with baseline EQ-5D-5L VAS scores >87.15 vs <87.15 (the 
UK population norm for males aged 25–35).26 Data from baseline and week 26 were pooled in order to compare mean 
Haemo-QOL-A Total and domain scores for participants with baseline EQ-5D-5L VAS scores >87.15 vs those with 
baseline EQ-5D-5L VAS scores <87.15.

Item Discrimination and Internal Consistency
Item discrimination and internal consistency, which assess the ability of an item to discriminate against others on its 
subscale, were calculated using data from the phase 1/2 study population and the phase 3 ITT study population. Item 
discrimination was predicted using Spearman’s Rank correlation coefficient between individual item scores and Total 
Score. Cronbach’s alpha and squared multiple correlation were used to calculate internal consistency. Items with 
Cronbach’s alpha >0.7 were considered to have properties of internal consistency.

Determination of Clinically Important Difference
Distribution-Based Methods
For QOL evaluation in chronic disease, half SD of baseline mean is used to determine a distribution-based estimate of the 
CID threshold.27 We estimated the CID via distribution methods; the half SD rule (of baseline) was applied for Haemo- 
QOL-A Total and domain scores.

Anchor-Based Methods
Given the small sample size and large range of changes in EQ-5D-5L VAS score (ie, −25 to +25), different anchor 
methods were sequentially deployed to provide the most accurate CID estimate. Data from the phase 1/2 study 
population were not used since the EQ-5D-5L was not administered to study participants. The mean difference in 
Haemo-QOL-A Total Score change from baseline to week 26 was calculated between the following categories of 
participants based on their EQ-5D-5L VAS score change from baseline to week 26 in the phase 3 mITT study population:

a. Participants with VAS score change ≥+3.
b. Participants with a VAS score change between +3 and −3.
c. Participants with VAS score change ≤−3.
Next, results from regression analyses were extrapolated to predict change in Haemo-QOL-A Total Score (dependent 

variable) vs an EQ-5D-5L VAS score increase of 3. Then, the mean difference in Haemo-QOL-A Total and domain score 
changes from baseline to week 26 were calculated between categories of participants based on their EQ-5D-5L VAS 
score change from baseline to week 26 shown in Table 1. Between those categories, the relative magnitude of EQ-5D- 
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5L VAS score change was mapped against relative magnitude of Haemo-QOL-A score change to derive the mean change 
in Haemo-QOL-A score vs EQ-5D-5L VAS score change of 1 and 3, respectively.

Results
Haemo-QOL-A data were analyzed from 7 participants in the phase 1/2 study through 156 weeks and 16 participants in 
the phase 3 study through 26 weeks (mITT = 16). Mean (SD) age was 30.4 (5.8) years and 29.7 (6.2) years for 
participants in the phase 1/2 and 3 trials, respectively.11,12,15

Haemo-QOL-A Score Changes with Treatment
Baseline Haemo-QOL-A scores were similar in the phase 1/2 and phase 3 studies (Table 2). In the phase 3 mITT study 
population, both EQ-5D-5L VAS and Haemo-QOL-A Total Scores at week 26 were higher than at baseline, suggesting an 
improvement in HRQOL of participants following AAV5-hFVIII-SQ infusion (Table 3; Supplemental Figure 1).

Psychometric Validation of the Haemo-QOL-A
Item Facility
Items where >50% of responses were reported as the minimum/maximum response were considered to have poor items 
facility (ie, floor or ceiling effects). Out of 41 items, 13 had ceiling effects (Supplemental Table 1). The domains with the 
highest percentage of items with ceiling effects were Treatment Concern (2/3 items) and Emotional Impact (3/6 items). 
No floor effects were observed.

Table 1 EQ-5D-5L VAS Score Change 
Categories Used in Anchor-Based Estimation 
of Clinically Important Difference

Category VAS Score Change

1 –25

2 –20
3 –10

4 –5

5 +10
6 +20

Abbreviations: EQ-5D-5L, EuroQOL-5D-5L; VAS, visual 
analog scale.

Table 2 Mean Change from Baseline in Haemo-QOL-A Total and Domain Scores in the Phase 1/2 and 3 Studies

Change From Baseline, Phase 1/2 Change From Baseline, 
Phase 3

Baseline 
Absolutea

Week 28a Week 52a Week 104 Week 156 Baseline 
Absoluteb

Week 26

Haemo-QOL-A 

Total Score

71.9 ± 16.6 12.9 ± 13.7 9.6 ± 12.7 19.1 ± 10.6c 11.9 ± 11.8d 77.2 ± 11.1 5.7 ± 12.3e

Consequences of 

Bleeding

77.1 ± 17.2 11.4 ± 20.1 10.2 ± 18.7 25.7 ± 12.8c 10.0 ± 16.2d 78.8 ± 16.1 8.5 ± 10.0b

Physical 
Functioning

56.5 ± 20.8 18.4 ± 12.5 7.0 ± 15.9 28.5 ± 15.1d 17.8 ± 20.2d 63.8 ± 14.7 7.4 ± 18.3b

Role Functioning 69.9 ± 22.5 19.2 ± 18.3 14.8 ± 17.3 22.7 ± 17.5d 13.3 ± 15.0d 75.6 ± 14.9 6.9 ± 16.4e

Worry 72.0 ± 22.5 16.0 ± 14.6 6.9 ± 14.2 18.2 ± 10.9d 12.7 ± 10.6a 80.3 ± 18.7 6.9 ± 15.0e

Notes: Data are presented as mean ± standard deviation. Phase 3 results are from the modified intent-to-treat population. an = 7. bn = 16. cn = 5. dn = 5. en = 15. 
Abbreviation: Haemo-QOL-A, hemophilia-specific health-related quality of life questionnaire for adults.
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Convergent Validity
Our results indicate good convergent validity between the Haemo-QOL-A and EQ-5D-5L. Overall, Haemo-QOL-A Total 
and domain scores were inversely correlated with EQ-5D domain scores demonstrating that as degree of impairment in 
Mobility, Self-care, Usual Activities, Anxiety and Depression, and Pain and Discomfort decrease (demonstrating 
improvement), Haemo-QOL-A scores increase (demonstrating improvement), and vice versa.

The strongest correlations were seen when comparing week 26 and “change vs change” scores. In both cases, 
the Pain and Discomfort domain of the EQ-5D-5L was strongly and significantly correlated with the Haemo-QOL 
-A. At week 26, the strongest correlations were seen between Role Functioning and Pain and Discomfort (−0.87, 
P <0.01), Emotional Impact and Pain and Discomfort (–0.85, P <0.01), Physical Functioning and Pain and 
Discomfort (–0.79, P <0.01), and Total Score and Pain and Discomfort (–0.87, P <0.01) (Supplemental 
Table 2). When comparing change in Haemo-QOL-A to EQ-5D-5L scores, the strongest correlations were seen 
between Emotional Impact and Anxiety and Depression (−0.88, P <0.01), Emotional Impact and Pain and 
Discomfort (–0.7, P <0.01), Physical Functioning and Pain and Discomfort (–0.73, P <0.01), Total Score and 
Anxiety and Depression (−0.82, P <0.01), and Total and VAS scores (0.77, P <0.01), implying that improvement 
in Physical Functioning and Emotional Impact are being driven by a decrease in pain (Table 4). At baseline, the 

Table 3 Mean Transformed Haemo-QOL-A Total Score and EQ-5D-5L VAS Scores at Baseline and 
Week 26 by EQ-5D-5L VAS Score Change Subgroups

Baseline  
Mean ± SD

Week 26  
Mean ± SD

Mean 
Change

All participants VAS 75.5 ± 14.2a 77.4 ± 14.2a 1.9
Haemo-QOL-A 77.2 ± 11.1a 83.6 ± 11.5b 5.7

VAS score change ≥+3 VAS 65.7 ± 13.7c 79.3 ± 13.4c 13.6
Haemo-QOL-A 72.5 ± 12.9c 88.8 ± 12.5d 16.3

VAS score change between +3 and −3e VAS 89.5 ± 6.7 89.8 ± 6.9 0.3
Haemo-QOL-A 82.8 ± 4.1 84.6 ± 8.1 1.8

VAS score change ≤–3f VAS 78.0 ± 8.4 65.0 ± 10.0 –13.0

Haemo-QOL-A 79.3 ± 11.2 76.4 ± 10.6 –2.8

Notes: Data are presented from the modified intent-to-treat population, phase 3 study. an = 16. bn = 15. cn = 7. dn = 6. en = 4, 
baseline; n = 4, week 26. fn = 5, baseline; n = 5, week 26. 
Abbreviations: EQ-5D-5L, EuroQOL-5D-5L; Haemo-QOL-A, hemophilia-specific health-related quality of life questionnaire for 
adults; SD, standard deviation; VAS, visual analog scale.

Table 4 Correlations Between Change from Baseline to Week 26 in Haemo-QOL-A Transformed Scores 
and Corresponding Change in EQ-5D-5L Scores, Modified Intent-to-Treat Population, Phase 3 Study

Haemo-QOL-A 
Domains

EQ-5D-5L

Mobilitya Self-Carea Usual 
Activitiesa

Anxiety and 
Depressiona

Pain and 
Discomforta

VASb

Consequences of Bleedingc 0.15 0.09 −0.06 −0.50 −0.46 0.45

Emotional Impactd −0.43 −0.27 −0.52* −0.88** −0.70** 0.77**
Physical Functioningc −0.44 −0.16 −0.66** −0.62** −0.73** 0.38

Role Functioningd −0.22 −0.07 −0.31 −0.64* −0.48 0.73**

Treatment Concernd −0.49 0.32 −0.52* −0.64* −0.55* 0.68**
Worryd −0.05 0.37 −0.28 −0.59* −0.34 0.58*

Total Scored −0.35 0.09 −0.49 −0.82** −0.68** 0.77**

Notes: aSpearman’s rank correlation. bPearson correlation. cn = 16. dn = 15. *Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2-tailed). 
Abbreviations: EQ-5D-5L, EuroQOL-5D-5L; Haemo-QOL-A, hemophilia-specific health-related quality of life questionnaire for adults; 
VAS, visual analog scale.
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strongest correlations were between Physical Functioning domain of the Haemo-QOL-A and the Usual Activities 
(–0.75, P <0.01) and Pain and Discomfort (–0.64, P <0.01) domains of EQ-5D-5L (Supplemental Table 3). 
Regression analyses showed a linear correlation between change in Haemo-QOL-A Total Scores and EQ-5D-5L 
VAS scores (Figure 1), with a predicted change of 0.63 in Haemo-QOL-A Total Score for every EQ-5D-5L VAS 
score change of 1 (R2 = 0.5, adjusted R2 = 0.46).

Discriminant Validity
There was a substantial difference between mean Haemo-QOL-A scores reported by participants with an EQ-5D-5L 
VAS score change of magnitude <3 vs those with an EQ-5D-5L score change of magnitude ≥3 (Table 3). Good 
discriminant validity was demonstrated by a mean difference between participants with EQ-5D-5L scores above and 
below the UK population norm ranging from 6.46−17.31. The Haemo-QOL-A Total Score (mean [CI] difference 11.81 
[−20.2, −3.4], P = 0.01) and domains scores for Emotional Impact (17.3 [–26.4, –8.2], P = 0.001) and Role 
Functioning (15.4 [–24.6, –6.2], P = 0.002) were most sensitive to discriminate differences in impairment based on 
EQ-5D-5L scores (Figure 2).

Additionally, review of participant-level data indicated a relationship between clinical outcomes (eg, ongoing 
arthropathy, bleeds and comorbidities) and Haemo-QOL-A scores, suggesting that the tool can discriminate between 
different disease states. In the phase 3 study population, 3/15 participants reported HRQOL score decreases greater in 
magnitude than the instrument CID estimate. All 3 participants had degenerative joint damage alongside other 
comorbidities. Of the 4/15 participants who reported Haemo-QOL-A score changes lower in magnitude than the 
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CID estimate, 3 had ongoing arthropathy. Of the 8 participants that reported score increase >CID, only 3 had 
arthropathy.

Item Discrimination and Internal Consistency
Of the 41 items in Haemo-QOL-A, 38 had corrected item-total correlation scores >0.4. Three items were identified as 
non-discriminatory in their domain (corrected item-total correlation scores <0.4). The item “I am able to complete 
household tasks” in the Physical Functioning domain had a corrected item-total correlation of –0.03. However, the 
domain showed good internal consistency overall, and although deletion of this item improved Cronbach’s alpha, it 
improved from an acceptable level regardless (from 0.71 to 0.76). In addition, 2 of 3 items in the Treatment Concern 
domain, “I worry about the safety of my treatment” and “I worry about the availability of hemophilia products”, had poor 
discrimination (item correlation-total scores 0.09 and 0.26, respectively). Overall, the domain showed poor internal 
consistency and deletion of each item only improved the Cronbach’s alpha for this domain from 0.31 to 0.42 and 0.317, 
respectively.

Clinically Important Difference in Haemo-QOL-A
Results of the distribution-based method to estimate CID in Haemo-QOL-A are shown in Supplemental Table 4. 
A variety of anchor-based methods were also tested. For participants with EQ-5D VAS score change categories of 
≥+3, between +3 and −3, and ≤−3, the mean changes in Haemo-QOL-A Total Scores were 16.3, 1.8, and −2.8, 
respectively (Table 3). Comparison of groups indicated a score change ≥6.31 would represent a clinically meaningful 
change in the Haemo-QOL-A Total Score. However, as the mean VAS score change in the groups experiencing a score 
change ≥±3 (ie a clinically meaningful change in VAS28) is far greater than the CID threshold for the VAS (mean score 
change of 13), it is likely that the true CID is <6.31; thus, further analyses were conducted and detailed below. First, 
results from regression analyses were extrapolated to predicted change in Haemo-QOL-A Total Score (dependent 
variable) vs EQ-5D VAS score increase of 3. Analyses predicted that for each 1-point increase in VAS score, Haemo- 
QOL-A Total Score would increase by 0.63. Therefore, a 3-point VAS score change should equate to a Haemo-QOL-A 
Total Score change of 1.89. Next, given the distribution of the available data, mean change in Haemo-QOL-A Total and 
domain scores were mapped against reported VAS change categories shown in Table 1 that were greater in magnitude 
than the accepted CID of 3.28 An average of all domain CID estimates was calculated to give an overall estimate for 
what would constitute a CID score change for the domains of the Haemo-QOL-A (Supplemental Table 5). The resultant 
Haemo-QOL-A Total Score CID estimate (score change ≥5.5 in magnitude) was lower than the estimated domain score 
(score change ≥6.0 in magnitude) due to lack of relevance of 2/3 items in the Treatment Concern domain in patients 
treated with gene therapy. Given the distribution of the data and small sample size, the latter anchor analyses in 
Supplemental Table 5 were deemed most reliable. This is further corroborated by the fact that the Haemo-QOL-A Total 
Score CID estimate derived from this method matches others that use a distribution-based method.

Participants in the phase 1/2 and 3 studies had higher mean Haemo-QOL-A Total Score change from baseline than 
the CID estimate at weeks 28, 52, 104, and 156 post-infusion and at week 26 post-infusion, respectively (Table 2). 
Similarly, participants reported clinically meaningful improvements in the domain scores for Consequences of 
Bleeding, Physical Functioning, Role Functioning, and Worry at all time points (Table 2). Changes in mean domain 
scores for Emotional Impact and Treatment Concern were not consistently above the CID threshold in the phase 1/2 
study population (Table 5).

Table 5 Mean Change in Transformed Haemo-QOL-A Scores for Domains of Emotional Impact and Treatment Concern, Phase 1/2 
Study

Week 52 Week 78 Week 104 Week 130 Week 156

Emotional Impact 11.4 (–5.4, 28.2) 4.7a (–22.9, 32.2) 16.7 (–3.4, 36.7) 1.4a (–15.2, 18.0) 11.1 (–5.4, 27.6)

Treatment Concern 7.6 (–2.1, 17.3) 10.7 (–13.2, 34.5) 3.3a (–16.8, 23.5) –4.3a (–28.3, 19.8) 6.7 (–5.9, 19.2)

Notes: Data presented are mean (range). aScores <anchor-based CID estimate. 
Abbreviations: CID, clinically important difference; Haemo-QOL-A, hemophilia-specific health-related quality of life questionnaire for adults.
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Discussion
This is the first study to psychometrically validate the Haemo-QOL-A in PWSHA undergoing gene therapy. Validation of 
Haemo-QOL-A is important to inform clinical analysis of the effect of gene therapy on HRQOL. Our preliminary results 
demonstrate good psychometric validity of the Haemo-QOL-A when measured in participants undergoing gene therapy, 
consistent with the US Food and Drug Administration guidelines for patient-reported outcome instrument validation, 
though all results should be interpreted with caution and confirmed in a larger sample size.29

In this study, the Haemo-QOL-A had good preliminary construct validity, including convergent validity, as there was 
a high degree of correlation between the Haemo-QOL-A and EQ-5D-5L. Despite the limited sample size, mean Haemo- 
QOL-A Total and domain scores were capable of detecting differences in participant populations with vs without a high 
burden of disease, suggesting the instrument had good discriminant validity. The scale also showed good content validity 
with very few items displaying floor and ceiling effects, except in the Treatment Concern domain, where 2/3 questions 
are not relevant to an individual undergoing gene therapy in a clinical trial. Our results also establish CIDs in Haemo- 
QOL-A scores after gene therapy and demonstrate likely applicability in ongoing clinical studies.

Convergent validity preliminarily identified significant correlations between Haemo-QOL-A and EQ-5D-5L scores at 
both baseline and week 26. Correlations at baseline, although significant, were not as strong as at week 26, highlighting 
the disability paradox experienced by PWSHA.17 Improved outcomes on the Haemo-QOL-A Total Scores and domains 
of Emotional Impact, Physical Functioning, and Treatment Concern at week 26 post-infusion were inversely correlated 
with EQ-5D-5L domain scores for Usual Activities, Anxiety and Depression, and Pain and Discomfort. There were no 
significant correlations between the EQ-5D-5L domain of Mobility and the Haemo-QOL-A domain of Physical 
Functioning, suggesting that improvements in physical QOL of participants treated with gene therapy may be driven 
largely by a decrease in pain.

Mean Haemo-QOL-A Total Scores discriminated well among our limited sample of study participants with differing 
degrees of HRQOL impairment based on EQ-5D-5L VAS scores. Previous studies show similar discrimination between 
hemophilia A populations differing in disease severity, HIV status, and type of treatment (on-demand vs prophylaxis) 
using Haemo-QOL-A.19 The current analysis used general population scores based on UK norms.26 It will be interesting 
to evaluate the discriminant characteristics of Haemo-QOL-A in studies conducted in different geographic regions. 
Additionally, the tool discriminated between participants with and without ongoing arthropathy in our limited sample of 
study participants, suggesting that joint damage and subsequent pain heavily impact HRQOL in PWSHA; therefore, 
treatment should aim to prevent joint damage before it occurs.

Of the 6 Haemo-QOL-A domains, only Treatment Concern had poor internal consistency. Two items relating to 
treatment safety and availability lacked discrimination. The third item on concerns regarding clinician inexperience 
performed well. Thus, two-thirds of this domain was insensitive to the psychological HRQOL of participants pertaining 
to their treatment, which lowered the Haemo-QOL-A Total Score. Since a one-time infusion of gene therapy may 
circumvent the need for repeated factor infusions, participants may not be as concerned about treatment availability. 
Further, since gene therapy is provided through specialist treatment centers with thorough follow-up, participants may 
not be as concerned about the safety of their treatment. In the future, the Treatment Concern domain could be revised to 
be more appropriate for evaluating change post-gene therapy by, for example, using the remaining item “I worry about 
the safety of my treatment” to score the domain or adding additional questions that better reflect the current treatment 
landscape.

A total of 13 items showed ceiling effects. These were most prevalent in the Treatment Concern and Emotional 
Impact domains. Floor and ceiling effects diminish sensitivity of psychometric instruments and can result in under
estimation of treatment effectiveness. Scores pertaining to these items must therefore be interpreted cautiously in future 
applications of Haemo-QOL-A in gene therapy.

It is important to benchmark HRQOL improvements in participants undergoing gene therapy for hemophilia 
A against CID estimates generated using both distribution- and anchor-based approaches. The current study used both 
methods to establish CID estimates that are in line with those previously published following FVIII prophylaxis, where 
the distribution-based CID estimate for Haemo-QOL-A Total Score ranged from 5 to 7 and that of the Physical 
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Functioning domain ranged from 6 to 9.30 However, given the small number of participants receiving gene therapy in the 
current analysis and the vastly different nature of the HRQOL burden experienced by participants receiving gene therapy 
vs those receiving standard of care, clinicians should be cautious in comparing the magnitude of CID scores across these 
2 studies.

Small sample size was a limitation in both populations, which precluded using several anchor-based estimation 
approaches.28 A low anchor magnitude of 3-point EQ-5D-5L VAS score change was adopted given the EQ-5D-5L’s 
limitation in determining differences in disease state in hemophilia.17 Of all participants evaluated across both popula
tions, 4 reported baseline Total Score >85%, indicating possible ceiling effects. Here, some participants reported VAS 
scores higher than population norms; other research using the EQ-5D-5L in PWSHA found similar results, suggesting 
a disability paradox.17 People with chronic conditions often report higher or similar health state valuations than the 
general population,31,32 in part due to processes of adjustment and coping. A larger sample size may provide more 
meaningful anchor scores and allow more accurate estimation of CID.

Conclusion
Future availability of novel gene therapy interventions will likely shift the paradigm of hemophilia A treatment. This 
small study is the first to validate the Haemo-QOL-A for detecting clinically meaningful improvement in the HRQOL of 
PWSHA receiving gene therapy. Our analyses establish initial CID estimates and support the validity and reliability of 
the Haemo-QOL-A for measuring changes in HRQOL. These preliminary findings suggest that the Haemo-QOL-A is 
likely fit for evaluating HRQOL and provides a guide for future applications for measuring HRQOL outcomes in 
PWSHA following gene therapy. Prospective studies with larger sample sizes are needed to evaluate this instrument in 
a broader severe hemophilia A population.
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