Application for Institutional Review Board Approval of Study Protocol

1. Title

Prospective clinical study on Vitamin D replacement in bronchiectasis — A pilot study

2. Investigator

Principal investigator: Dr. W.C. KWOK, Clinical Assistant Professor !
1: Division of Respiratory Medicine, Department of Medicine, The University of Hong Kong,

Queen Mary Hospital, Hong Kong

3. Background

Bronchiectasis refers to a suppurative lung condition characterized by pathological dilatation
of bronchi. It is one of the most common chronic airway diseases in Chinese populations (1).
The prevalence increased by 2.31-fold between 2013 and 2017 among Chinese urban adults >
18 years (2) . Although there is no official epidemiological report on the prevalence of
bronchiectasis in Hong Kong, a local study that validated the diagnostic coding for
bronchiectasis in an electronic health record system in Hong Kong recorded 19617 patients

with the diagnostic code of bronchiectasis among all public hospitals from 2011 to 2020 (3).

The main pathogenesis of bronchiectasis involves airway inflammation, abnormal mucus
clearance, and bacterial colonisation, resulting in progressive airway destruction and distortion.
In recent years, evidence suggests a central role of airway inflammation and immune
dysregulation in the evolution of bronchiectasis (4). The classic type of airway inflammation
is neutrophilic, characterised by abundant neutrophils in sputum and bronchoalveolar lavage
fluid, and detected in bronchial biopsy from patients with bronchiectasis, even in a clinically
stable-state (5).

Bronchiectasis is also characterized by having micro-organism (bacterial, especially
Pseudomonas aeruginosa and non-tuberculous mycobacteria) colonization as well as
exacerbation. The progressive destruction perpetuates in a vicious cycle, even when the initial
insult has subsided. Patients with extensive bronchiectasis present with chronic cough, copious
purulent sputum, haemoptysis, progressive loss of lung function, and episodes of infective

exacerbations.
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Bronchiectasis exacerbation is associated with negative impact on morbidity, mortality, quality
of life, and healthcare costs. (6-8) EMBARC Bronchiectasis Registry demonstrated that around
50% of patients had two or more exacerbations annually and one in every three required
hospitalizations (9). The prognosis, with respect to hospitalization, mortality and severity, can
be predicted by using validated scoring system such as bronchiectasis severity index (BSI) and
FACED score (using a combination of forced expiratory volume in the first second (FEV1),
patient’s age, the presence of Pseudomonas aeruginosa colonization, disease extent and degree
of dyspnea to predict five-year all-cause mortality) (10, 11). In addition, health-related quality
of life (HRQOL) is severely impaired in bronchiectasis (12).

Vitamin D is known to have immune and inflammatory-modulating effects (13, 14). Both
25(OH)D: calcifediol and its active form, 1,25-dihydroxyvitamin D (1,25(OH)2D: calcitriol),
play critical roles in protection against invasive pathogens and reducing risks of autoimmunity.
Low 25(OH)D status was reported to increase the susceptibility to infections and developing
autoimmunity. According to a systematic review, data strongly suggested that maintaining
serum 25(OH)D concentrations of more than 125 nmol/L is associated with significant risk
reduction from viral and bacterial infections, sepsis, and autoimmunity (15). Most adequately
powered, well-designed, randomized controlled trials with sufficient duration supported
substantial benefits of vitamin D. Data confirmed that keeping an individual's serum 25(OH)D
concentrations above 125 nmol/L reduces risks from community outbreaks, sepsis, and

autoimmune disorders.

There is epidemiological finding of association between vitamin D deficiency and the risk
of respiratory tract infections (16, 17). Seasonal vitamin D insufficiency due to reduced sun
exposure was reported to be associated with increase in tuberculosis risk (18). Vitamin D
deficiency has been associated with worse clinical outcomes in Coronavirus disease 2019
(COVID-19) (19). Vitamin D supplementation was shown to have small effect on reducing the

risk of acute respiratory infections compared with placebo (20).

Vitamin D may also play a role in chronic respiratory diseases. High deficiency rate of
25(0OH)D was reported to be associated with severity of chronic obstructive pulmonary disease
(COPD) (21). Serum vitamin D levels were also inversely associated with COPD risk, severity,
and exacerbation (22). Vitamin D deficiency is associated with increased risk of COPD and
severe COPD but not with COPD exacerbation. Vitamin D deficiency was associated with a
significant decrease in lung function in asthmatic children (23). Supplementation of Vitamin D
was reported to improve the indicators of asthma and COPD, especially in pulmonary function,
(St. George's Respiratory Questionnaire (SGRQ) scores, interleukin-5 (IL-5), and IgE (24).
Vitamin D supplementation can also reduce the rate of asthma exacerbations requiring

treatment with systemic corticosteroids (25).
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Given the role of vitamin D in immune regulations and the reported infection risks among
patients with vitamin D deficiency, it is not surprising that vitamin D deficiency may be linked
to poor outcome in bronchiectasis, a disease characterized by chronic bacterial colonization

and exacerbation which is mediated through infectious pathogens.

Vitamin D level has been shown to be a good predictor of clinical and radiological severity of
bronchiectasis (26, 27). Vitamin-D deficient patients had higher sputum levels of inflammatory
markers and demonstrated a more rapid decline in lung function over 3 years follow-up. (28)
Vitamin D deficiency is a non-trivial issue in this disease population since as many as 50%
were found to be deficient. (28) Colonization rate of Pseudomonas aeruginosa were also found
to correlate with vitamin D level (21.4% vs. 10.4% vs. 3.6%) in deficient, insufficient and
sufficient patients respectively. (28) Vitamin-D deficient patients also had lower predicted
FEV1 by percentage predicted and more frequent pulmonary exacerbations, demonstrating the
correlation between exacerbation frequency and vitamin D status (29). Finally, a New Zealand
study looked at how Vitamin D supplementation affect the frequency or severity of
exacerbations though most patients were not Vitamin D-deficient as baseline. (30). It is
important to note that bronchiectasis exacerbation is not the primary outcome of any of the
above studies and therefore important confounders such as the intrinsic disease severity or

degree of Pseudomonas aeruginosa colonization were not properly adjusted in this study.

Limitations do exist in these studies on Vitamin D level and bronchiectasis. Firstly, the studies
aforehand mentioned were conducted among Caucasian and middle-east populations (26-29).
It has been well reported that the actiology of bronchiectasis varies greatly across ethnic groups
(14). There is also geographical variation in epidemiology and microbiology of bronchiectasis.

Secondly, relatively small sample sizes were used in these prior studies.

Our group is also conducting a prospective clinical study on serum 25-hydroxyvitamin D (25-
OH D) level and risk of bronchiectasis exacerbation (UW 22-317) which started in January
2023 and targeted for completion by end of 2024. There were 104 subjects recruited who will
be followed up for 12 months. In this ongoing study, 42 (39.3%) of the patients had vitamin D
deficiency with baseline vitamin D level below 50 nmol/L. There were 70 patients who
completed the interim analysis at 6 months. Patients who are vitamin D deficient had increased
risks of developing bronchiectasis exacerbation (10% in Vitamin D deficient group and 0% in
vitamin D non-deficient group), p-value = 0.082. Patients who are vitamin D deficient had
increased risks of developing hospitalized bronchiectasis exacerbation (13.3% in vitamin D
deficient group and 2.5% in vitamin D non-deficient group), p-value = 0.041. Patients with
vitamin D deficiency also had higher SGRQ score (symptom domain) [39.4 £ 22.5 vs 28.1 +
20.4,p=0.011], SGRQ score (impact domain) [23.6 = 19.3 vs 16.0 + 14.9, p = 0.024] and total
SGRQ score [29.3 + 18.1 vs 22.9 £ 15.2, p=0.063]. The data from this preliminary local pilot

data suggested that vitamin D deficiency might have important role in bronchiectasis in terms
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of symptom burden and exacerbation risks.

There are several issues and limitations in the previous study on vitamin D supplementation in
adults with bronchiectasis (31). Firstly, patients with co-existing respiratory diseases such as
asthma in 7 (21%) of the patients were included. This might affect the validity of the results as
the benefits of vitamin D supplementation has been shown in prior studies. Secondly, the mean
serum 25(OH)D level at baseline before vitamin D supplementation was 70.5 £ 35.3 nmol/L,
signifying that a substantial portion of the patients recruited are not vitamin D deficient
(defined as serum 25(OH)D level < 50 nmol/L). Some of the outcomes measured are also not
bronchiectasis specific. The primary outcome was serum 25(OH)D levels before and after
vitamin D3 supplementation, which is indeed unrelated to bronchiectasis. The change in
vitamin D level after replacement is rather expected and might not have clinical values in
bronchiectasis management. For the secondary outcomes, Dartmouth COOP charts score,
SNOT-20 score, Lund—Kennedy score and Leicester cough questionnaire (LCQ) score are all
not specific to bronchiectasis. Measuring non-bronchiectasis specific outcomes undermines the
ability of the study to assess for the benefits of vitamin D supplementation in bronchiectasis.
As bronchiectasis has rather distinct clinical features which are not present in other chronic
respiratory diseases (such as haemoptysis), measuring its specific outcomes is critical to assess

treatment benefits.

This study therefore seeks to address the limitations in previous related studies on vitamin D
replacement and bronchiectasis exacerbation occurrence through a self-controlled pilot study.
We aim to investigate whether vitamin D replacement in bronchiectasis patients with vitamin
D deficiency can reduce hospitalized bronchiectasis exacerbation occurrence. Patients who
participated in the prior study entitled “Prospective clinical study on serum 25-hydroxyvitamin
D (25-OH D) level and risk of bronchiectasis exacerbation” (UW 22-317) will be invited for
participation during regular clinic follow-up and management in Queen Mary Hospital. If they
are willing to join the further research, they will be recruited in this self-controlled study. There
are some differences from usual management to non-CF bronchiectasis subjects. The study
subjects would be checked for their blood 25-hydroxyvitamin-D level during the study period.
The non-CF bronchiectasis subjects with Vitamin D deficiency would be given 1000 IU and
2000 IU (if needed). We aim to correct their Vitamin D deficiency completely, aiming at blood
25-hydroxyvitamin-D level >=50, i.e. treat to target. The dose depends on the level of Vitamin
D after replacement. If blood 25-hydroxyvitamin-D level is 50 or above, then 1000 IU is suffice.
If blood 25-hydroxyvitamin-D level is still below 50, we will increase to 2000 1U.

4. Hypothesis
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We hypothesize that replacing vitamin D to raise the blood 25-hydroxyvitamin-D level
above 50 nmol/L can reduce the occurrence of hospitalized bronchiectasis exacerbation
among patients with bronchiectasis and baseline vitamin D deficiency.

5. Objectives

To investigate whether vitamin D replacement in bronchiectasis patients with vitamin D

deficiency can reduce hospitalized bronchiectasis exacerbation occurrence.

6. Subject recruitment

A prospective self-controlled study will be conducted to assess the potential benefits of
vitamin D supplementation, aiming at raising the blood 25-hydroxyvitamin-D level above
50 nmol/L.

This study will be conducted at the Department of Medicine, Queen Mary Hospital. The
Division of Respiratory Medicine at Queen Mary Hospital is a tertiary referral centre
serving the entire territory and is the major receiving unit for patients with various
respiratory diseases (including bronchiectasis) in the Hong Kong West Cluster.

Patients who participated in the prior study entitled “Prospective clinical study on serum
25-hydroxyvitamin D (25-OH D) level and risk of bronchiectasis exacerbation” (UW 22-
317) will be invited for participation during regular clinic follow-up and management in
Queen Mary Hospital. If they are willing to join the further research, they will be recruited
in this self-controlled study. There were 104 subjects in the aforementioned study who will
be separated into two groups according to their Baseline blood 25-hydroxyvitamin-D level:
vitamin D deficient (below 50 nmol/L) and vitamin D non-deficient (at or above 50 nmol/L).
There were initially 42 and 62 patients in the vitamin D deficient and vitamin D non-
deficient groups respectively. Patients would be rechecked for 25-hydroxyvitamin-D level
to confirm the persistence of deficiency at the recruitment visit.

The following eligibility criteria will apply.

Inclusion criteria: Patients with

1. ages 18 years or above, male or female.

2. confirmed diagnosis of non-CF bronchiectasis based on high-resolution computed
tomography (HRCT) scan.

3. participation in the prior study entitled “Prospective clinical study on serum 25-
hydroxyvitamin D (25-OH D) level and risk of bronchiectasis exacerbation” (UW 22-
317)

Exclusion criteria: Patients with
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underlying asthma, COPD and other co-existing respiratory diseases
underlying osteoporosis

supplementary Vitamin D in their regimen

Nowoho~

advanced chronic kidney disease with estimated glomerular filtration rate (eGFR) <

30mL/min

7. Brief outline of methodology

The following will be performed at the recruitment visit: Detailed medical history
(Demographics, duration of bronchiectasis, co-morbidities, exacerbation history),
questionnaires (SGRQ, Modified Medical Research Council (mMRC) dyspnoea scale,
bronchiectasis impact measure (BIM), Bronchiectasis Health Questionnaire (BHQ)),
physical examination, blood tests (Complete blood count, liver and renal function test,
25-hydroxyvitamin-D level, calcium and phosphate level, erythrocyte sedimentation rate,
C-reactive protein, high-sensitivity C-reactive protein), and sputum analysis (Bacterial
smear and culture, acid fast bacilli smear and culture). The detailed study procedures are
summarized in Table 1. The estimated duration for each visit would be 15 minutes.

Outcome measurement

The primary outcome measure is the proportion of patients who develop hospitalized
bronchiectasis exacerbation during the follow-up period of 12 months, when compared
with the 1-year period before. The Vitamin D deficient group will be compared with their
historical data collected in the prior study entitled “Prospective clinical study on serum
25-hydroxyvitamin D (25-OH D) level and risk of bronchiectasis exacerbation” (UW 22-
317) as self-control, as well as the vitamin D non-deficient group.

The secondary outcomes include the change in SGRQ, BIM and BHQ score at 6 and 12
months from baseline, as well as change in number of all/hospitalized bronchiectasis
exacerbation in the follow up period of 12 months.

Those with vitamin D deficiency will be replaced with vitamin D3 at 1000 IU at the first
visit. Vitamin D3 1000 IU is expected to increase blood 25-hydroxyvitamin-D level by
25 nmol/L. Blood 25-hydroxyvitamin-D level will be rechecked 3 months after
replacement. If the blood 25-hydroxyvitamin-D level is still below 50 nmol/L, the vitamin
D3 replacement dosage will be increased to 2000 IU. Blood 25-hydroxyvitamin-D level
will be checked again at 6 and 12 months.

Patients will be followed up at 3, 6 and 12 months after recruitment. Except for the
sputum analysis and blood tests, the same measures in Table 1 will be performed at 6 and
12 months. In addition, patients will be assessed on their bronchiectasis exacerbation
record (both bronchiectasis exacerbation managed in an out-patient setting and
hospitalized bronchiectasis exacerbation).

Methods
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Blood 25-hydroxyvitamin-D level

25-hydroxyvitamin-D will be measured in nmol/L, using in-house liquid chromatography
with tandem mass spectrometry (LC/MS-MS) developed by the Department of Chemical
Pathology of Queen Mary Hospital. Vitamin D deficiency is defined as 25-
hydroxyvitamin-D level below 50 nmol/L, while sufficient vitamin D level is defined as
above 50 nmol/L, per the Endocrine Society guidelines (32, 33).

Bronchiectasis exacerbation

Bronchiectasis exacerbation was defined as [1] a deterioration in three or more of the
following key symptoms for at least 48 hours, including cough, sputum volume and/or
consistency, sputum purulence, dyspnea and/or exercise tolerance, fatigue and/or malaise,
hemoptysis AND [2] clinician assessment that a change in bronchiectasis treatment was
required usually with administration of antibiotics treatment.

Hospitalized bronchiectasis exacerbations are those exacerbations that fulfil the criteria
above and also need at least 24 hours in-patient stay for treatment.

SGRQ

SGRAQ is a disease-specific instrument designed to measure impact on overall health, daily
life, and perceived well-being in patients with obstructive airway disease. Consisting of 2
parts with 50 items, it addresses frequency and severity of patients’ symptoms as well as
activities that cause or are limited by breathlessness. Scores range from 0 to 100, with
higher scores indicating more limitations. The minimally important difference is a mean
change of 4 units for slightly efficacious treatment, 8 units for moderately efficacious
change and 12 units for very efficacious treatment (34, 35). SGRQ has been validated in
patients with bronchiectasis and is considered a valid and sensitive instrument for
determining quality of life in bronchiectasis patients (36).

BIM

Bronchiectasis Impact Measure (BIM) is another tool developed to assess patient-reported
outcome in bronchiectasis. BIM is a self-administered outcome measure designed to
collect patient-perceived health impact at baseline or after a follow-up period in an
intervention. It was designed to address some of the perceived limitations of existing tools
by being simple (eight items), giving greater scope for a range of responses (10-point
visual analogue scale for each item) and by focusing on the impact of disease on quality
of life rather than on the frequency or severity of symptoms. BIM consists of eight
domains, namely: cough, sputum, breathlessness, tiredness, activity, general health,
control, and exacerbations. A score ranges from 0 to 10 for each domain, with 10 being
most severe. The total score is 80. BIM has been validated and shown to have excellent
internal consistency. The domains were also shown to strongly correlate with
bronchiectasis severity and exacerbation history. Statistically significant changes in all
BIM domains were observed during an acute exacerbation. PI of this study translated and
validated the Traditional Chinese version of BIM in year 2024.
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BHQ

BHQ was developed by Spinou et al. (37). Despite the questionnaire’s simplicity, the
authors concluded that the questionnaire works well in a different population from the
development cohort. The instrument comprises 10 questions, each scored on a 7-point
scale, to assess quality of life related to bronchiectasis on individuals for a recall period
of 2 weeks. The total score ranges from 10 to 70, with a lower score indicating a more
negative impact on HRQOL. PI of this study translated and validated the Traditional
Chinese version of BIM in year 2024.

Table 1: Study Procedures

Study Visit
Visit Vi V2 V3 V4
Months 0 3 6 12
Written informed consent v
Body height, body weight and body Y
mass index
Medical history and previous Y v 4 4
medication
Blood samples v v v v
Sputum investigation v
Lung function tests v
Blood pressure and pulse P v v 4
measurement
Physical examination 4 v 4 v
mMRC score 4 v v
SGRQ score v v v
BIM questionnaire v v v
BHQ questionnaire 4 v v
Vitamin D replacement v v v
(Only for patients with Vitamin D v (Dosage will be
deficiency) increased to

(Dosage: 1000 2000 IU if

blood vitamin D
1) level is below
50 nmol/L)
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Those with vitamin D deficiency will be replaced with vitamin D3 at 1000 IU at the first
visit. Vitamin D3 1000 IU is expected to increase blood 25-hydroxyvitamin-D level by
25 nmol/L. Blood 25-hydroxyvitamin-D level will be rechecked 3 months after
replacement. If the blood 25-hydroxyvitamin-D level is still below 50 nmol/L, the vitamin
D3 replacement dosage will be increased to 2000 IU. Blood 25-hydroxyvitamin-D level
will be checked again at 6 and 12 months. There are some differences from usual
management to non-CF bronchiectasis subjects. The study subjects would be checked for
their blood 25-hydroxyvitamin-D level during the study period. The non-CF
bronchiectasis subjects with Vitamin D deficiency would be given 1000 IU and 2000 [U
(if needed). We aim to correct their Vitamin D deficiency completely, aiming at blood 25-
hydroxyvitamin-D level >=50, i.e. treat to target. The dose depends on the level of
Vitamin D after replacement. If blood 25-hydroxyvitamin-D level is 50 or above, then
1000 IU is suffice. If blood 25-hydroxyvitamin-D level is still below 50, we will increase
to 2000 IU.

Patients will be followed up at 3, 6 and 12 months after recruitment. Except for the
sputum analysis and blood tests, the same measures in Table 1 will be performed at 6 and
12 months. In addition, patients will be assessed on their bronchiectasis exacerbation
record (both bronchiectasis exacerbation managed in an out-patient setting and
hospitalized bronchiectasis exacerbation).

Subjects (with justification on the sample size)

Patients who participated in the prior study entitled “Prospective clinical study on serum
25-hydroxyvitamin D (25-OH D) level and risk of bronchiectasis exacerbation” (UW 22-
317) will be recruited in this self-controlled study.

There were 104 subjects in the aforementioned study who will be separated into two
groups according to their Baseline blood 25-hydroxyvitamin-D level: vitamin D deficient
(below 50 nmol/L) and vitamin D non-deficient (at or above 50 nmol/L). There were
initially 42 and 62 patients in the vitamin D deficient and vitamin D non-deficient groups
respectively.

Data processing and analysis

The demographic and clinical data will be described in actual frequency or mean £ SD,
or median and interquartile range, where appropriate.

Baseline demographic and clinical data will be tabulated, as well as compared between
Vitamin D deficient and vitamin D non-deficient groups by independent t-test or non-
parametric tests where appropriate.

In the Vitamin D deficient group, the proportion of patients with hospitalized
bronchiectasis exacerbation before and after vitamin D replacement will be compared by
binary logistic regression. The number of all/hospitalized bronchiectasis exacerbation
before and after vitamin D replacement will be compared by will be compared with linear
regression.
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The proportion of patients with all/hospitalized bronchiectasis exacerbation and between
vitamin D deficient and vitamin D non-deficient groups will be compared by binary
logistic regression. The number of all/hospitalized bronchiectasis exacerbation b between
vitamin D deficient and vitamin D non-deficient groups will be compared by will be
compared with linear regression.

Covariates including FACED score, age, gender and smoking status will be adjusted in
multivariate analysis. For secondary outcome, the change in SGRQ, BIM and BHQ scores
at the end of study will be compared between the two groups by linear regression and
adjusted for confounders in multivariate analysis. A p-value of <0.05 will be considered
statistically significant. All the statistical analyses will be performed using the latest
version of Statistical Package for the Social Sciences (SPSS) software.

8. Potential hazards to subjects in the study

Patients will undergo blood tests and breathing (lung function) tests. The breathing tests
may be associated with some discomfort, such as chest soreness, shortness of breath and
lightheadedness. Pain, bruising or infection may occur from the needle puncture sites.
Should patients’ non-CF bronchiectasis significantly worsen in the course of the study,
study doctor will withdraw them from the study and provide appropriate medical
treatment.

Over-replacement of Vitamin D may lead to Vitamin D toxicity which can have the
following symptoms: nausea, vomiting, loss of appetite, constipation, dehydration,
fatigue, irritability, confusion, weakness and/or weight loss. In this study, the blood serum
25(OH)D level will be checked before the start of Vitamin D replacement and at 3 months

after replacement, to ensure the replacement is adequate but not excessive.

9. Confidentiality and use of results

The demographic and clinical data collected from study subjects will be stored securely
at the study site for 5 years, with access by the principal investigator or his designated
research staff. These data will only be used for the study as outlined in this protocol and

individual patient’s identity will be removed after completion of statistical analyses.

10. Personal experience of the investigators in the field

The Division of Respiratory Medicine has a strong track record in conducting clinical
research on bronchiectasis. Queen Mary Hospital is a well-recognised tertiary referral and
research centre in the field of respiratory medicine, with numerous research on
bronchiectasis and respiratory diseases conducted therein during the past years. All the
investigators are experienced and accredited specialist. Within the last 3 years, the PI (Dr

WC Kwok) has served as the first author of 9 out of 10 publications on bronchiectasis.

Study protocol_Vitamin D replacement in bronchiectasis V1 (dated 06032024) 10



The current research team (clinical and basic research) under the supervision of the PI
consists of 1 senior research assistant, 1 research assistant, 1 technician, and 2
postgraduate students (MPhil). The current research team also has expertise in research

related to bone and mineral metabolism.

11. Funding and Conflict of interests

There is no funding received for this study. There will be no conflict of interests from both

the department and any of the investigators involved.

12. Declaration

The information supplied above is to the best of our knowledge and belief accurate. We

shall comply with the principles enunciated in the present Declaration of Helsinki.
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