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Abstract 

Background  Lifestyle changes have meant that it is problematic for many people across the globe to maintain 
adequate vitamin D concentrations. As UV-catalysed production in the skin, which uses vitamin D-binding protein 
to facilitate systemic absorption, is the primary source of vitamin D, it is questionable if oral supplementation of this 
vitamin is the optimal means to replace it. However, supplementing an oil-soluble vitamin via the skin is problematic 
as it gets stuck in the stratum corneum after topical application. This clinical study will test if a new vitamin D ester, 
vitamin D phosphate, which is more water-soluble compared to vitamin D, administered via a transdermal patch, can 
be used to improve vitamin D status.

Method  This is a two-part study comprising a dose-escalation with the vitamin D phosphate transdermal patch fol-
lowed by a randomised, double-blind, placebo-controlled, multiarmed, multistage clinical trial. It is a single-centred, 
12-week study that will enrol a maximum of 100 participants. The dose escalation study will monitor safety and tol-
erability using serum calcium and 25(OH)D3 levels. The blinded, randomised trial will test different dose frequen-
cies for 4 weeks compared to a placebo. Then, after an interim analysis, the best dosing frequency will be assessed 
against a placebo. The primary outcome for the multistage clinical study will be the percentage change in 25(OH)
D3 concentration in the serum (ng/mL) at weeks 4 and 8 compared to baseline. The secondary outcome measures 
include percentage change in serum vitamin D-binding protein levels, skin interstitial fluid biomarker concentrations, 
and nail appearance after 4 and 8 weeks compared to baseline.

Discussion  This study will determine if a vitamin D phosphate transdermal patch can improve vitamin D status. In 
addition, it could provide a better understanding of how vitamin D is absorbed directly into the skin after application 
by measuring the serum vitamin D-binding protein and skin biomarker responses to transdermal supplementation.

Trial registration  Clinical Trials.gov NCT06098846, registered on 23rd October 2023.
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Introduction
Background and rationale
Vitamin D deficiency is common worldwide [1, 2]. The 
prevalence of severe vitamin D deficiency (< 30  nmol/L 
or 12  ng/mL) is 13% among Europeans, 7.4% among 
Canadians and 5.9% in the USA. In comparison, serum 
levels below the recommended 50  nmol/L (20  ng/mL) 
have been reported in 40% of Europeans, 37% of Cana-
dians, and 4% of Americans [3]. Vitamin D supplemen-
tation is recommended to prevent vitamin D deficiency 
from impacting health [4]. For example, the UK govern-
ment advises individuals to take daily vitamin D supple-
ments (400 IU, 10 µg) to ensure adequate blood levels and 
to  protect musculoskeletal health [5]. Despite national 
guidelines recommending vitamin D supplementation for 
both adults and children, the health benefits of vitamin D 
supplementation, especially the non-skeletal benefits, are 
not currently strongly supported by robust clinical trial 
data. Therefore, there remains a need to understand bet-
ter the contribution of vitamin D to health [2].

Vitamin D is available in two forms, vitamin D2 (ergo-
calciferol) and vitamin D3 (cholecalciferol), which differ 
in chemical structure. Both forms are extensively metab-
olised in the liver to form 25(OH)VD2 and 25(OH)VD3, 
as well as subsequent active metabolites, 1α,25(OH)2D3 
and 1α,25(OH)2D2 (subsequently referred to as relevant 
vitamin D metabolites) [6]. Vitamin D3 can be produced 
endogenously by UV-B light-mediated cutaneous syn-
thesis and it can be absorbed from exogenous sources by 
consuming animal products that contain trace amounts. 
In contrast, vitamin D2 can only be obtained in relatively 
small amounts through dietary sources [7]. Individu-
als with low vitamin D levels, due to insufficient dietary 
intake or limited exposure to direct sunlight that is often 
a result of geographical location or lifestyle, can improve 
serum levels of 25(OH)VD3 (subsequently referred to as 
vitamin D status) through supplementation [8].

Vitamin D3 is currently the most effective means of sup-
plementing vitamin D and, as such, is provided in most 
supplement formulations on the market [9, 10]. Although 
their use is widespread, these oral formulations are sub-
ject to limited oral bioavailability, which is influenced by 
genetics and food in the gastrointestinal tract during sup-
plement ingestion [11]. Even under controlled conditions, 
such as those in nutrition studies, the 25(OH)D3 plasma 
levels can vary by > 50% in individual participants after 
each vitamin D supplement dose [12]. Furthermore, orally 
administered vitamin D has been shown to have lower 

biological activity than vitamin D produced in the skin 
[13]. This disparity is attributed to differences in absorp-
tion and transport to the liver. Orally ingested vitamin D 
is absorbed through the small intestine and transported in 
chylomicrons, whereas skin-synthesised vitamin D is col-
lected and transported directly by the vitamin D-binding 
protein (VDBP) [14]. As a result of reduced biliary excre-
tion of VDBP-bound vitamin D, the skin-synthesised form 
exhibits increased potency and duration of effect com-
pared to orally administered vitamin D [14].

This work hypothesises that delivering vitamin D 
through the skin may overcome the disadvantages of 
oral administration and lead to an efficacious means 
of supplementation. The greater efficiency of transder-
mal supplementation was predicted to be due to the 
ready access to the vitamin D-binding protein (VDBP) 
in the skin, which then distributes the vitamin around 
the body and avoides clearance [15]. However, vitamin 
D does not readily pass through the outer lipidic bar-
rier in the skin, the stratum corneum; therefore, a novel 
administration approach is needed for supplementation 
via the skin is to be realised  [16]. One potential strat-
egy is the generation of a pro-vitamin  that can modify 
the physicochemical properties and facilitate improved 
skin absorption. Several vitamin D derivatives have pre-
viously been reported to modify the physicochemical 
properties compared to the parent molecule  (e.g., ace-
tate, propionate, stearate, butyrate, and laurate esters), 
but they do not make the compound more water-sol-
uble, which is a requirement to enhance the transder-
mal penetration  of vitamin D [17]. A new phosphate 
ester of vitamin D differs from these other pro-vita-
mins as it increases the compound’s water solubility, 
which allows it to effectively pass through the stratum 
corneum of skin (vitamin D phosphate, VDP, World 
International Publication Number: WO2022084669A1, 
2022). Unpublished cell culture and human skin metab-
olism studies have demonstrated that the VDP ester is 
metabolised into vitamin D in the skin prior to systemic 
absorption. However, there is a need to assess, in clini-
cal studies, if this new compound can bind to the VDBP, 
and then be absorbed into the blood to act as an effec-
tive supplement [18, 19]. Vitamin D phosphate has been 
developed into a active-in-adhesive transdermal patch 
formulation, and it has been shown to increase vitamin 
D skin absorption in ex vivo studies. This new study will 
assess the safety and efficacy of the  vitamin D phos-
phate transdermal patch in healthy human volunteers.
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Hypothesis
Vitamin D phosphate administered as a transdermal 
patch will enhance human vitamin D status. An increase 
in serum 25(OH)D3 levels of 2 ng/mL or greater will be 
considered clinically significant.

Objectives
The objectives of the study are:

•	 To investigate the extent of systemic exposure of 
vitamin D after administering a vitamin D phos-
phate transdermal patch in healthy individuals using 
25(OH)D3 as a biomarker.

•	 To determine how transdermal administration of vita-
min D phosphate influences VDBP levels in the serum.

•	 To investigate how interstitial skin biomarkers in the 
local tissue are changed after the transdermal admin-
istration of vitamin D phosphate.

•	 To understand if the visual appearance of the human 
nail plate changes as a consequence of transdermal 
vitamin D supplementation.

Trial design
This two-part study comprises a dose-finding and a ran-
domised, placebo-controlled, double-blind clinical trial 
using an adaptive design (Figs. 1 and 2). This study aims to 
evaluate the safety and efficacy of a vitamin phosphate trans-
dermal supplement patch compared to a placebo.

Methods: participants, interventions and outcomes
Study setting
The study will take place in the Institute of Pharmaceutical 
Science, King’s College London, London, UK. Recruitment of 
participants will be primarily from London and the surround-
ing areas; thus they will represent the multicultural and mul-
tiethnic population of the city. The study will be conducted 
over 9  months from October to June. This timeframe will 
coincide with the primary academic semesters, thereby max-
imising access to a diverse cohort of staff and students while 
avoiding major holiday periods that could potentially impact 
participant availability. In addition, this period covers the 
seasons associated with a higher risk of vitamin D deficiency, 
particularly from late autumn through early spring [6].

Fig. 1  Participant flow diagram
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Eligibility criteria
Interested participants will be provided with a partici-
pant information sheet and a member of the trial staff 
will explain the study. Volunteers who cannot read or 
comprehend the information given will be considered 
not eligible. Initial screening and subsequent recruit-
ment will be based on participant suitability as per the 
inclusion and exclusion criteria (Table 1) and a successful 
patch adhesive sensitivity test using a placebo patch.

Screening will occur at least 24  h before the baseline 
visit to allow time for the participant to understand the 

information provided. Suspected vitamin D deficiency 
will be established using the Deschasaux questionnaire, 
and no samples will be taken prior to the baseline visit. 
To ensure the study participants are “healthy” we will not 
allow participants who have been diagnosed with vitamin 
D deficiency by a GP in the prior 6 months to be included 
in the trial. Study staff will request that the participants 
sign a statement of informed consent, and if eligible, they 
will be invited to participate in three study visits. A maxi-
mum of 100 participants will be enrolled in the trial. A 
set of patch application instructions will be provided to 

Fig. 2  SPIRIT diagram detailing enrollment, interventions, and assessments. *Note: Part 2, 8 Week time point only for one dose frequency 
and placebo following Part 2, week 4 interim analysis. $Only tested in Part 2. ISF = interstitial fluid, VDBP = vitamin D-binding protein, 
TEWL = transepidermal water loss
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the participants to aid the daily application of the patches 
and to reinforce the instructions after the participants 
have left the clinical site.

Explanation for the choice of comparators
Although other patches containing vitamin D are avail-
able on the market, no clinical studies have demonstrated 
their efficacy in improving vitamin D status, presumably 
due to the limited transdermal bioavailability of vitamin 
D [19, 20]. Consequently, we will compare the innovative 
transdermal vitamin D supplementation approach using 
vitamin D phosphate to a placebo patch.

Intervention
The intervention will be the application of daily trans-
dermal patches. They will be active in adhesive patches 
manufactured at King’s College London comprising food-
grade vitamin D phosphate (1–5 mg) and cosmetic/food-
grade excipients. Placebo patch components will be the 
same as the active but adjusted in proportions to accom-
modate the absence of vitamin D phosphate and the anti-
oxidant. The patches underwent ISO standard toxicology 
testing for medical devices before clinical use (cytotoxic-
ity, irritation, and sensitisation). Patches will be packaged 
in aluminium sealable pouches (primary packaging) and 
then a cardboard box (secondary packaging). The patches 
are stable for at least 6 months after production.

Criteria for discontinuing or modifying allocated 
intervention
A mechanism will be in place to report any adverse 
events to the study team through a dedicated study email 
address. If any of the adverse events are classified as seri-
ous the study team will advise the participant to exit the 

study and they will  be directed to receive appropriate 
medical attention. Participants can exit the study at any 
time.

Participant timeline
Baseline assessment
Volunteers will provide demographic data, relevant 
medical history, allergy status, Fitzpatrick skin type, 
and lifestyle data, including diet, to estimate the differ-
ences in vitamin D intake, and the levels of regular sun 
exposure, to estimate differences in the background lev-
els of vitamin D. We will use the participant location to 
calculate UV exposure during the trials. Baseline meas-
urements will be taken, including trans-epidermal water 
loss (TEWL), a blood sample to measure serum vitamin 
D (25(OH)VD3) and calcium levels, skin interstitial fluid 
(ISF) sample, and fingernail photographs.

Part 1
After receiving informed consent and completing the 
baseline assessment, two cohorts of 8 participants will 
take part in a non-blinded dose escalation pilot study. 
These cohorts will be supplemented via transdermal 
patch application, with one cohort completing the 
4-week study, the data being analysed, and the choice 
of second dose made, before dosing the second cohort. 
The primary outcome measure will be safety and toler-
ability. This will be assessed using calcium and 25(OH)
VD3 levels at 2  weeks and 4  weeks for systemic effects 
and visual observation for local tolerability. If analysis at 
either time point shows blood plasma levels with a serum 
calcium measure of more than 12  mg/dL or a 25(OH)
VD3 level > 60 ng/ml, this will indicate a risk of toxicity. 
The dosing will be terminated in this eventuality, and a 

Table 1  Participant inclusion and exclusion criteria

Inclusion criteria
1. Healthy adults between 18 and 65 years of age

2. Suspected low vitamin D levels (defined as moderate or high risk using the Deschasaux questionnaire [20])

3. Written informed consent for study participation

4. Willingness to comply with the study requirements

5. Competent use of English language

Exclusion criteria
1. Patients unable to give informed consent

2. The use of vitamin D supplements 4 weeks prior to the commencement of the study (and unwilling to washout)

3. Pregnancy

4. Those with parathyroid, thyroid, or calcium disorders, sarcoidosis, taking calcium channel blocking medication, type I diabetes, and concurrent active 
malignancies

5. Those who have been diagnosed with vitamin D deficiency by a GP in the last 3 months using a blood test

6. Those who have been diagnosed with vitamin D deficiency by a GP in the last 6 months using a blood test and have not taken any vitamin D supple-
ments
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serious adverse event will be recorded. If there are serious 
adverse events in 2 or more participants, the dose will be 
classified as unsafe. The secondary outcome will be effi-
cacy using the 25(OH)VD3 blood level. A blood concen-
tration change of < 2 ng/ml in < 75% of participants will 
indicate that the dose is ineffective after 4 weeks of treat-
ment. The primary and secondary outcome measures for 
the “lowest dose” cohort will direct the dosing of the sec-
ond cohort in Part 1. Participants partaking in Part 1 of 
the study will not be eligible for inclusion in Part 2.

Part 2
This part of the trial will be multistage. Four cohorts of 
14 participants will be enrolled in a double-blinded, ran-
domised, placebo-controlled study in the first stage. The 
randomisation sequence will be designed by a statisti-
cian independent of the trial team. Participants will be 
assigned according to the randomisation schedule by a 
local researcher independent of the study team into one 
of three treatment arms or one placebo arm. The treat-
ment arms will measure different dosing frequencies of 
the same strength vitamin D patch. The participants in 
Part 2 will have their parathyroid hormone levels moni-
tored and be subject to genetic analysis to help under-
stand any changes in vitamin D-binding protein, and 
these are additional tests compared to Part 1. The first 
stage of the study will last 4 weeks, after which there will 
be an interim data analysis to select the treatment arm 
for the second stage. In the second stage, two cohorts of 
14 new participants will be blinded and randomised into 
the final two study arms consisting of one treatment arm 
and one placebo arm (28 participants in each arm). The 
second stage will run for 8 weeks, with measurements in 
week 4 and a final measurement in week 8. The aim of 
Part 2 is to establish whether vitamin D phosphate sup-
plementation via the skin increases the concentration of 
vitamin D in the blood and which dosing interval is best 
suited to achieve this.

Strategies to improve adherence to interventions
A specific set of written instructions regarding the patch 
application will be used to reinforce the verbal direc-
tions provided by the study team. Dosing reminders will 
be sent to participants on their mobile phones each day. 
At each visit, the participants will be asked to bring any 
unused transdermal batches back for inspection by the 
study team, who will count any unused patches to deter-
mine the percentage compliance over the study duration.

Relevant concomitant care permitted or prohibited 
during the trial
The trial will monitor the participant’s UV exposure, 
vitamin D intake, medical history and medication intake 

during the trial. However, the trial will not change diet, 
sun exposure or medical treatment.

Ancillary and post‑trial care
It is not anticipated that participants will require post-
trial care; however, participants will be instructed to 
contact the study research team via the designated study 
email address if symptoms relating to the application of 
study patches are experienced following the completion 
of the trial. In such an event, participants will be assessed 
and referred for further medical attention if required.

Outcomes
Primary outcomes
Percentage change in the concentration of 25(OH)D3 in 
the serum compared to baseline.

Secondary outcome

(1)	 Percentage change in the concentration of VDBP 
levels in the serum compared to baseline.

(2)	 Percentage change in the concentration of chemical 
biomarker levels in the skin interstitial fluid com-
pared to baseline.

(3)	 Quantification of image feature change in nail pho-
tographs (unit pixels).

The outcomes may be normalised for confounding fac-
tors such as BMI, percentage body fat, age, ethnicity and 
initial vitamin D serum levels.

Sample size calculation
For Part 1 the sample size is based on clinical considera-
tions. With 6 patients per cohort, there is greater than 80% 
probability of detecting an adverse event with a population 
frequency of 25% using the simple probabilistic calcula-
tions (Table 2). Considering a 20% dropout rate, 8 patients 
are required for each cohort in Part 1 of the study.

Table 2  Part 1 probability of detecting adverse event 
calculations

p n n(1− p) np

0.01 6 0.94148 0.05852

0.2 6 0.262144 0.737856

0.25 6 0.177979 0.822021

Definitions 
  Sample size n

  Pr of observing an event p

  Pr not observing event in a participant 1− p

  Pr not observing an event in n participants n(1− p)

  Pr of observing an event in n participants np
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For Part 2, the sample size calculation is based on a 
4-arm 2-stage design. The minimum change in 25(OH)
VD3 from baseline to week 8 is 4 ng/ml based on previ-
ous studies with oral supplements [21]. The typical value 
of 25(OH)VD3 in placebo arm was estimated at 15.14 
ng/ml with standard deviation (SD) of 9.1 nmol/L. With 
1000 simulation runs, considering 5% significance level 
2-sided and Dunnet test for multiple comparisons to 
select the best treatment, 12 participants are need for 
stage 1 in each arm. Assuming a 15% dropout rate, 56 
participants in total will be recruited in stage 1. For stage 
2, 12 additional  participants will be enrolled in each of 
the selected and placebo arms. Considering the same 15% 
dropout rate, 28 participants in each group are required 
for stage 2. The overall sample size for Part 2 of the study 
is 84. The overall sample size for two parts of the study is 
84 + 16 = 100. A per-protocol analysis will be conducted 
using data collected at the study endpoint. This analysis 
will include only participants who adhered to their ini-
tially assigned treatment regimen throughout the study 
period (> 80% compliance).

Recruitment strategy
Participants will be primarily recruited from staff at 
King’s College London, students, and members of the 
public from the local area who voluntarily respond to 
trial advertising. Participants expressing interest in the 
trial will receive an information leaflet and consent form 
and will be invited to screening and baseline assessments. 
To encourage participant retention, all study participants 
will be offered financial compensation to reimburse them 
for the inconvenience of clinical visits. As an additional 
incentive for retention, participant 25(OH)VD3 blood 
results will be given as a report at the end of the trial stat-
ing, “results are guideline only and should not be used 
for clinical diagnosis”. Participation in the trial is volun-
tary, and participants may withdraw at any time for any 
reason.

Assignment of interventions
Allocation, concealment, implementation
Part 2 of the trial will be randomised. A code generated 
by an independent statistician will ensure equal partici-
pant recruitment into each of the trial cohorts by a block 
randomisation process. Group allocation will be per-
formed by an independent researcher using the randomi-
sation code. The blinding will remain in place until the 
trial and the final data analysis have been completed. In 
stage 1 of Part 2, 56 participants will be randomised and 
allocated into 4 groups. Following the interim data analy-
sis, 28 additional participants will be randomised and 
allocated into the two final groups for Part 2, stage two.

Blinding
Participants and researchers will be blinded to the treat-
ment allocation. The statistician will be blinded to the 
treatment allocation but will be unblinded to the groups 
during the interim analysis and thus we consider this a 
double-blind study. Treatment and placebo patches will 
be visually identical and labelled by a pharmacist inde-
pendent of the trial, who will package them in the same 
way and assign each box with a code according to the 
independent statistician’s list of codes. The independent 
researcher responsible for participant allocations will 
check the codes against the statistician’s randomisation 
list to ensure accuracy. Where the frequency of treatment 
patch application is assessed, daily patch application will 
still be used with a mixture of treatment and placebo 
patches to maintain participant and researcher blinding. 
Any interim analysis that needs to be completed will be 
performed by an independent statistician and data review 
committee so as not to break the blinding code. In the 
event of a major adverse event, the team will contact the 
independent researcher responsible for the group alloca-
tion and ask them to unblind the participant affected by 
the event to ensure they receive the appropriate medical 
attention.

Data collection, management, analysis
Data collection methods
Screening questionnaire
Participants will be identified as having a moderate or 
high risk of vitamin D deficiency via the validated Des-
chasaux questionnaire [20]. This simple and effective 
screening tool is designed to assess an individual’s risk of 
vitamin D insufficiency in adults. It makes use of a scor-
ing system based on key factors known to influence vita-
min D status, including age, skin phototype, body mass 
index (BMI), physical activity level, sun exposure habits, 
and dietary vitamin D intake. The questionnaire will be 
given during the initial screening visit, and based on the 
responses, a total score will be calculated. Higher scores 
indicate a greater risk of vitamin D insufficiency. A score 
between 7 and 9 indicates a moderate risk of vitamin D 
insufficiency, while a score greater than 9 indicates a high 
risk of vitamin D insufficiency [7]. A score equal to or 
greater than 7 will satisfy the eligibility criteria.

Demographic, diet and exercise questionnaire
The participants will be asked a series of questions to 
gather demographic information. This will generate 
data for potential covariates. The most important infor-
mation will include participant BMI, sex, age, body fat, 
dietary vitamin D intake, UV exposure levels (moni-
tored through location information), skin type, ethnic-
ity, and exercise habits. Although these factors will not 



Page 8 of 11Hibbard et al. Trials           (2025) 26:59 

determine to which group participants will be assigned, 
the randomisation process is expected to inform the final 
demographic analysis. Further analysis may also be per-
formed if confounding factors such as BMI, percentage 
body fat, age, ethnicity, and initial vitamin D serum levels 
significantly impact the study outcome.

Blood sampling
A trained phlebotomist will collect venous blood (max. 
3 × 10 mL) from a peripheral vein. Serum vitamin D lev-
els 25(OH)VD3 and relevant vitamin D metabolite con-
centrations in blood serum will be determined using 
ELISA and/or gas/liquid mass spectrometry analysis. 
Plasma calcium concentration will be determined in trip-
licate based on colourimetric methods. Parathyroid hor-
mone and vitamin D-binding protein levels will also be 
determined using ELISA assays. Once collected serum 
and plasma samples will be logged and stored at − 80 °C 
until analysis.

Skin interstitial fluid (ISF) extraction
ISF samples (max. 3 × 150 µL) will be collected from 
the inner side of the forearm for the determination of 
VDBP levels at the skin sites where the patches have 
been applied. ISF samples will be collected under hypo-
baric pressure (510 mBar) using an in-house designed 
extraction chamber and hand pump fitted with manom-
eter. VDBP level will be determined using a commercial 
ELISA testing kit. Samples will be logged and stored 
at − 80 °C until analysis.

Transepidermal water loss
TEWL will be measured in triplicate at each study visit 
using a AquaFlux AF200 condensing chamber probe 
(Biox Systems Ltd., UK) as a means of measuring skin 
barrier dysfunction and skin irritation.

Fingernail imaging
Images of fingernails from the whole hand will be taken 
using a digital camera as a means of monitoring visual 
changes.

Genetic variation profiling
We will collect biological samples to generate profiles of 
genetic variation in participants to investigate the rela-
tionship between genetic variation and specific meas-
ured traits. Participants will be asked to use an Oragene 
saliva sample tube. These will be stored at − 20  °C until 
analysis will be performed. If this fails for any reason, a 
similar analysis will be performed on blood samples that 
have already been collected for the other analytical meas-
urement. DNA extraction from these samples will be 
performed using standard protocols appropriate to the 

source of the sample. Following DNA extraction, geno-
typing will be conducted using microarrays, a reliable 
and widely accepted technique for simultaneously identi-
fying genetic variants across the genome. Once the geno-
typic data is obtained, association testing will be carried 
out. This process will evaluate the correlation between 
the genetic variants identified and the traits measured in 
the study, allowing us to ascertain potential genetic con-
tributions to these traits.

Data management
All study participants will be allocated a unique study 
identification number so that researchers will not have 
access to subject-identifiable information. Study data, 
patient contact details, and patient medical informa-
tion will be entered onto a secure password-protected 
research database (provided by: REDCap®). Copies of 
protocols, case report forms, physiological test results, 
participant correspondence, informed consent docu-
ments, and other files relevant to the study will be kept 
securely by the Principal Investigator for at least 15 years 
following the completion or discontinuation of the 
research study. All data recording and retention will com-
ply with King’s College London policies for sensitive data.

Confidentiality
All study staff will endeavour to protect the privacy and 
consent rights of the participants and will adhere to the 
Data Protection act, 2018. Access to study information 
will be limited to study staff, investigators, and trial con-
duct auditors.

Statistical methods for primary and secondary outcomes
Descriptive statistics on participants’ demographics and 
baseline clinical characteristics will be provided using 
frequency and percentage or mean or median and range 
in both parts of the study. The first part of the study 
focuses on safety endpoints. Frequency and percentage of 
occurrence of adverse events and calcium > 12 mg/dL or 
25(OH)VD3 > 60 ng/ml will be reported in the first cohort 
of 6. If there are serious adverse events in 2 or more of 
participants, the dose will not be safe. The secondary 
outcome is efficacy, the change in 25(OH)VD3. Partici-
pants with a 25(OH)VD3 change less than 2 ng/ml will be 
reported as frequency percentage. If the 2 ng/ml change 
is observed in less than 75% of participants, the dose will 
be considered ineffective after 4 weeks. The decision for 
second cohort dosing will be made according to these 
results. The safety and efficacy of second cohort will be 
reported similar to the first cohort.

For the second part of the study, an interim analysis is 
planned when 50% of the participants have completed 
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4 weeks. The mean change in 25(OH)VD3 in each treat-
ment arm will be tested against the placebo arm using a 
z-test. Two treatment arms will be dropped and the treat-
ment arm with the highest observed response as com-
pared to placebo will be selected for testing at the second 
stage. As multiple doses are compared to the shared con-
trol, multiplicity adjustment will be considered in the 
first stage, and familywise error rate (FWER) will be con-
trolled at 2.5%. Therefore, the probability of incorrectly 
rejecting the null hypothesis for at least one experimental 
arm is 0.025. If the z-value of the test is greater than 2.797 
in stage 1, the treatment arm will be considered effica-
cious. At the final stage, the endpoints of the treatment 
arms against placebo will be tested using an independ-
ent sample t-test. For secondary outcomes such as VDBP 
levels in the blood and ISF, similar analysis will be per-
formed. The outcomes may be normalised for confound-
ing factors such as BMI, age, ethnicity, and initial vitamin 
D serum levels. Descriptive statistics will be reported for 
the number of vitamin D patches used in each arm at 
weeks 2, 4, and 8. All statistical analysis will be conducted 
using RStudio.

Data monitoring
Data monitoring: formal committee and interim analysis
A data monitoring committee consisting of a chair, cli-
nician, and statistician independent of the researchers 
will monitor the running of the trial. The committee will 
ensure consent, data collection, and recording of results 
are accurate to ensure  the reliability of the trial. The 
monitoring committee will undertake interim data analy-
sis between Part 1a and 1b and halfway through Part 2 
to decide on the trial dosing and review side effects, trial 
withdrawals, and trial conduct. In addition, the commit-
tee has the power to terminate the trial in case of partici-
pant safety incidents as detailed below.

Adverse event reporting and harms
The safety and tolerability of the vitamin D phosphate patch 
will be monitored throughout the study. Patients will be 
asked to report any adverse events or changes to their 
health status during the study visits and encouraged to 
contact the research team via the designated study email 
address outside of these times if required.

Possible adverse events occurring due to this study are 
expected to be the same as those reported following the 
administration of vitamin D by other routes. Accord-
ing to vitamin D “Summary of Product Characteristics” 
possible adverse events of vitamin D supplementation 
include:

•	 Metabolic: hypercalemia, hypercalciuria (uncom-
mon, 0.1–1%)

•	 Dermatologic: pruritis, rash, urticaria (rare, < 0.1%)
•	 Gastrointestinal: nausea, vomiting (frequency not 

reported)
•	 Hypersensitivity: angioedema, laryngeal oedema 

(frequency not reported)

This information will be included in the study infor-
mation leaflet to aid participants in identifying adverse 
events.

Adverse events will be recorded using the standard-
ised MEDDRA (https://​www.​meddra.​org/​how-​to-​use/​
basics/​hiera​rchy) protocol and will include the time 
and date of the event, duration, symptoms, and severity. 
The MEDDRA classification guides the team on assess-
ing the action required, from no medical attention being 
required, non-urgent medical attention being required, 
or urgent medical attention being required. All MDDRA 
Class 2 adverse drug reactions (ADRs) and above will be 
reported to the principal investigator of the study. The 
team will use the MDDRA classification to aid referral 
to medical services. In cases of doubt, participants with 
ADRs will be referred for medical attention.

Participant follow‑up
If participants withdraw from the study, the reason for 
withdrawal will be recorded. Participants will be encour-
aged to report when  any adverse effects that persist 
beyond withdrawal have been resolved.

Auditing
The independent data monitoring committee will per-
form auditing and review of the study activity through 
the inbuilt auditing and monitoring feature in the 
research database. In particular, the committee will be 
responding to queries raised by the study facilitators and 
managing any discrepancies in study records or data. 
The data monitoring committee will meet after complet-
ing Part 1a and 1b and part way through Part 2. Trial 
results will be reviewed with respect to primary and sec-
ondary outcome measures and decisions made regard-
ing any dose changes for subsequent parts. In addition, 
side effects, trial withdrawals, and trial conduct will be 
reviewed. Reports detailing the presentation of adverse 
events, participant drop out will be sent to the data mon-
itoring committee via traceable means. External auditors 
will be afforded full access to electronic and written study 
records if required.

Discussion
TransVitD aims to assess the ability of a vitamin D phos-
phate transdermal patch to safey  improve vitamin D 
status in healthy volunteers. It is anticipated that supple-
mentation via the skin can use the transport machinery, 

https://www.meddra.org/how-to-use/basics/hierarchy
https://www.meddra.org/how-to-use/basics/hierarchy
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i.e., the vitamin D-binding protein, present in the tissue 
to facilitate effective absorption [12]. The study adds to 
the limited amount of pilot clinical work that suggests 
that transdermal vitamin D could be a useful means to 
deliver this important vitamin [22]. As far as we are 
aware, no other vitamin D phosphate-based transdermal 
patch formulation has been tested in a double-blinded, 
placebo-controlled human clinical trial.

 After  pilot dose escalation, a  double-blind, placebo-
controlled supplementation trial will be initiated to inves-
tigate the blood serum 25(OH)VD3 levels after applying a 
vitamin D phosphate transdermal patch. This is a stand-
ard means to determine the effectiveness of vitamin D 
dosing during an interventional trial. However, the study 
will also measure both local and systemic VDBP concen-
trations. Recent work on vitamin D generation by UV-
irradiation in VDBP knock-out animals has shown that 
the VDBP is essential to carry vitamin D synthesised in 
the skin out of the tissue and into the systemic circula-
tion [14, 23]. Therefore, it was hypothesised in this work 
that the VDBP could be important in the absorption and 
transport of vitamin D administered into the skin using 
a transdermal patch. In the second part of the study, we 
added genetic analysis to search for associations between 
various biochemical processes that could improve or 
diminish an individual’s response to vitamin D in order 
to try and understand the positive or negative impact of 
VDBP facilitating the absorption after penetration into 
the skin.

The trial faces some challenges, such as anticipating 
the initial vitamin D status of the trial participants and 
monitoring the vitamin D intake from food and sunlight. 
However, we have implemented validated questionnaires 
and monitoring strategies to overcome these. Other 
potential covariates such as ethnicity, sex, age, weight, 
and % body fat of the participants will also be monitored 
to enable post-trial data processes to account for these 
factors. The long half-life and distribution of vitamin D in 
body fat complicates the blood sampling regimen. There-
fore, we have scheduled a participant sampling window 
of 2 weeks to allow sufficient time for vitamin D, relevant 
metabolites, and vitamin D-binding protein to reach 
steady state levels. Initial dosing was calculated consider-
ing a relative 15% transdermal bioavailability measured in 
rats, with the caveat that this could be reduced to 1.5% 
in humans, given the reduction in skin permeability com-
pared to rats. There is no literature that provides accurate 
allometric scaling from humans to animals for vitamin 
D absorption. As a consequence, the main focus of this 
work  was to optimise the vitamin D phosphate  trans-
dermal dose. The  study design allows up to five differ-
ent opportunities to get an appropriate dose and dosing 
interval in humans.

Relevant clinical data detailing the extent of transder-
mal delivery of vitamin D phosphate is required to con-
firm the preclinical evidence which shows the efficacy of 
transdermal supplementation. The results of this study 
may promote further investigation into transdermal 
delivery of phosphate esters due to their ability to modify 
the physicochemical properties of the parent drug tran-
siently prior to reverting back to the parent upon ester-
ase metabolism in the skin in a manner that enhances 
bioavilability.
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