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Abstract

Background Breast cancer-related lymphedema is a chronic condition affecting 15-30% of breast cancer patients,
resulting from treatment-related inflammation and fibrosis primarily mediated by CD4 +T-cells. Tacrolimus, an immu-
nomodulator, has shown efficacy in reducing lymphedema in both animal models and an initial clinical trial. This
study aims to validate these findings in a larger cohort, hypothesizing that tacrolimus will reduce lymphedema vol-
ume, fibrosis, and fluid retention while improving quality of life.

Methods This multicenter, double-blinded, randomized placebo-controlled trial will enroll 80 women with breast
cancer-related lymphedema stages | and Il. Participants will be randomized 1:1 to receive either 0.1% tacrolimus
ointment or a placebo ointment for 12 months. Primary outcome will be the change in lymphedema volume meas-
ured at baseline, 6 months, and 12 months. Secondary outcomes include quality of life assessed via SF- 36, DASH,
and LYMPH-Q Upper Extremity questionnaires; lymphedema index via bioimpedance spectroscopy; lymphatic func-
tion and flow via indocyanine green lymphangiography; and skin fibrosis measurement. Assessments will take place
at baseline, 3, 6,9, and 12 months.

Discussion This trial will provide robust data on the efficacy of topical tacrolimus in reducing BCRL volume

and improving patient quality of life. Positive results could establish tacrolimus as a standard treatment for BCRL,
potentially enhancing clinical outcomes for affected patients. The findings will also contribute to understanding
the role of immunomodulation in lymphedema management.

Trial registration This trial is registered with the EU Clinical Trials Information System (CTIS) under EU CT Num-
ber: 2023-503644 - 13-00 (approved 16.05.2024) and ClinicalTrials.gov under identifier NCT06306274 (registered
12.03.2024).

Keywords Breast cancer-related lymphedema, Breast cancer, Tacrolimus, Inflammation, Quality of life, Randomized
controlled trial
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Administrative information

Note: the numbers in curly brackets in this protocol refer
to SPIRIT checklist item numbers. The order of the items
has been modified to group similar items (see http://
www.equator-network.org/reporting-guidelines/spirit-
2013-statement-defining-standard-protocol-items-for-
clinical-trials/).
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Introduction

Background and rationale {6a}

Breast cancer-related lymphedema (BCRL) is a feared
and life-long sequelae to breast cancer treatment
affecting 15-30% of patients treated for breast cancer,
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depending on the treatment [1]. Symptoms of BCRL
include limb swelling, pain, trophic skin changes, feeling
of heaviness, restricted range of motion, and emotional
distress, which all compromise activities of daily living
and quality of life (QoL) [2]. BCRL is caused by an insuffi-
ciency of the lymphatic capillaries which leads to disrup-
tion of lymphatic flow when the lymphatic load exceeds
the transport capacity in the lymphatic vessels. It leads
to retention and accumulation of excess water containing
filtered plasma proteins, extravascular blood cells, and
stromal cell products in the axilla and limb, which results
in an inflammation process that ultimately culminates in
fibrosis and deposition of adipose tissue [3].

Lymphedema can be staged according to International
Society of Lymphology (ISL) [4]. Stage 0, subclinical
lymphedema. A latent phase where swelling is not appar-
ent despite an impaired lymphatic transport. Swelling
emerges in stage 1 due to accumulation of protein-rich
fluid but subsides with limb elevation. Pitting may be pre-
sent. The swelling is more permanent in stage II and do
not subside with limb elevation. Pitting is present in the
early stage II and subcutaneous fat and fibrosis is formed
in the later stage II. Stage III is lymphostatic elephantiasis
and is accompanied by trophic skin changes and contin-
ued fibroadipose tissue formation. Major risk factors for
the development of BCRL include lymphadenectomy,
radiation therapy, and higher BMI (> 25) [5, 6].

Conservative management of BCRL includes complete
decongestive therapy (CDT), manual lymphatic drainage
(MLD), and compression therapy [3, 4]. Surgical treat-
ment modalities such as lymphovenous anastomosis and
lymph node transplantation are currently used to treat
BCRL; however, the evidence on the effect is sparse [7].
Ultimately, no definite curative treatment of BCRL is
available [4].

The literature suggests that CD4 + T-cells play a critical
role in the development of BCRL by promoting inflam-
mation and fibrosis and by inhibiting lymphangiogenesis
through the production of interferon-y, interleukin- 4,
and transforming growth factor-p1 [8, 9]. Furthermore, a
correlation between the infiltration of CD4 + T-cells and
the degree of fibrosis and severity of lymphedema have
been shown [10, 11].

Topical tacrolimus is an immunomodulating macrolide
used in the treatment of multiple skin diseases, including
atopic dermatitis, vitiligo, and psoriasis [12—14]. Tacroli-
mus inhibits calcineurin’s phosphatase activity in T-cells,
which ultimately leads to decreased T-cell activation,
proliferation, and differentiation [15].

A trial conducted on mice with induced lymphedema
treated with topical tacrolimus showed a decrease in
lymphedema volume as well as reduced inflammatory
infiltration, reduced degree of fibrosis, and increased
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lymphangiogenesis and lymphatic function after treat-
ment with topical tacrolimus [16]. Based on this trial, we
conducted a clinical trial where 18 females with BCRL
stage I and II (ISL) were treated with topical tacrolimus
for 6 months [17]. The results from this trial showed a
significant volume reduction, decrease in excess fluid,
and an increase in QoL. The trial design proved to be
feasible and topical tacrolimus proved to be safe in the
patients.

Based on the promising results from these trials, we
now want to conduct a randomized placebo-controlled
trial to confirm these findings. We hypothesize that tac-
rolimus ointment reduces lymphedema volume, degree
of fibrosis, and excessive fluid and that the treatment
increases QoL in the patients.

Objectives {7}

The objective of this trial is to evaluate and confirm the
previously observed effect of topical tacrolimus on stage
I and II breast cancer-related lymphedema (BCRL). Spe-
cifically, we aim to compare the impact of tacrolimus
ointment to a placebo ointment on various parameters
including lymphedema volume, QoL, lymphatic flow and
function, skin fibrosis, and excess water accumulation in
the affected limb. The primary endpoint, assessed at the
12-month follow-up, focuses on achieving a minimum of
10% reduction in lymphedema volume, a threshold based
on findings from our pilot trial [17], where a similar
reduction was observed alongside improved QoL. While
volume reduction is an important objective measure, we
acknowledge that it does not necessarily correlate directly
with QoL improvement [18]. We hypothesize that this
volume reduction will lead to a significant improve-
ment in both subjective and objective symptoms associ-
ated with lymphedema. Additionally, we anticipate that
patients may experience a reduction in the need for other
concomitant lymphedema treatment modalities.

Trial design {8}

The trial is designed as a multicenter, double-blinded,
randomized placebo-controlled superiority trial with two
parallel groups and a primary endpoint of lymphedema
volume. Randomization will be performed as block ran-
domization with a 1:1 allocation. The population of the
trial will include of women with BCRL ISL stage I or IIL.
A total of 80 patients will be included. The patients will
be treated with tacrolimus ointment or placebo once
daily for 6 months followed by a maintenance period
of 2 weekly applications for 6 months. Patients will be
assessed at baseline and after 6 and 12 months.
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Methods: participants, interventions and outcomes
Study setting {9}

The patients will have a 12-month follow-up period at
either of the centers: Department of Plastic Surgery,
Odense University Hospital, Denmark; Department of
General- and Plastic Surgery, Lillebaelt Hospital, Vejle,
Denmark; or Department of Plastic- and Breast Surgery,
Zealand University Hospital, Roskilde, Denmark.

Eligibility criteria {10}

Inclusion criteria

Patients eligible for the trial must comply with the follow-
ing: female, age > 18 years, BCRL ISL stage I or II, pitting
edema, postmenopausal or use of contraceptive drugs,’
healthy opposite arm, L-Dex score >10, lymphedema
volume®> 10% of healthy arm, comprehension of Dan-
ish. Patients who meet any of the following must be
excluded from the trial: pregnant,’® breast-feeding, or
aiming to conceive within the next year, bilateral breast
cancer, contralateral lymphadenectomy, allergy to tac-
rolimus, macrolides, or iodine, pacemaker known kidney
or liver disease, defect skin-barrier on the affected arm,
diagnosed immunodeficiency or treated with immuno-
suppressive medicine, no previous surgical treatment for
lymphedema.

Who will take informed consent? {26a}

Patients referred to us or who contact us will receive
both oral and written information about the project,
along with an assessment of their eligibility criteria. Writ-
ten information will be included in the summons letter
for their first appointment, where eligibility criteria will
also be assessed. Before any assessment takes place, the
principal investigator (PI) or another designated medical
doctor will provide written and oral information to the
patients. Patients will be informed of their right to 24 h
of consideration time before deciding whether they wish
to participate. Participants will be informed of their right
to withdraw from the study at any time without conse-
quence. Clear procedures for withdrawal will be out-
lined in both written materials and during the informed
consent process. Participants can express their desire to
withdraw verbally or in writing to the research team. Any
further participation in the study will cease.

! Absence of menstruation in at least 12 consecutive months or continuous
usage of contraceptive drugs (Spiral, birth-control pills, implant, transder-
mal patches, vaginal ring, or depot injection).

% Lymphedema volume: difference in volume between the lymphedema
arm and the healthy arm; measured with water displacement volumetry.

3 At inclusion, a pregnancy test will used to ensure that patients of child-
bearing age are not pregnant.
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Additional consent provisions for collection and use

of participant data and biological specimens {26b}

Not applicable. There is no collection of data or biologi-
cal specimens for ancillary studies.

Interventions

Explanation for the choice of comparators {6b}

In our previous study, tacrolimus was tested without
a comparator to assess feasibility and initial efficacy in
reducing BCRL. The study provided promising results
but lacked a comparator to definitively determine the
effect of tacrolimus. To gain certainty on the potential
efficacy of tacrolimus, we have chosen to use a placebo
ointment as the comparator in this trial.

The placebo ointment has been specifically developed
to mimic the appearance, texture, and application of
tacrolimus ointment, ensuring that any observed effects
can be attributed to the active ingredient rather than the
vehicle or the application process. The use of a placebo
comparator is essential to eliminate bias and establish a
clear understanding of tacrolimus’s impact compared to
no active treatment.

Intervention description {11a}

Included patients will be treated with either the inves-
tigational medicinal product (IMP) tacrolimus oint-
ment (0.1% tacrolimus) or placebo ointment for 12
months. The concentration of 0.1% is based on our pilot
trial, which showed a clinically meaningful reduction in
lymphedema volume and improved quality of life with
minimal adverse effects. This concentration has a well-
established safety profile in dermatological use, with
low systemic absorption (< 1.0 ng/mL), and a preclini-
cal study supports its efficacy in reducing inflammation
and fibrosis. A lower dose was not considered due to
uncertainty about its effectiveness. Topical tacrolimus is
currently solely approved in the treatment of atopic der-
matitis by the Danish Medicines Agency; thus, this inter-
vention will be an off-label treatment. The patients will be
instructed how to apply the ointment in a thin layer cov-
ering the axilla, arm, and hand once daily throughout the
trial. This regime leans towards the current recommen-
dations for treatment of atopic dermatitis and already
has an established safety profile. Participants will be
instructed to not to use compression-sleeves or any other
compression treatment until 2 h after application; avoid
direct sun exposure to the applicated site until 2 h after
application and minimize exposure from the sun during
treatment; avoid ultraviolet (UV) light from tanning beds
and treatment with UV-A or UV-B light in combination
with psoralens (PUVA); use sunscreen on the application
site and/or to stay in the shade to avoid direct sun expo-
sure; and not to use emollient cream on the application
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site 2 h before and 2 h after tacrolimus application; fer-
tile females on contraceptive drugs are recommended
to continue the use of contraceptives for at least 3 weeks
after last treatment.

Criteria for discontinuing or modifying allocated
interventions {11b}

If a patient experience unexpected adverse reactions out
of this period, PI and sponsor will decide if the patients
should pause the treatment for 7 days or if they should
discontinue the treatment. Treatment with tacrolimus
ointment is in general well-tolerated and is not expected
to have an increased risk of serious adverse events due to
the low systemic absorption of tacrolimus at this dosage
(< 1.0 ng/mL).

Strategies to improve adherence to interventions {11c}

The patients will be asked to note whenever they forget
or do not apply the ointment. The number of days the
patients have not used the ointment will be recorded at
every follow-up consultation to assess adhesion to inter-
vention (compliance). The patients will be requested to
deliver any unused or partially used drug to investigator
with the purpose of appropriate disposal and destruction,
and to confirm adhesion to intervention. The investiga-
tional medicinal product (IMP) is given to the patients at
baseline and ad hoc dependent on the individual use.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Patients enrolled in the trial are allowed to concomitant
lymphedema treatment (e.g., compression, MLD, CDT);
however, patients must not use compression garments
72 h prior to consultations. Surgical or medicinal treat-
ments (experimental or not) for lymphedema are not
allowed. We do not find any ethical concerns regarding
the restriction of surgical or experimental treatments, as
this ensures that any observed effects can be attributed
to the intervention. Additionally, the 72-h pause in com-
pression therapy before consultations follows standard
clinical practice and has not been associated with wors-
ening of lymphedema symptoms.

Provisions for post-trial care {30}

Although the local application of topical tacrolimus has
a very low systemic availability, a comprehensive post-
treatment follow-up corresponding to 3-5 half-lives of
tacrolimus, estimated at approximately 75 h, is deemed
relevant to detect any potential adverse reactions related
to the treatment. Thus, during the last 10 days prior
to their final follow-up appointment, patients will be
instructed to refrain from applying the ointment. This
enables us to assess any post-treatment adverse events.
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The patients are covered by the Danish patient insur-
ance system and will be covered by the Danish act on the
right to complain and receive compensation and will be
covered by the right to compensation for treatment and
medicine-related injuries, should any unexpected injuries
of incidents should occur during the trial.

Outcomes {12}
Primary outcome measure

Lymphedema volume Lymphedema volume is defined
as the difference in volume between the healthy arm and
the lymphedema arm. Lymphedema volume is measured
with water displacement volumetry (WDV), a precise
and validated method [19]. This method follows from
the Archimedes principle, a physical law of buoyancy.
We will use Bravometer (Novuqare BV, PJ Horst, NL).
In brief, the patient lowers the arm in a basin filled with
water, which cause an equal volume of water to displace
into another basin. The amount of displaced water is
then measured in grams and converted to milliliters (1:1).
Lymphedema volume is measured at baseline and at 3, 6,
9, and 12 months. Lymphedema volume as primary end-
point will be evaluated at 12-month follow-up.

Secondary outcome measures

Patient-Reported Outcome Measures (PROM) PROM
is a tool to understand and optimize treatment based on
patients’ subjective measures. It is key in understand-
ing and setting goals of achievement in treating patients.
PROMs are obtained using questionnaires. We intend
to use three independent questionnaires, validated and
translated to Danish, to assess QoL:

The 36-Item Short Form survey (SF- 36) is a generic
quality-of-life questionnaire that includes eight
domains on general health: physical functioning,
body pain, role limitations due to physical health
problems, role limitations due to personal or emo-
tional problems, emotional well-being, social func-
tioning, energy or fatigue, and general health prob-
lems [20]. The questions are answered on a three-,
five-, and six-step scales with binary (yes/no) answers
depending on the question.

Disability of the Arm Shoulder and Hand (DASH) is
a questionnaire developed for patients with disabili-
ties of the upper limb [21, 22]. It includes 30 ques-
tions about the patient’s symptoms and function of
the upper limb. The questions are answered on a five-
step scale from not difficult to impossible.
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LYMPH-Q Upper Extremity is a disease specific
questionnaire developed for women who have devel-
oped lymphedema after breast cancer [22, 23]. It con-
tains six independently functioning scales measuring
arm symptoms, function, appearance, psychological
function, and satisfaction with information and with
arm sleeves. The seven scales vary from nine to 15
items and are all answered on a four-step scale.

All questionnaires are answered on iPads in-clinic at
baseline, 3, 6, 9, and 12 months.

Bioimpedance spectroscopy (BIS) BIS is a method to
measure the impedance of the extracellular fluid in an
extremity [24]. With the use of SOZO® (ImpediMed,
Brisbane, Australia) along with the manufacturer’s soft-
ware, we will measure how the body impedes current
flow in the upper extremities though electrode pads
where the patients place their hands and feet. The meas-
ured outcome is lymphedema index (L-Dex). L-Dex > 10
is defined as lymphedema in this study. L-Dex values
within the interval (—)10-10 are considered normal, and
values >10 are considered abnormal [25]. The follow-
ing variables are furthermore measured by the device:
extracellular fluid, intracellular fluid, total body water, fat
mass, active tissue mass, extracellular mass, and skeletal
muscle mass. The variables will be reported in percent-
age (%) of total body water or body weight accordingly.
BIS will be measured at baseline and at 3, 6, 9, and 12
months.

Indocyanine green lymphangiography (ICG-L) Indo-
cyanine green (ICG) emits near infrared fluorescence
and allows for a real-time imaging of lymphatic func-
tion and flow when using a near infrared camera. ICG-L
is achieved by injecting 0.1 mL ICG (2.5 mg/mL Ver-
dye, Diagnostic Green, Aschheim, Germany) subcuta-
neously in the web space between the thumb and index
finger, between the 3rd and 4th finger, and at the ulnar
border of the palmaris longus tendon at wrist level. Fluo-
rescent imaging of the lymph vessels and lymph flow is
obtained using HyperEye Medical System (MNIRC- 501,
HEMS; Mitzuho Co., Tokyo, Japan). ICG-L scans will be
recorded at 0, 10, and 60 min after injection. ICG-L scans
are graded individually by two senior consultants accord-
ing to the 5-step MD Anderson (MDA) scale, which we
previously used to validate ICG-L [26]. In cases of dis-
crepancy, a consensus agreement will be reached after
reevaluation. ICG-L will be done at baseline and at 12
months.

Skin fibrosis measurement Skin fibrosis is measured
with SkinFibroMeter (SFM) (Delfin Technologies Ltd.,



Hansen et al. Trials (2025) 26:127

Finland). The SFM measures the force (N) of the resist-
ance in the indurated skin caused by fibrosis through an
indenter at the tip of the probe. The indenter is pressed
shortly against the skin five times repeatedly. The con-
tralateral arm is used as reference for the measurements.
SEM have previously been used and have proven to cor-
relate significantly with lymphedema stage [27].

Participant timeline {13}
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group. We expect a drop-out rate at between 5 and
10% (7.5%) which leaves us at 80 patients in total.

Recruitment {15}

Patients will be recruited through various channels to
ensure broad access to potential participants. Recruit-
ment efforts include:

STUDY PERIOD

Enrollment Post-allocation
Timepoint Allocation | Baseline | 3 months | 6 months | 9 months | 12 months
ENROLLMENT:
Elegibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Tacrolimus >
Placebo >
ASSESSMENTS:

Baseline characteristics

Medical anamnesis

Arm volume X X
SF-36 questionnaire X X X X
DASH questionnaire X X X X
LYMPH Q questionnaire X X X X
Bioimpedance spectroscopy X X
ICG lymphangiography X
Skin fibrosis measurements X X
Safety (adverse events) X X X X

Sample size {14}

Based on the results from our pilot trial, we expect to
observe a 10% decrease in lymphedema volume with a
standard deviation of 15%. Given these assumptions, a
two-sided test with 80% power and a significance level
of 0.05, we need 74 patients with 37 patients in each

1. Referral from healthcare professionals: Patients will
be referred to the department as part of the normal
workflow, as we already treat lymphedema. Refer-
rals may come from physiotherapists, doctors, and
other healthcare professionals involved in the care of
patients with lymphedema.
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2. Hospital promotion and patient associations.

3. Referral from general practitioners: Patients who
wish to participate can obtain a referral from their
general practitioner to our department.

4. Self-referral: Patients interested in participating can
contact us directly via the email provided on the
information materials.

Patients will be informed of their right to 24 h of con-
sideration time before deciding whether they wish to
participate. Participants will be informed of their right
to withdraw from the study at any time without conse-
quence. Clear procedures for withdrawal will be out-
lined in both written materials and during the informed
consent process. Participants can express their desire
to withdraw verbally or in writing to the research team.
Any further participation in the study will cease. The
screening of possible participants and enrollment will
extend over 18 months or until the target of 80 patients
is achieved.

Assignment of interventions: allocation

Sequence generation {16a}

The randomization lists used in REDCap will be gen-
erated by a data manager at OPEN (Open Patient data
Explorative Network, J. B. Winslews Vej, Odense, Den-
mark), using the Sealed Envelope system [28]. Block
randomization with random block sizes of 4 and 8 will
ensure an equal distribution in both arms. No strata
will be used for randomization.

Concealment mechanism {16b}

To ensure concealment, block sizes will not be dis-
closed. Moreover, REDCap will not release the out-
come of the randomization until the patient has been
included and baseline measurements have been com-
pleted. The randomization-lists will remain undisclosed
for the investigators until the end of the trial. However,
a hard copy of the randomization list will be available
in case of system failure and the need for emergency
unblinding.

Implementation {16c}

At inclusion, patients will be randomly assigned to
either experimental or control group with a 1:1 alloca-
tion using computer generated randomization through
REDCap [29] hosted by OPEN. PI and delegated per-
sonnel will be responsible for inclusion and allocation
to intervention.
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Assignment of interventions: blinding

Who will be blinded {17a}

The tacrolimus ointment and the placebo will be labeled
for randomization and then sealed and delivered at the
four centers in identical boxes to ensure blinding of the
assessor at the enrolment and follow-up consultations.
The participants will not be able to compare placebo
tubes to the tacrolimus tubes during the trial.

Procedure for unblinding if needed {17b}

The investigators are encouraged to maintain the blind-
ing throughout the trial. In the event of an emergency,
the decision to unblind rests with the investigator.
Unblinding is not necessarily a reason for study drug
discontinuation. PI will have access to a hard copy of
the blinding list, should it be necessary.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Data will be obtained by PI or personnel delegated by
PI or sponsor. The following demographic and base-
line information will be collected at enrolment: age,
BMI, menopausal status, medical history (breast cancer
treatment details, previous lymphedema treatments,
comorbidities), and lymphedema-specific parameters
(disease duration, initial limb volume difference, L-Dex
score, skin fibrosis measurements, and lymphatic func-
tion via ICG-lymphangiography). The data on breast
cancer treatment will be obtained through the patient’s
medical record. The data on the primary and secondary
outcomes will be obtained and entered directly in the
eCRF at baseline and 3-, 6-, 9-, and 12-month follow-
up consultations. The primary outcome measured with
WDV will be noted directly in the eCRF upon measure-
ment. The questionnaires will be answered online via
REDCap (available through a link sent to the patients’
Digital Post; an integral part of the national digital ser-
vice infrastructure in Denmark) and the answers are
uploaded directly to the eCRFE. Results from SOZO®
(L-Dex and body composition) will be transferred
directly to a cloud-based database, from where it will
be entered in the eCRF. Skin fibrosis measurements
will be performed in-clinic and registered directly into
the eCRF. Information on adhesion to intervention
and adverse events will be obtained at 3-, 6-, 9-, and
12-month follow-ups at registered in the eCRF.

Plans to promote participant retention and complete
follow-up {18b}

The patients will receive an e-mail reminder 1 week prior
to each visit to increase retention to the study.
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Data management {19}

In this study, all data will be entered and stored electroni-
cally in the electronic case report form (eCRF) through
REDCap. Data will be analyzed at the end of the project
and will be stored 25 years afterwards.

Confidentiality {27}

Sensitive personal data in this study is treated confiden-
tially according to the Danish act on processing of per-
sonal data and the Danish Health Act. Applications for
the study are reported to the Regional Data Processing
Record, Danish National Committee on Health Research
Ethics, and Danish Medicines Agency before starting.

The patients’ names and social security numbers will
be kept classified when publishing results of this study.
Participants will be informed that the relevant authori-
ties will be given access to their data with the purpose of
inspection, monitoring, and auditing.

The signed consent forms will be kept with investigator.
Investigator is also required to show the consent forms if
demanded by patients or relevant authorities. The GCP
unit in Odense, Danish Medicines Agency, and other rel-
evant authorities are given direct access to data and doc-
umentation by investigator.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable. There will not be taken any biological
samples in this study.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The Breast Q, DASH, and SF- 36 raw scores will be trans-
formed into scores ranging from 0 (worst) to 100 (best)
using the original scoring key. Analyses will be chosen
according to the specific outcome. Numerical data will
be assessed for normality. If they meet the normality
assumptions, we will use mixed effects linear regression.
If not, mixed effect linear regression with bootstrapped
standard errors will be used. Continuous parametric
variables will be expressed as mean + standard deviation,
and categorical variables will be expressed as frequency
and percentage (%).

Interim analyses {21b}
In this trial, no interim analyses are planned due to the
expectation that participant inclusion will be completed
in a short period of time, resulting in clusters of results
being available within the same month or two.

Based on findings from our pilot trial and the
established safety profile of tacrolimus as a safe and
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well-tolerated drug, we do not anticipate significant
safety concerns. Nevertheless, any participant experi-
encing adverse events incompatible with continuing the
study will be discontinued from the trial to ensure their
safety.

Since no interim analyses will be performed, there will
be no interim results reviewed. The sponsor will ulti-
mately have the final decision-making authority regard-
ing the continuation or termination of the trial based on
overall safety and efficacy data collected during the study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

We will conduct subgroup analyses to assess the treat-
ment effect of tacrolimus based on lymphedema dura-
tion, categorizing patients into 2-year intervals to explore
whether disease duration influences treatment response.
Additionally, we will examine whether the treatment
effect varies based on the tissue composition features
of the lymphedema, specifically distinguishing between
fibroadipose tissue and fluid retention if possible.

The pathology of lymphedema, particularly the chronic
aspects involving fibrosis and adipose tissue formation,
is not fully understood. We hypothesize tacrolimus to be
more effective in the earlier stages of lymphedema where
fluid retention is predominant. These analyses will help
determine if the treatment should be targeted to a spe-
cific subpopulation of lymphedema patients based on
the duration of their condition and tissue composition
features. Based on findings from our pilot trial and the
homogeneity of the study population, we do not antici-
pate significant confounding variables that would neces-
sitate adjustment in our primary analysis. However, we
will remain vigilant for any unforeseen confounders that
might arise during the study and will address them as
needed.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
The study aims to prevent missing data given the nature
of the study. Data from our previous trial demonstrated
high compliance, with 77.8% of participants adhering
to over 97% of the treatment regimen and the remain-
ing participants maintaining compliance rates between
78 and 92.8%, and we expect a similar compliance in
this trial. At random missing data will be handled by the
mixed linear models used in the statistical analyses, and
we will conduct sensitivity analyses to assess the impact
of different missing data assumptions, ensuring the
robustness of our findings. All randomized patients will
be included in the final analysis based on an intention-to-
treat approach, analyzing them according to their origi-
nal treatment assignment regardless of adherence.
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Plans to give access to the full protocol, participant-level
data and statistical code {31c}

The full protocol will be available through the Clinical
Trials Information System (CTIS). Making the protocol
accessible through CTIS ensures transparency and allows
other researchers to understand the study design and
methodologies used, thereby facilitating replication and
further research.

Participant-level data will be made available to quali-
fied researchers upon reasonable request following the
publication of the primary results. Access will be granted
under a data sharing agreement to ensure the confi-
dentiality and appropriate use of the data. Interested
researchers can request access by contacting the princi-
pal investigator.

The statistical code used for the analyses will not
be publicly available. However, it will be thoroughly
reviewed and approved by a qualified statistician during
the analysis and manuscript preparation stages.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The sponsor has overall responsibility for the study. The
primary investigator (PI) is responsible for the day-to-
day management of the trial and coordination with other
trial sites. The sponsor and PI maintain daily contact to
ensure smooth trial operations. Each trial site has a des-
ignated responsible trial site investigator who reports to
the PI and sponsor. The PI is responsible for updating
all members of any protocol changes or important trial
information as it arises.

The Trial Steering Committee consists of the PI,
sponsor, and two additional clinicians and researchers
(one professor and one postdoctoral researcher), all of
whom have extensive experience with clinical trials and
lymphedema treatment. The roles of the sponsor and the
two additional members are to provide supervision and
guidance. The TSC meets approximately bimonthly to
oversee trial progress and make key decisions.

The PI, with the support of a qualified statistician from
OPEN, is responsible for data management. The data
management team communicates on an ad hoc basis and
will hold a formal meeting once all data is collected after
the last patient’s last visit to review and finalize the data.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The Good Clinical Practice (GCP) unit in Odense, Region
of Southern Denmark will be responsible for monitor-
ing, will audit the study, and oversee that the study is
conducted in accordance with the ethical principles in
the Declaration of Helsinki, ICH-GCP guidelines, and
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current legislation. The GCP unit will make a risk assess-
ment and a monitoring plan in cooperation with spon-
sor, PI, or a delegate. Personnel from the Danish National
Committee on Health Research Ethics, the Danish Medi-
cines Agency, and from other Danish health authorities
can monitor and audit the study.

Adverse event reporting and harms {22}

An adverse event (AE) is defined as any untoward medi-
cal occurrence in a subject to whom a medicinal product
is administered, and which does not necessarily have a
causal relationship with this treatment. All AEs reported
by the patients will be registered in the CRF. AEs will be
registered after the patients have given their consent and
are enrolled in the study. Mild skin irritation located to
the application site, erythema, warm feeling, pain, pares-
thesia, rash, and flushing are common adverse reactions
to tacrolimus. Mild burning sensation and itching occur
regularly in mild to intermediate intensity and are accel-
erated by sun exposure and alcohol. These symptoms
often fade after a week of treatment.

All AEs that meet the criteria for a serious adverse
event (SAE) during the trial will be reported to the Dan-
ish Medicines Agency. SAE is defined as any untoward
medical occurrence that at any dose requires inpatient
hospitalization or prolongation of existing hospitaliza-
tion, results in persistent or significant disability or inca-
pacity, results in a congenital anomaly or birth defect, is
life-threatening, or results in death. PI will report all SAE
to sponsor within 24 h.

The product resumé for tacrolimus “Accord” will be
used as reference to all reported adverse events. The
participants can report adverse events and reactions
throughout the project and will receive information on
how and who to contact if necessary. PI is responsible for
assessment of adverse events and reactions and responsi-
ble for assessment of relatedness of AEs. All participants
will be evaluated regarding to adverse events and reac-
tions up until the end of the project.

Suspected unexpected serious adverse reactions
(SUSAR) cover unexpected adverse reactions, and seri-
ous adverse events assumed to have an association to the
intervention.

PI will report SUSARs to sponsor as soon as possible
after confirmation of the SUSAR at a consultation and
registering it in the CRFE. Sponsor will be responsible
for assessment of expectedness and, therefore, whether
an event is a SUSAR and furthermore assessment of the
causality with the use of the product resumé for tac-
rolimus and is responsible for reporting the SUSAR to
EudraVigilance as soon as possible and not later than
7 days of after sponsor’s acknowledgement of a lethal or
life-threatening SUSAR at not later than 15 days after the
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acknowledgement of a non-lethal and non-life-threat-
ening SUSAR. Sponsor will report all relevant informa-
tion about sponsor’s and investigator’s follow-up on their
reporting. All reports must contain a comment on any
possible consequences for the project.

Sponsor will make a list of all suspected serious adverse
reactions that has occurred during the period of the pro-
ject including a report on safety of the participants once a
year. This job may be delegated to investigator.

Frequency and plans for auditing trial conduct {23}
The trial will be audited and monitored according to the
following plan:

Initiation visits: Each participating center will
undergo an initiation visit to ensure readiness and
compliance with trial procedures. Key areas of focus
will include the maintenance of screening and iden-
tification lists, delegation logs, and investigational
medicinal product (IMP) handling procedures.
Monitoring visits:

— The first monitoring visit will be conducted shortly
after the inclusion of the first two participants at
each center.

— Subsequent monitoring visits will be scheduled
based on the inclusion rate and the center’s needs,
with increased frequency during the inclusion
period.

— The GCP unit will maintain at least annual contact
with each center, ensuring ongoing compliance and
addressing any issues promptly.

Data and protocol compliance: Monitoring will
involve verifying that the protocol is correctly imple-
mented, and that data quality is maintained. This
includes checking all registered data and ensuring
protocol-specific actions are followed for the first
two participants and for a total of 10% of participants
at each center.

Final monitoring visits: A final monitoring visit will
be conducted at the sponsor’s location after all other
centers have completed their final visits. The GCP
coordinator will verify that the Trial Master File con-
tains all relevant documents for archiving.

Evaluation of monitoring plan: The monitoring plan
will be continuously evaluated and revised as neces-
sary based on findings from GCP unit monitoring,
central monitoring, or audits. This includes address-
ing changes such as protocol amendments, signifi-
cant non-compliance, inadequate data quality, or
major changes in project staff.

Page 10 of 13

The monitoring process will be independent of the
investigators and the sponsor to ensure unbiased over-
sight and adherence to regulatory requirements.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

Any modifications to the protocol that may impact the
conduct, safety, design, population, or procedures of the
study will require a formal modification (either substan-
tial modification or non-substantial modification) to the
protocol. Any modification must be approved by the rel-
evant authorities before being implemented in the study.

Dissemination plans {31a}

Irrespective of the outcome of the clinical trial, within
1 year from the end of the clinical trial, sponsor will sub-
mit to the EU database (CTIS) a summary of the results
of the clinical trial and will be accompanied by a sum-
mary written in a manner that is understandable to lay-
persons. Furthermore, results from the study will be
sought to be published in an international medical jour-
nal. The study will be registered at www.clinicaltrials.gov
and CTIS. Results of the project will be available for the
participants through PI.

Discussion

Conducting a multicenter, double-blinded, randomized
placebo-controlled trial involves practical and opera-
tional challenges, particularly in recruiting and retaining
participants. To address this, we will use targeted recruit-
ment strategies, including referrals from healthcare pro-
fessionals, hospital promotions, patient associations, and
self-referrals. Ensuring participant retention is equally
important; thus, we will implement regular follow-up
reminders and clear communication of study benefits.

Resource management is critical for the trial’s suc-
cess. Each trial site will have adequate personnel, equip-
ment, and facilities. To ensure uniformity, the same two
assessors will perform all measurements across all cent-
ers. Coordination among sites will be managed through
regular communication and coordination meetings.
Data management will use eCRFs in REDCap, ensuring
secure and accurate data collection. Our experience from
the pilot trial has prepared us well for this study, and the
GCP unit will audit the process to ensure quality data
collection and execution. Protocol deviations will be doc-
umented and promptly addressed.

The primary outcome of this trial is the change in
lymphedema volume, a key parameter directly reflecting
the fluid accumulation and fibroadipose tissue deposi-
tion, defining lymphedema. By measuring this change,
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we can assess the effectiveness of tacrolimus in reducing
the swelling characteristic of this condition.

QoL is a secondary outcome, capturing the broader
impact of lymphedema on patients’ well-being. Including
QoL reflects the importance of addressing both physical
symptoms and overall QoL, as lymphedema affects emo-
tional and social aspects of patients’ lives.

Additional secondary outcomes include assessments
via SF- 36, DASH, and LYMPH-Q questionnaires;
lymphedema index (L-Dex); ICG-L; and skin fibrosis meas-
urements. These outcomes provide a comprehensive evalu-
ation of tacrolimus treatment, offering valuable clinical
and research insights. This evaluation will help determine
the effectiveness of tacrolimus in reducing lymphedema
volume, improving QoL, and addressing secondary symp-
toms. This data can guide clinicians in making informed
decisions about incorporating tacrolimus into standard
treatment protocols for BCRL. From a research perspec-
tive, the study may contribute to understanding the mecha-
nisms by which tacrolimus affects lymphedema.

Our pilot trial revealed several limitations, including
its unblinded design, small sample size, lack of long-term
follow-up, and absence of a control group. These issues
have been addressed by incorporating a double-blind,
placebo-controlled design, increasing the sample size,
and including a 12-month follow-up period.

If tacrolimus proves effective, it will offer a treatment
for patients suffering daily from BCRL. The results may
also be extrapolated to other BCRL stages and could lead
to investigations of tacrolimus treatment for secondary
lymphedema due to other diseases, such as malignant
melanoma, gynecological cancers, prostate cancer, and
lymphomas. Expanding research to these conditions
could significantly broaden the treatment’s impact.

This study is not expected to have significant ethical
issues. It aims to provide new information on the medicinal
treatment of BCRL, offering participants potential relief.
All participants will benefit from increased attention to
their condition and QoL. The known adverse events of tac-
rolimus are manageable compared to its potential benefits.

This trial will provide robust data on the efficacy of top-
ical tacrolimus in reducing BCRL volume and improving
patient QoL. Positive results could establish tacrolimus
as a standard treatment, enhancing clinical outcomes
for affected patients. The findings will also contrib-
ute to understanding the role of immunomodulation in
lymphedema management.

Future research should focus on the long-term effects
of tacrolimus and explore its potential applications in
other forms of lymphedema. By addressing these practi-
cal and operational issues, we aim to conduct a successful
trial that advances the treatment of breast cancer-related
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lymphedema, ultimately improving patient outcomes and

Qol.

Trial status

The approved protocol is version 1.5, dated April 22nd,
2024. Recruitment is expected to begin on September
1st and enrollment will extend over a maximum of 18
months or until the target of 80 patients is achieved.
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