J Breast Cancer. 2023 Feb;26(1):46-59
https://doi.org/10.4048/jbc.2023.26.e2
pISSN 1738-6756-eISSN 2092-9900

JBC

Original Article

’ '.) Check for updates ‘

EiOPENACCESS

Treatment of Breast Cancer-Related
Lymphedema With Topical Tacrolimus:
A Prospective, Open-Label, Single-
Arm, Phase Il Pilot Trial

Frederik C. Gulmark Hansen
Jens Ahm Sgrensen (© "2

2, Mads Gustaf Jergensen © "2,

'Research Unit for Plastic Surgery, Odense University Hospital, Odense, Denmark
“Clinical Institute, University of Southern Denmark, Odense, Denmark

Received: Apr 12, 2022
Revised: Nov 23, 2022
Accepted: Dec 13, 2022
Published online: Jan 19, 2023

Correspondence to

Frederik C. Gulmark Hansen

Department of Plastic Surgery, Odense
University Hospital, J.B. Winslawsvej 4, 5000
Odense, Denmark.

Email: Frederik.C.Gulmark.Hansen@Rsyd.dk

© 2023 Korean Breast Cancer Society

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Frederik C. Gulmark Hansen
https://orcid.org/0000-0002-4588-8053
Mads Gustaf Jargensen
https://orcid.org/0000-0002-8755-3446
Jens Ahm Sgrensen
https://orcid.org/0000-0003-4903-0094

Trial Registration
ClinicalTrials.gov Identifier: NCTO4541290

Funding

This trial was funded by Danish Cancer Society
(R288-A16159), Dagmar Marshalls Fond
(1022-2993-01), Fonden af 1870, Guldsmed A
L Rasmussens mindefond and Grosserer A. V.
Lykfeldts og Hustrus legat.

https://ejbc.kr

ABSTRACT

Purpose: Breast cancer-related lymphedema (BCRL) is a chronic, progressive side effect

of breast cancer treatment, occurring in one-third of patients treated with axillary lymph
node dissection and nodal radiotherapy. Cluster of differentiation 4-positive (CD4*) cells
plays a key role in BCRL by facilitating inflammation and inhibiting lymphangiogenesis.
Tacrolimus is an anti-inflammatory and immunosuppressive macrolide that targets CD4*
cells. Treatment of lymphedema with topical tacrolimus has revealed promising results in
preclinical trials. This clinical trial was aimed at evaluating the feasibility, safety, and effect
of tacrolimus in women with stage I or Il BCRL, according to the International Society of
Lymphology.

Methods: We conducted this open-label, single-arm, phase II pilot trial from September
2020 to April 2021. Eighteen women with BCRL stage I or Il BCRL were treated with topical
tacrolimus for 6 months and followed up at 3 and 6 months. The primary outcome was arm
volume, and secondary outcomes were the lymphedema index (L-Dex), health-related quality
of life (HRQoL), lymph flow and function, and safety and feasibility of the trial design.
Results: The mean lymphedema arm volume and L-Dex reduced significantly by 130.44 +
210.13 mL (p < 0.05; relative reduction: 3.6%) and 3.54 + 4.98 (p < 0.05), respectively, and
health-related quality of life scores was improved significantly (p < 0.05). According to the
MD Anderson scale, in terms of lymph flow and function, three patients (16.7%) showed
improvement, while none showed worsening. Lymph flow or function showed no change
according to the Arm Dermal Backflow scale.

Conclusion: In this trial, treatment with tacrolimus was safe and feasible in women with
stage I or Il BCRL. Tacrolimus alleviated BCRL in terms of improved arm volume, L-Dex,
and HRQoL. Assessments of lymph flow and function were positive, although inconclusive.
Larger randomized controlled trials are required to verify these findings.

Trial Registration: ClinicalTrials.gov Identifier: NCT04541290

Keywords: Breast Neoplasms; Breast Cancer Lymphedema; Lymphedema; Quality of Life
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INTRODUCTION

Breast cancer is highly prevalent worldwide, with an incidence of 2.3 million new cases

in 2020 [1,2]. Breast cancer-related lymphedema (BCRL) is a side effect of breast cancer
treatment that decreases the health-related quality of life (HRQoL) [3-6] and occurs in one-
third of patients with breast cancer following axillary lymph node dissection (ALND) and
nodal radiotherapy [3,5,7-9]. BCRL results from of an impaired function of the lymphatics.
This leads to excessive retention of protein-rich lymphatic fluid in the interstitium, resulting
in localized swelling in the axilla, arms and hands [10]. Excessive fluid is primarily seen in the
early stages of BCRL and is potentially reversible. The formation of fibroadipose tissue due to
chronic inflammation makes BCRL irreversible in later stages [10]. Symptoms include limb
swelling, pain, a feeling of heaviness and numbness, skin changes, recurring infections (e.g.,
cellulitis, erysipelas), and emotional distress.

Conservative management of lymphedema with physiotherapy, skincare, and complete
decongestive therapy is a cornerstone of BCRL therapy [11]. No definitive curative treatment
for BCRL is currently available.

Cluster of differentiation 4-positive (CD4") T-cells plays a key role in the development of
lymphedema through various mechanisms, including the regulation and promotion of fibrosis
through inflammation [12,13]. Animal showed a correlation between the infiltration of CD4*
cells on histopathology and the degree of fibrosis and severity of lymphedema [14,15]. CD4*
T-cells inhibit lymphangiogenesis by producing interferon-gamma (IFN-y), interleukin (IL)-4,
and transforming growth factor f-lwhich have anti lymphangiogenic effects [16,17].

Preclinical trials of topical therapy for lymphedema with growth factors and anti-
inflammatory drugs have shown positive results. Tacrolimus is an immunosuppressive and
anti-inflammatory macrolide that inhibits CD4* T-cells [18,19]. It exerts anti-inflammatory
action by inhibiting phosphatase activity of calcineurin, which is responsible for IL-2
transcription in T-cells. IL-2 in T-cells is essential for T-cell activation, proliferation, and
differentiation, and its level and activity are reduced in tissues administered with topical
tacrolimus [20]. A mouse model of tail ymphedema showed reduced soft tissue thickness,
inflammatory infiltration, inflammatory cytokine expression, and degree of fibrosis after
treatment with topical tacrolimus. Further, lymphangiogenesis increased, lymphatic function
recovered [21]. The results of this preclinical trial of topical tacrolimus for lymphedema are
promising; however, clinical studies are lacking [19,21]. The application of topical tacrolimus
has demonstrated both short- and long-term safety and efficacy in atopic dermatitis [22].
The study was aimed at evaluating the feasibility, safety, and effect of tacrolimus in women
with stage I or I BCRL according to the International Society of Lymphology (ISL). We
hypothesized that treatment with topical tacrolimus would reduce the arm volume and
symptoms of BCRL, resulting in an improved HRQoL.

METHODS

Trial design and registration

This prospective, open-label, single-arm, phase II pilot trial was conducted at the Department
of Plastic Surgery at Odense University Hospital, Odense, Denmark, from September 2020 to
April 2021. The patients were evaluated at baseline and after 3 and 6 months of treatment.
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Data were stored in a REDCap database via the Open Patient data Explorative Network [23].
Participants received oral and written communication regarding the study procedures and
signed informed consent forms before inclusion in the study. The trial was registered with
the Danish Medicinal Agency (EudraCT No. 2020-000877-25), the Regional Committees on
Health Research Ethics of Southern Denmark (S-20200032), and at www.ClinicalTrials.gov
(NCT04541290), and completed according to the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use-Good Clinical Practice
guidelines, current legislation, and regulatory requirements.

Participants

Patients were recruited from a waitlist for participating in experimental trials of lymphedema
treatment. Inclusion criteria were: female sex; the age of 30-65 years; BCRL stage I or II
according to ISL; ipsilateral ALND; no bilateral breast cancer; no allergy to tacrolimus or
other macrolides; no diagnosed immunodeficiency; no psychiatric illness; and no reduced
kidney or liver function. Further, at the outpatient clinic before enrollment, the following
inclusion criteria were applied: significant pitting edema; postmenopausal status or current
use of contraceptive drugs; good general condition; consent to participate; comprehension
of Danish; no lymphedema in the opposite arm; not pregnant or breastfeeding or aiming to
conceive within the next year; and no defect in the skin barrier (Figure 1).

Intervention
The participants were administered 13 tubes of Protopic (hereinafter referred to as
“tacrolimus”; 0.1% tacrolimus; Leo Pharma, Ballerup, Denmark) at baseline. They were
instructed to apply the ointment in a thin layer covering the armpit, entire arm, and hand
once daily for 6 months, similar to the current treatment regime for atopic dermatitis. The
tacrolimus ointment dose (amount applied in grams) was calculated after weighing the tubes
of tacrolimus before and after use, using the following formula:

Amount of Ointment Used (Total) = Total Weight of Sealed Tubes Pre-intervention

- Total Weight of Tubes Post-intervention (Sum of Sealed and Used Tubes).

The participants were instructed not to discard the used tubes. They were informed of the
side effects of tacrolimus according to the product resumé: mild skin irritation, erythema,
warm sensation, pain, paresthesia, -rash at the application site, and alcohol intolerance
(flushing or skin irritation). They were advised to stop alcohol consumption if any side effects
occurred upon alcohol consumption.

Safety

All adverse effects reported by the patients were recorded in the REDCap database at each
consultation to evaluate the safety of topical tacrolimus. Pain and infection at the application
site were focused on. Adverse reactions to tacrolimus (e.g., mild rash, itching or burning
sensations and flushing) were registered. The product resumé for Protopic (0.1% tacrolimus)
was used as a reference for all reported adverse effects. The participants were able to report
adverse events and reactions throughout the project. A senior consultant evaluated all adverse
events. Adverse events assessed to contraindicate continuation led to exclusion from the study.

Baseline characteristics

Baseline characteristics included patient (age, height, weight, dominant side, relationship
status, smoking status, alcohol consumption, lymphedema duration, and current
lymphedema treatment) and treatment (type of surgery, mastectomy or lumpectomy,
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Figure 1. Flow diagram of the progress through the phases of the study (i.e., screening, enrolment, intervention
allocation, follow-up, and assessment) including exclusions and reasons for exclusion.

laterality of surgery, number of lymph nodes removed, and type of oncologic treatment)
characteristics.

Water displacement volumetry (WDV)

The arm volume was measured with WDV, a precise and validated method [24] following
the Archimedes’ principle, a physical law of buoyancy, using the Bravometer (Novugare

BV, PJ Horst, Nederland) and the technique described in Damstra et al. [24]. In brief, the
patient lowered the arm in a basin filled with water, which caused an equal volume of water
to displace into another basin. The amount of displaced water was measured in grams and
converted to milliliters. Volumes of both arms were measured at baseline and at 3- and
6-month follow-ups. The edema volume was estimated by subtracting the volume of the
healthy arm from that of the BCRL arm.

Bioimpedance spectroscopy (BIS)

BIS was performed as previously described [25,26] using SOZO® (ImpediMed, Brisbane,
Australia) along with the manufacturer’s software to measure the impedance of each arm’s
extracellular fluid. The device measured how the body impeded current flow through
electrode pads placed on patients’ hands and feet. The measured outcome was the
lymphedema index (L-Dex). L-Dex > 10 was defined as lymphedema. The following variables
were measured using the device: extracellular fluid, intracellular fluid, total body water,

fat mass, active tissue mass, extracellular mass, and skeletal muscle mass. The variables
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were reported as percentages (%) of total body water or body weight, respectively. BIS was
measured at baseline and at 3- and 6-month follow-ups.

Patient reported outcome measures (PROMSs)

PROMs are obtained using questionaries to measure the patient’s view of their health status. We
used the following PROM questionnaires, validated and translated to Danish, to assess HRQoL:
Lymphoedema Functioning, Disability and Health (LYMPH-ICF); Disabilities of the Arm,
Shoulder, and Hand (DASH); and the 36-Item Short Form Health Survey (SF-36) [27-29].

The LYMPH-ICF is a disease-specific questionnaire for patients with lymphedema. The
questionnaire contains five domains: physical function, mental function, household
activities, mobility activities, and life and social activities. Twenty-nine questions across five
domains are answered on a scale of O to 10.

DASH is developed for patients with disabilities of the arm, shoulder, or hand. It includes
38 questions about the patient’s ability to perform different movements. The questions are
answered on a five-step scale from “not difficult” to “impossible”.

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 emotional problems, emotional well-being, social functioning,
energy or fatigue, and general health perceptions. It includes 36 questions regarding the
patient’s general quality of life. The questions are answered on three, five, and six-step scales
and with binary (yes/no) answers depending on the question. All questionnaires were filled
out in the clinic at baseline and the 3- and 6-month follow-ups.

Indocyanine green lymphography (1CG-L)

ICG emits near-infrared fluorescence and allows real-time imaging of lymphatic function
and flow using a near-infrared camera. ICG-L was performed as described previously [30]. In
brief, we injected 0.1 mL of ICG (2.5 mg/mL Verdye; Diagnostic Green, Ascheim, Germany)
subcutaneously in the web space between the thumb and the index finger, between the
middle and ring fingers, and at the ulnar border of the palmaris longus tendon at the wrist
level. Fluorescent imaging of the lymph vessels and flow was performed using the HyperEye
Medical System (MNIRC-501, HEMS; Mitzuho Co., Tokyo, Japan). ICG-L scans were obtained
at 0, 10, and 60 minutes following the injection. Two senior consultants individually

graded the ICG-L according to MD Anderson (MDA) and Arm Dermal Backflow (ADB)

[30]. Discrepancies were resolved by consensus after reevaluation. ICG-L was performed at
baseline and 6-month follow-up.

Multiple circumference measurements (MCM)

MCMs were obtained in both arms using a measuring tape. Arm volumes were calculated with
the formula to calculate the volume of a truncated cone as described by Brorson and Hoijer [31].
Arm circumferences were measured at baseline and at 3- and 6-month follow-ups.

Outcomes

The primary outcome was the change in arm volume measured with WDV. Secondary
outcomes were changes in L-Dex, HRQoL, and lymph flow and function.
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Statistical analysis

Statistical analyses were performed using STATA 16 (StataCorp 2021 Stata Statistical
Software, Release 16; StataCorp LLC, College Station, TX, USA) with a two-tailed significance
level of 0.05. Among baseline characteristics, continuous parametric variables are expressed
as mean + standard deviation, and categorical variables are expressed as frequency and
percentage (%). Data were analyzed per protocol and tested for normality using skewness,
kurtosis and visual assessment using Q—Q plot. The means of parametric variables were
analyzed with the paired sample #test. LYMPH-ICF and DASH raw scores were transformed
into scores ranging from O (best) to 100 (worst), and SF-36 scores were transformed into
scores ranging from O (worst) to 100 (best) using the original scoring keys.

Ethics approval and consent to participate

The study was conducted with approval by the Danish Medicines Agency (2020101617) and
the Regional Committees on Health Research Ethics for Southern Denmark (S-20200032).
Informed consent was obtained from study participants.

RESULTS

A total of 68 patients were screened for eligibility, and 20 patients were included in the trial
(Figure 1). One patient withdrew from the trial citing personal reasons, and one patient was
excluded because of the onset of adverse reactions contraindicating the treatment. Finally,
18 of 20 patients were treated per protocol for 6 months. Fourteen patients (77.8%) reported
over 97% compliance after < 6 days without the treatment. Among the remaining four
patients, the compliance rate was 78% in one patient and 92.8% in three patients. The mean
amount of ointment used per application was 3.22 +1.00 (range: 2-5) g.

Table 1 lists the baseline characteristics. The mean age was 55.28 + 4.60 years, and the

mean body mass index was 27.24 + 5.78 kg/m?. For breast cancer, 10 patients (55.6%) were
treated with mastectomy, and eight patients (44.4%) were treated with lumpectomy. The
mean number of lymph nodes removed with ALND was 19 * 7.13. All patients (100.0%) had
undergone both chemotherapy and radiotherapy. The mean difference between the BCRL
and the healthy arms was 491.5 + 227.55 mL. The mean time since the lymphedema diagnosis
was 7.33 + 5.13 years, and 16 patients (88.9%) had used an arm compression sleeve daily
(Supplementary Figure 1). Ten patients (55.6%) reported a previous episode of skin infection.
Table 2 lists the main findings of the trial.

Arm volume

In WDV, the BCRL arm volume reduced by 42.89 + 124.52 mL (p = 0.16) at 3 months and
130.44 + 210.13 mL (p < 0.05) at 6 months (Figure 2), corresponding reductions in the total
arm volume 0f 1.31% at 3 months and 3.6% at 6 months. The mean volume of the healthy arm
was reduced by 60.44 + 164.48 mL (p = 0.14).

The mean edema volume reduced by 29.44 +123.70 mL (p = 0.33) at 3 months and 70 +
35.79 mL (p=0.067) at 6 months, equivalent to a reduction 0f11.7%. In circumference
measurements, the BCRL arm volume decreased by 52.09 + 97.84 mL (p < 0.05) at 3 months
and 65.65 + 26.27 mL (p < 0.05) at 6 months.
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Table 1. Baseline characteristics of the 18 patients treated per protocol

Variables All patients (n = 18)
Age 55.28 + 4.60
In relationship (yes) 14 (77.8)
Smoking (yes) 1(5.6)
Alcohol consumption (units per week) 2.78 £ 2.78
BMI (kg/m?) 27.94+ 5.78
Surgical treatment
Lumpectomy 8 (44.4)
Mastectomy 10 (55.6)
Number of lymph nodes resected 19+7.13
Oncologic treatment
Radiotherapy (yes) 18 (100.0)
Chemotherapy (yes) 18 (100.0)
Endocrine therapy (yes) 13 (72.0)
Biological therapy (yes) 5(27.8)
Lymphedema volume (mL) 512.922 + 2928.71
Lymphedema volume (%) 19.65+9.24
Lymphedema duration (yr) 7.33+5.13
Lymphedema in dominant side (yes) 9 (50.0)
Current lymphedema treatment
Compression arm sleeve (yes) 16 (88.9)
Compression gauntlet (yes) 9 (50.0)
Manual drainage (yes) 7 (38.9)
Previous physiotherapeutic bandaging (yes) 14 (77.8)
Pneumatic compression device (yes) 2(11.1)
Night compression (yes) 2 (11.1)
Breast compression (yes) 1(5.6)
Other (yes) 3(16.7)
Previous episode of skin infections (yes) 10 (55.6)

Values are presented as meansstandard deviation or number (%).
BMI = body mass index.

Secondary outcomes

The mean L-Dex scores were reduced by 3.23 + 4.60 (p < 0.05) at 3 months and by 3.54 + 4.98
(p < 0.05) at 6 months (Figure 3). Extra-cellular fluid, intracellular fluid, total body water,

fat mass, active tissue mass, extracellular mass, or skeletal muscle mass showed no changes
(> 0.05) (Supplementary Table 1). PROMs showed significantly improved HRQoL in the
intervention group: mean LYMPH-ICF scores improved by 7.23 + 9.55 (p < 0.05); mean DASH
scores improved by 4.68 + 1.56 (p < 0.05); and mean SF-36 scores improved by 4.12 +1.64

(p < 0.05; Figure 3). The physical and social function domains improved significantly in the
LYMPH-ICF, and role limitations due to physical health problems and body pain improved
significantly in the SF-36. Figure 4 and Supplementary Table 2 show the distribution of
ICG-L scores. In lymph flow and function according to the MDA scale, three patients (16.7%)
showed improvement, while none showed worsening. The lymph flow and function showed
no changes according to the ADB scale.

Safety

Five patients (27.8%) experienced serious adverse events during the trial, all of which were
skin infections. One patient experienced this infection for the first time. No serious adverse
reactions occurred in this trial. However, other adverse reactions were registered occurred.
Six patients (33.3%) experienced flushing related to alcohol intake. They were advised to not
consume alcohol for the rest of the trial. One patient (5.6%) reported tingling, burning, and
itching sensations in the fingers. One patient (5.6%) experienced general malaise, including
dizziness, a tingling sensation in the arm, and pain in the arm. These symptoms occurred
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Table 2. Primary and secondary outcomes of the 18 patients treated per protocol

Outcome Mean change + SD 95% ClI p-value
BCRL arm volume (WDV)

3 months -42.89 + 124.52 mL -104.81to0 19.03 0.16

6 months -130.44 £ 210.13 mL -234.94to -25.95 <0.05
BCRL arm volume (WDV)

3 months -1.31% =+ 3.53% -0.45 to 3.06 0.13

6 months -3.65% * 5.47% -6.37to -0.93 <0.05
Healthy arm volume (WDV)

3 months -13.44 +£85.28 mL -55.85t0 28.96 0.51

6 months -60.44 £ 164.48 mL -142.24to 21.35 0.14
Edema volume

3 months -29.44 + 213.70 mL -90.96 to 32.07 0.33

6 months -70+151.82 mL -145.5t0 5.50 0.067
BCRL arm volume (MCM)

3 months -52.09 £ 97.84 mL -100.75t0 -3.43 <0.05

6 months -65.65+£111.45mL -121.07 to -10.23 <0.05
L-Dex

3 months -3.23 + 4.60 -5.59t0 -0.86 <0.01

6 months -3.54+ 4,98 -6.02to -1.06 <0.01
LYMPH-ICF

3 months -2.72 +10.32 -7.85t0 2.41 0.28

6 months -7.73+9.55 -11.97to0 -2.48 <0.01
DASH

3 months -4.22 + 5.53 -6.97 to -1.48 <0.005

6 months -4.68+6.61 -7.96t0 -1.39 <0.01
SF-36

3 months 1.96+6.28 -1.17 to 5.08 0.2

6 months 4.12 + 6.97 0.65t0 7.58 <0.05

SD = standard deviation; CI = confidence interval; BCRL = breast cancer-related lymphedema; WDV = water

displacement volumetry; MCM = multiple circumference measurements; L-Dex = lymphedema index; LYMPH-ICF
= Lymphoedema Functioning, Disability and Health; DASH = Disabilities of the Arm, Shoulder, and Hand; SF-36 =
36-Item Short Form Health Survey.
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Figure 2. Change in arm volume from baseline to 6-month follow-up. Results are expressed as mean + standard
deviation and as individual datapoints. (A) Change in the mean volume of the BCRL arm in percent (%) from
baseline (100.0%). (B) Individual change in BCRL arm volumes from baseline to 6-month follow-up.

BCRL = breast cancer-related lymphedema.
*p < 0.05 compared to baseline.
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Figure 3. Secondary outcomes. Results are expressed as mean + standard deviation and as individual datapoints.
(A) Change in mean L-Dex scores. (B) Change in mean of HRQoL assessed with the LYMPH-ICF questionnaire
ranging from O (best) to 100 (worst). (C) Change in mean of HRQoL assessed with the DASH questionnaire
ranging from O (best) to 100 (worst). (D) Change in mean of HRQoL assessed with the SF-36 questionnaire ranging
from 100 (best) to O (worst).

L-Dex = lymphedema index; HRQoL = health-related quality of life; LYMPH-ICF = Lymphoedema Functioning,
Disability and Heath; DASH = Disability of the Arm Shoulder and Hand; SF-36 = 36-Item Short Form Health Survey.
*p < 0.05 compared to baseline; **p < 0.001 compared to baseline.

A ICG scores (MDA) B ICG scores (ADB)
12 12 -
W 0 months 6 months M Stage 3 Stage 4
10 A 10
g e 2 e
L o
© ©
o 6 o 6
Y Y
o o
g 4 g 4
2 - 2 -
0 T T T 0 - T T
Stage 2 Stage 3 Stage 4 0 months 6 months

Figure 4. This figure presents the distribution of MDA scores (A) and ADB (B) scores at baseline (0 months) and
after 6 months of treatment.
MDA = MD Anderson; ADB = Arm Dermal Backflow; ICG = Indocyanine green.
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daily for 3-5 hours after the application of the ointment. The treatment was paused for 14
days, and whether the symptoms recurred when the treatment was restarted was assessed.
The symptoms recurred on the same day as the ointment was reapplied, indicating a
contraindication continuation of the treatment. Therefore, the patient was excluded from the
trial after receiving treatment for 110 of 180.

DISCUSSION

This clinical trial of tacrolimus for BCRL showed significantly reduced BCRL arm volume and
L-Dex and improved HRQoL, particularly concerning arm function. The volume reduction

in the healthy arm of the patients was not significant. The visual ICG-L assessments were
slightly discrepant between the two grading systems. According to the MDA scale, three
patients (16.7%) showed improvement, while none showed worsening. According to the ADB
scale, the lymph flow and function showed no change.

This was the first study to investigate the effect of topical tacrolimus on women with BCRL
stage I or I according to ISL. This trial was strengthened by the high compliance of the
patients. Reporting bias in this trial was minimized owing to the use of a complete dataset
without missing data according to baseline, subjective, and objective measures.

This study has some limitations. First, it was an unblinded pilot trial with no control

group. Second, the sample size was small. Third, no long-term follow-up was performed.
Consequently, the findings should be interpreted with caution. Fourth, power estimation and
sample size calculation were because of the shortage of literature on the treatment of BCRL
with tacrolimus. We leaned toward the recommendations provided by Whitehead et al. [32] and
enrolled 20 patients in this trial. The small cohort (n = 18) analyzed per protocol increased the
risk of chance in our observations and limit the presentation of definitive conclusions. Fifth,
the lack of included men in the trial weakened its generalizability. Men account for 1% of all
cases of breast cancer, making it difficult to achieve a representative sample [33]. Future studies
should be performed using a control group that includes both men and women.

Gardenier et al. [21] investigated the effect of tacrolimus on mice with induced tail
lymphedema. The mice were treated with topical tacrolimus twice daily for 3 or 4 weeks and
showed a decrease in lymphedema limb tail volume of 95%. Similarly, we found a smaller
decrease in the volume of the lymphedema arm and a trend in a decrease in edema volume.
The effect sizes differed between the studies because of the different test subjects (mice vs.
humans). In general, the treatment effect is assumed to be overestimated by 30% in animal
studies because of publication bias and differences in complexity and regulation between
species [34,35]. The different treatment regimens (once vs. twice daily) might influence the
magnitude of the effect in the two trials. The induced lymphedema resulted in an increase
in limb volume 0f 100% in mice. In our patients, the lymphedema arms were 19.65% larger
than the healthy arm at baseline. This difference is expected to reflect itself in the following
volume reduction as well.

The literature has no comprehensive studies describing the rate of spontaneous remission
of secondary lymphedema. However, lymphedema in principle is stable or worsens with
time, and spontaneous remission in stages II or IIl is rare [36]. Assuming tacrolimus has the
hypothesized effect on lymphedema (i.e., decreased fibrosis, enhanced lymphangiogenesis
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and better lymph flow and function, resulting in decreased arm volume and excess water),
other treatments, such as compression sleeves, may contribute to the improvement or
maintenance of this effect. Compression treatment is essential for maintaining an acceptable
result in liposuction [37]. The lack of a control group in this trial weakens the hypothesis

that the changes in this study were due to tacrolimus. Spontaneous remission is a possibility,
primarily in patients with stage I lymphedema.

HRQoL scores were potentially biased because of the lack of blinding. This bias was
minimized by blinding the patients to the results of the objective assessments. Nevertheless,
the improvement in HRQoL may be due more to the diligent and frequent follow-up and
attention given to patients and their diseases, than to the treatment itself. The change in
HRQoL correlates well with the rest of the results in this trial, and the specific domains of
improvement support the indication of physical improvement of BCRL symptoms.

The daily application of the ointment potentially mimics manual lymphatic drainage (MLD),
a type of massage therapy performed by lymphedema therapists [38]. The effect could
potentially be confounded by MLD. However, current evidence suggests that MLD alone does
not reduce the volume of BCRL [3,39], thereby making the risk of confounding minimal.

The ICG-L assessments in this trial made according to MDA and ADB were slightly discrepant.
An obvious explanation for this could be the different approaches in the grading of
lymphedema (anatomical localization vs. lymphatic vessels and contractility). We previously
validated the ICG-L in 237 patients using the MDA and ADB scales and found a similar
discrepancy [30]. Currently, no consensus exists on the gold-standard visual assessment of
ICG-L, and a definitive conclusion cannot be made based on these findings [40].

The rationale behind the inclusion of patients in ISL stages I and II only was the expectation
that tacrolimus would affect excessive fluid and fibrosis in lymphedema due to CD4* T-cell
inhibition rather than adipose tissue deposition. Adipose hypertrophy is responsible for a
significant amount of volume increase in BCRL, particularly in the later stages, and we do not
expect adipocytes to respond to tacrolimus [41].

Five patients (27.8%) were treated for skin infections during this trial. Four of them had a
history of skin infections. This is consistent with what Moffatt et al. [42] found in a study
investigating 228 patients with lymphedema. No association between topical tacrolimus

and skin infections has been described in the literature. Therefore, we do not expect the
treatment to have caused the infections in this trial. The remaining adverse events registered
in this trial correlated well with the product resumé for Protopic and were evaluated as mild,
implying that tacrolimus is safe and generally well tolerated in women with BCRL stage I or I
according to ISL.

This clinical trial investigating the effect of tacrolimus on BCRL stages I or Il according to
ISL in women proved tacrolimus to be feasible and safe. The findings suggest that topical
tacrolimus may alleviate BCRL stage I or II according to ISL in women; however, other
contributing factors cannot be ruled out. Blinded randomized, placebo-controlled trials
should be performed to confirm the findings of this trial before evaluating the role of
tacrolimus in treating BCRL.
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