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ABSTRACT
Microcystic lymphatic malformations as
described in the international literature form a
subgroup of low-flow congenital vascular malformations (VM) resulting from irregular
embryological development. Microcystic lesions
normally manifest as an accumulation of
lymph- and blood-filled vesicles that, when externalized, cause skin maceration with consequent pain and potential infection resulting in
the impairment of the patient's quality of life.
There is no consensus on a standardized
algorithm nor clear guidelines for successful
treatment of this type of lymphatic malformation, and treatment options employed often result in ambivalent and transient outcomes with
a high rate of recurrence. The topical formulation of tacrolimus is a well-known FDAapproved anti-T cell agent that was recently
identified as a potent activator of ALK1, which
is involved in several processes and functions
including angiogenesis. We investigated if
topical administration of tacrolimus may be an
effective therapy for directly targeting cutaneous microcystic lymphatic malformations as a
complement to systemic treatment. The study
enrolled four patients with cutaneous microcystic lymphatic malformations: three male
(ages: 13,15,18) and one female (age: 30). Two
of the patients presented lesions on their backs,
one patient on the left hand and one on the left

lower limb. All four patients received treatment
with topical tacrolimus 0.1% twice a day for 10
weeks on a previously selected area for
application. Weekly clinical follow-ups were
conducted along with close physician-patient
contact. All patients displayed a satisfactory
response after treatment. Lymphorrhea and
bleeding were stopped in all cases and the
esthetic aspect of lesions improved in two
patients. To date, all patients presented no
clinically significant changes to the size or
extension of the lesion. Topical tacrolimus
treatment is a promising and reasonable option
for microcystic lymphatic malformations. Our
results encourage further exploration in larger
populations with the consideration that it is a
safe and effective alternative or complementary
therapy to systemic treatment.
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Microcystic lymphatic malformations are
described in the international literature as a
subgroup of low-flow congenital vascular malformations (VM) resulting from irregular embryological development. Their presentation is
varied and they can present as macro or micro
cysts affecting any soft tissue, viscera or even
skin. Normally, microcystic lesions manifest
as an accumulation of lymph- and blood-filled
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vesicles that, when externalized cause skin
maceration with consequent pain, opportunistic infections, aesthetic deterioration due to
abnormal scars and sometimes even anemia.
The natural clinical evolution without treatment is a progressive deterioration causing a
worsening quality of life for the patient (1,2).
There is still no universal consensus on a
standardized algorithm nor clear guidelines
for the successful treatment of cystic lymphatic malformations. Options employed have
ambivalent, transient, and incomplete results
with a high rate of recurrence.
Recently, research has focused on the
development of therapies targeting the activation of intracellular signaling pathways in
consequence of specific genetic mutations. The
new theranostic therapeutic proposal opens up
new molecular therapies applying specific genomic expression strategies and thus bringing
the laboratory to the patient's bedside. We
believe that the future of this kind of treatment will be led by sequencing in order to plan
its modified expression according to the individual mutation. Considering that most of
these malformations share similar angiogenic
downstream pathways, targeted therapies may
be applied to several vascular anomalies. Mutations most often occur in genes that encode
proteins that are part of the RAS/BRAF/
MEK/ERK and PI3 kinase/mTOR pathways,
and most lymphatic malformations are associated with the latter (3,4). A series of drugs
are being used for such purposes, such as
mTOR inhibitors (sirolimus, everolimus and
temsirolimus), PI3K inhibitors (alpelisib,
idelalisib, copanlisib and taselisib) (5,6), AKT
inhibitors (hydrochloride, Miransertib), BRAF
inhibitor (vemurafenib), MEK inhibitors
(trametinib, cobimetinib, U0126 or PD98059),
ALK5 inhibitor (SB- 431542), ERK5 inhibitors
(XMD8-92, XMD17-105), MEK5 inhibitor
(BIXO2189), ABL inhibitor (ponatinib), and
finally multiple kinase inhibitors (sorafenib).
In addition, TIE2 kinase inhibitors are
currently being developed (7,8).
Sirolimus is an immunosuppressive
agent indicated for prophylaxis of organ rejection in patients receiving renal transplants.
Several studies have demonstrated the efficacy

of systemic sirolimus therapy for vascular tumors associated with life-threatening coagulopathy and extratruncular vascular malformations including lymphatic and venous malformation caused by inappropriate activation of
the PI3K/AKT/mTOR pathways with promising results (9-12). Topical sirolimus has been
used and was found to be a safe, effective,
non-invasive, and well-tolerated treatment for
a variety of superficial complex vascular
anomalies, decreasing their size and associated
complications by reducing blebs, lymphorrhea,
and bleeding (13-17).
Tacrolimus, also an immunosuppressive
agent, involves the inhibition of calcinerin and
ultimately decreases T-cell activation and
differentiation of CD4 T-cells. The resulting
down-regulation of T-cell activity and the
inhibition of transcription of many proinflammatory cytokines results in its anti-inflammatory and immunomodulatory action. Furthermore, tacrolimus inhibits the production of
TNFα, a factor involved in angiogenesis. It is
primarily indicated for prophylaxis of organ
rejection in patients receiving allogeneic liver,
renal, or heart transplants. Its topical formulation is a well-known FDA-approved anti-Tcell agent used to treat cutaneous inflammatory/fibrotic diseases such as atopic dermatitis
and other immune-mediated inflammatory
dermatoses (psoriasis, contact eczema,
rosacea, vitiligo, lichen planus).
In the last decade a new
BMP9/ALK1/ENG/SMAD pathway has been
described. ENG and ALK1 proteins are
involved in several processes and functions,
including angiogenesis, vasodilatation, proliferation/apoptosis, cytoskeletal organization,
leukocyte extravasation and hemostasis, and
the immune system, among others. Interestingly, ALK1 has also recently been reported to
be readily expressed by lymphatic endothelial
cells and ALK1 signaling may also play a role
in lymphangiogenesis (18). Given the crucial
role of endoglin/ALK1 in angiogenesis (19),
various drugs, including bevacizumab,
sorafenib, thalidomide, metformin, and
propranolol, have been used to inhibit angiogenesis by modulating some endoglin/ALK1dependent functions. Subsequently, ALK1 is
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considered an emerging target for antiangiogenic therapy in cancer disease (20,21). The
loss of ALK1 function in endothelial cells
leads to enhanced activity of the PI3K pathway (22,23). This ALK1 loss of function is
found in hereditary hemorrhagic telangiectasia (HHT), also known as Rendu-OslerWeber syndrome. Tacrolimus seems to be a
reasonable new treatment option considering
its anti-angiogenic properties. The consideration of this drug arose through the fortuitous
case report of a patient with HHT who
received a liver transplant and was treated
with tacrolimus in order to prevent rejection.
One month after the treatment, internal and
external telangiectases, epistaxes, and anemia
had disappeared (24,25).
Recently, studies have shown that
tacrolimus enhances the signaling and gene
expression of ALK1 loss-of-function, improves
the vascular pathology, and opposes the proangiogenic gene expression associated with
HHT (26,27). Findings on the association between the BMP9/ALK1/ENG/SMAD pathway
and how PI3 kinase inhibition improves vascular malformations in mouse models in HHT
have also been reported. It is important to
note that both tacrolimus and sirolimus have
been identified as activators of ALK1 signaling (28), but tacrolimus has been shown to be
more effective for this purpose. Finally, a clinical study has been published on the efficacy
of a tacrolimus 0.1% nasal ointment as a treatment for epistaxis in HHT (29).
Our aim is to attempt to determine
whether topical administration may be an
effective therapy. This type of administration
cannot achieve circulating levels or penetrate
for deeper involvement, but it can be a complement to systemic treatment.

OBJECTIVE
We aim to assess the efficacy of 0.1%
topical tacrolimus in microcystic lymphatic
malformation in order to avoid clinical complications such as bleeding and lymphorrhagia.

METHODS

We studied four patients with cutaneous
microcystic lymphatic malformations. They
comprised three males (ages: 13,15,18) and
one female (age: 30). Two of the patients presented lesions on the lower back, one on the
left hand, and one on the left lower limb. All
received treatment with topical tacrolimus
0.1% twice a day for 10 weeks on a previously
selected area for application.
Weekly clinical follow-ups were conducted along with close physician-patient contact. The primary outcomes assessed were a
decrease in number of episodes of bleeding/
lymphorrhagia and reduction in size of lesions
and local inflammation. Each patient received
information about the risks and benefits, and
accepted and signed informed consent.

RESULTS
Treatment was evaluated once a week
and a progressive improvement of lesions was
observed with improvement increasing over
the weeks. Ten weeks after the initiation of
therapy, all patients demonstrated a satisfactory response. Lymphorrhea, bleeding, and
local inflammation were interrupted in all
cases, and the aesthetic aspect of lesions improved in two patients. Microcystics lesions
had involuted, and were found empty of
content. Episodes of bleeding and lymphorrhea had ceased.
After treatment, two patients continued
with oral rapamycin 1 mg twice a day due to
the type of malformation and deep tissue
involvement.
To date, all patients presented no clinically significant changes regarding size or
extension of lesions (Fig. 1).

DISCUSSION
Microcystic lymphatic malformations do
not currently have a standardized treatment
and present with a complication of frequent
formation of opening of these vesicles to the
outside resulting in maceration, pain, aberrant
healing, and bacterial superinfection. This
considerably affects patients' quality of life
and demands special care and healing of the
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Fig 1. Images of three different patients (top, middle, and bottom) before (left) and after (right) 10 week treatment
with 0.1% topical tacrolimus for microcystic lymphatic malformations. All three patients demonstrate a reduction
in lesion size and fluid.
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lesions. The natural evolution of these lesions
without directed treatment is a progressive
worsening. The current treatment options
described and employed present ambivalent,
transient, and unrealistic results with a high
rate of recurrence.
We are encouraged by the current
developing theranostic future therapy in
vascular malformations based on knowledge
of the sequencing of affected genes and
targeting the cascade pathways of defective
genomic signaling. Given the very high costs,
the possibility of a diagnosis based on accurate
genomic mapping in our country is completely
beyond the reach of both the physician and the
patient. In order to bridge this gap and be able
to offer the patient an adequate treatment, we
consider that the concordant phenotypic expression among different patients would
indicate a common underlying mechanism.
Although we do not ignore the fact that
the cutaneous manifestation of lesions often
embodies only the tip of the iceberg in the
pathology, we believe that a topical therapy
applied at the site of the lesion can significantly help to improve the patient's quality of life.
Many of our patients present deep and systemic lesions, so topical tacrolimus was
employed as an adjunct to systemic therapy.
The topical formulation of tacrolimus is a
well-known FDA-approved anti-T-cell agent.
It has a good biosecurity profile and is used to
treat a large number of cutaneous inflammatory and fibrotic diseases.
In the last decade a new BMP9/ALK1/
ENG/SMAD pathway has been described,
wherein ENG and ALK1 proteins are involved
in several processes and functions, including
angiogenesis, vasodilatation, proliferation/
apoptosis, cytoskeletal organization, leukocyte
extravasation and hemostasis and the immune
system. Recently a report has identified tacrolimus and sirolimus as activators of ALK1
signaling. Using this information, we attempted to determine if topical tacrolimus administration could be an effective therapy for
microcystic lymphatic lesions on a patient's
skin, recognizing that this type of administration cannot achieve circulating levels or
penetrate to the deeper components. Our

results were very positive with all patients
demonstrating an involution of microvesicles,
which were emptied of their contents, and a
cessation of episodes of bleeding and lymphatic leakage, thus improving their quality of life
significantly. To date, none of them have
presented significant changes or suffered new
episodes or complications.

CONCLUSION
Topical Tacrolimus treatment is a
promising and reasonable option for the
treatment of microcystic lymphatic lesions.
We encourage its use and consider it to be a
safe and effective adjuvant therapy. Further
studies with larger number of patients are
needed to confirm its use for these microcystic
lymphatic malformations.
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