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National Leadership

The Hemangioma and Vascular Malformation Center
(HVMC) is a leader within the International Society for the
Study of Vascular Anomalies (ISSVA) and a regular
presenter at ISSVA conferences. At ISSVA’s 21st annual
meeting in April 2016 in Buenos Aires, Argentina, the HVMC

team members described their research.
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Dr. Hammill chairs the Practice Committee of American
Society of Pediatric Hematology- Oncology (ASPHO)
Vascular Anomalies Special Interest Group (SIG). The
goal of SIG is to teach other doctors and to provide
groundwork for the development of a combined group to
study vascular anomalies. Collaboration is important for
rare diagnoses to ensure enough patient numbers be pooled
to provide meaningful data.

Clinical Research Highlights

HVMC provides excellent multidisciplinary care for infants,
children and young adults. Clinical care improves by a
mixture of clinical research, new drug investigation and
discoveries in the understanding of vascular biology. Scientific
study of vascular tumors and vascular malformations is an
important and growing area of research. HVMC team
researchers in the laboratory help the medical community
better understand the conditions, develop new treatmentsand
improve quality of life for our patients.

Current studies enrolling at this time include:
e Regqistry for Sturge Weber Syndrome

e Urine Biomarkers for Sturge Weber Syndrome

e Lymphatic Anomalies Registry
e Rare Benign Tumor Registry
e HVMC Tissue Repository

e A Prospective Study evaluating the use of Spinal

Angiography prior to Indirect De-tethering in

Patients with Recurrent Tethered Cord

Identification of Biomarkers for Patients with

Vascular Anomalies

Translational Research Highlights

Laboratory research at Cincinnati Childrens provides the
foundation for original treatments. This has become a major
goal for HYMC.
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Greater understanding of vascular development

Knowing how genes regulate normal
development of the vascular system will
help us to understand genetic causes
and possible treatments for human
vascular disorders. Researcher Saulius
Sumanas, PhD uses zebrafish embryos as
a model system to study how vascular
systems develop. He is among avery few
scientists in the world studying this key
process. Similar genes control both
human and zebrafish vascular development. Dr. Sumanas is
studying detailed mechanisms of blood vessel formation and
identifying new genes participating in these processes. In the
end, he hopes to find new genes that can be targeted for
treatment of vascular disorders.

Venous Malformations

Vascular anomalies are birthmarks caused by defects in the
vascular system affecting capillaries, arteries, veins or
lymphatics (or a combination of these) and involve increased
number of vessels and/or vessels that are enlarged and
twisting. Elisa Boscolo, PhD is
investigating venous malformations
(VM). VMs are slow-flow lesions
composed of twisting veins with
irregular smooth muscle cell coverage.
VMs cause defects, pain, localized
intravascular coagulopathy, and they
expand with time. Activating mutations
in the endothelial cell tyrosine kinase
receptor TIE2 and PIK3CA genes are a
common cause of these lesions.

Dr. Boscolo’s lab recently made a mouse model of VM
expressing the most frequent VM-causing TIE2 mutation
TIE2-L914F to test possible drugs for their ability in stopping
lesion growth. The mTOR pathway inhibitor sirolimus
successfully prevented VM growth through its ability to
reduce mutant TIE2-induced AKT signaling. An HVMC
clinical pilot study showed clinical improvement in sirolimus
treated patients with venous malformation, measured by
decreases in pain, bleeding, lesion size, function, appearance
and coagulopathy. Currently Dr. Boscolo’s lab is testing an
array of FDA-approved drugs for their effects on TIE2 mutant
endothelial cells and on murine VM growth and regression to
identify a drug that can be used alone, or in combination with
sirolimus, to increase clinical improvement in patients.

Biomarker and Therapeutic Targets

Vascular malformations and tumors can significantly
impact the well-being of affected children causing long-
term health problems and even death. Final diagnosis of
these diseases is challenging and usually requires a biopsy
which can worsen the disease and cause severe problems.
One major goal of Tim Le Cras’ (PhD) laboratory is to
detect biomarkers for vascular malformations and tumors.

Mechanisms driving lymphangiogenesis in these patients
are unclear and therapeutic options are limited. A second
goal for his laboratory is to gain insights into the
mechanisms and causes of these diseases so that new
therapeutic targets can be identified.

Le Cras’ laboratory is based in
the Pulmonary Biology Division
but he has established far-
reaching collaborations with
physicians in the HVMC. Since
these are rare but devastating
diseases he collaborates with
other vascular anomaly centers as well as patient advocacy
groups around the U.S. to include more patients in his
studies and also spread the findings beyond Cincinnati
Children’s. The lab actively encourages other physicians,
investigators and patients to contact us if they are interested
in participating in any of our studies.

Projects:

1) Biomarker analysis

2) Human cell xenograft models

3) Mouse models of vascular anomalies

4) Therapeutic targeting of vascular anomalies

Diseases under active investigation:

1) Generalized lymphatic anomaly (GLA)

2) Kaposiform lymphangiomatosis (KLA)

3) Kaposiform Hemangioendothelioma (KHE)
4) Micro and microcystic lymphatic anomalies

Pharmacokinetics of Sirolimus Dosing

Alexander A. Vinks, , PharmD, PhD, FCP
is the Cincinnati Children’s Research
Foundation Endowed Chair and Professor
of Pediatrics and Pharmacology at the
University of Cincinnati, College of
Medicine.

Exact dosing of mTOR inhibitors in the
treatment of Hemangioma and Vascular
Malformations.

Complicated vascular anomalies have limited therapeutic
options and cause significant morbidity and mortality.
Sirolimus (rapamycin) is the first drug to show efficacy in
the treatment of complicated vascular anomalies. Sirolimus
is an inhibitor of the mammalian target of rapamycin
(mTOR) targeting the cellular signaling pathway involved in
the occurrence and progression of vascular anomalies.
Sirolimus is approved for use in pediatric kidney
transplantation in patients aged 13 years. Dosing
information for other indications is limited and no dosing
guidance is available for younger children such as infants
and newborns. In addition, as sirolimus exhibits large
between patient variability in its pharmacokinetics (PK), a
precision dosing strategy to ensure effectiveness and safety
IS necessary.



As part of ongoing studies we have studied sirolimus
pharmacokinetics at length in pediatric patients including
our population of pediatric patients with complicated
vascular anomalies. Our data also include a large number
of very young patients (infants and neonates) as age of
initiation of sirolimus treatment may be influential in its
efficacy with younger patients having a more substantial
response. This has allowed us to develop PK models that
predict the effects of growth and maturation on sirolimus
pharmacokinetics. The sirolimus maturation model is now
integrated as part of a pharmacokinetically-guided
precision dosing strategy that generates dosing
recommendations in real time to rapidly achieve and
maintain the desired target trough concentration ranges
across the different age ranges. This PK model-based
approach in combination with sirolimus concentration
measurements (Bayesian feedback) enables sirolimus
precision dosing in children, infants and newborns with
vascular anomalies. A prospective study is being planned.

First FDA-Funded Study for Complicated Vascular
Anomalies:

The Phase Il study, Sirolimus for the treatment of
complicated anomalies completed and was published in the
Journal Pediatric Blood Cancer, Volume 137: 2 in February
of 2016. This study showed sirolimus to be safe and
effective in the majority of patients after 12 months of
treatment with minimal side effects. Further study is
needed to evaluate specific disease phenotypes and to
understand mechanism of action. These study participants
continue to be followed for 5 years after study end to follow
for possible late effects and long-term treatment effects.
The plan is to use this platform for other investigational
drug studies.

Recent Publications:
Beverly A. Schaefer, Dehua Wang, Arnold C. Merrow,
Belinda H. Dickie, Denise M. Adams. Long-term outcome

Arnold C. Merrow, Lin Fei, Lindsey Hornung, Michael
Seid, A. Roshni Dasgupta, Belinda H. Dickie, Ravindhra
G. Elluru, Anne W. Lucky, Brian Weiss, Richard G.
Azizkhan. Efficacy and Safety of Sirolimus in the
Treatment of Complicated Vascular Anomalies. Pediatr
Blood Cancer. Volume 137: 2. Feb 2016.

Adrienne M. Hammill, Paula S. Mobberley-Schuman,
and Denise M. Adams; Letter to the Editor: Comment on:
Lymphoedema is a known potential sequela of Kaposiform
Hemangioendothelioma. British J Derm. Volume 175,
Issue 4, October 2016, Pages: 833-834.

Maria C. Garzon, Leon G. Epstein, Geoffrey L. Heyer, Peter
C. Frommelt, Darren B. Orbach, Adriane L. Baylis,
Francine Blei, Patricia E. Burrows, Sarah L. Chamlin,
Robert H. Chun, Christopher P. Hess, Shawna Joachim,
Katherine Johnson, Wendy Kim, Marilyn G. Liang, Mohit
Maheshwari, Garrett N. McCoy, Denise W. Metry, Priya A.
Monrad, Elena Pope, Julie Powell, Tor A. Shwayder, Dawn
H. Siegel, Megha M. Tollefson, Sudhakar Vadivelu, Sean
M. Lew, llona J. Frieden, and Beth A. Drolet. PHACE
Syndrome: Consensus-Derived Diagnosis and Care
Recommendations. J Pediatr. 2016 Nov;178:24-33.

Comi AM, Sahin M, Hammill A, Kaplan EH, Juhasz C,
North P, Ball KL, Levin AV, Cohen B, Morris J, Lo W,
Roach ES, and participants of the 2015 Sturge-Weber
Syndrome Research Workshop. Leveraging a Sturge-
Weber Gene Discovery: An Agenda for Future Research.
Pediatric Neurology. 2016; May;58:12-24.

Burkes S, Patel M, Adams D, Hammill A, Eaton K,
Wickett R, Visscher M. Infantile hemangioma status by
dynamic infrared thermography — a preliminary study.
International Journal of Dermatology. 2016
Oct;55(10):e522-32.

Bai S, Ingram P, Chen YC, Deng N, Pearson A, Niknafs Y,
O'Hayer P, Wang Y, Zhang ZY, Boscolo E, Bischoff J,

Yoon E, Buckanovich RJ. EGFL6 Regulates the
Asymmetric Division, Maintenance, and Metastasis of
ALDH+ Ovarian Cancer Cells. Cancer Res. 2016 Nov
1;76(21):6396-6409.

for kaposiform hemangioendothelioma: A report of two
cases. Pediatr Blood Cancer. Oct. 2016 epub ahead of print

Ralph Salloum, Courtney E. Fox, Carlos R. Alvarez-
Allende, Adrienne M. Hammill, Roshni Dasgupta,
Belinda H. Dickie, Paula Mobberley-Schuman, Mary
Sue Wentzel, Carol Chute, Ajay Kaul, Manish Patel,
Arnold C. Merrow, Anita Gupta, John R. Whitworth,
and Denise M. Adams. Response of Blue Rubber Bleb
Nevus Syndrome to Sirolimus Treatment. Pediatr Blood

Rossi E, Smadja DM, Boscolo E, Langa C, Arevalo MA,
Pericacho M, Gamella-Pozuelo L, Kauskot A, Botella LM,
Gaussem P, Bischoff J, Lopez-Novoa JM, Bernabeu C.
Endoglin regulates mural cell adhesion in the circulatory
system. Cell Mol Life Sci. 2016 Apr;73(8):1715-39.

Cancer. 2016 Nov;63(11):1911-4.

Denise M. Adams, Cameron C. Trenor Ill, Adrienne M.
Hammill, Alexander A. Vinks, Manish N. Patel, Gulraiz
Chaudry, Mary Sue Wentzel, Paula S. Mobberley-
Schuman, Lisa M. Campbell, Christine Brookbank,
Anita Gupta, Carol Chute, Jennifer Eile, Jesse McKenna,




Emoto C, Fukuda T, Mizuno T, Schniedewind B,
Christians U, Adams DM, Vinks AA. Characterizing the
Developmental Trajectory of Sirolimus Clearance in
Neonates and Infants. CPT Pharmacometrics Syst
Pharmacol. 2016 Aug;5(8):411-7.

Visscher MO, Burkes SA, Adams DM, Gupta A, Wickett.
Biomechanical properties of infantile hemangiomas:
clinical stage and effect of age. Skin Res Technol. 2016
Nov;22(4):487-496.

LeCras, TD, Mobberley-Schuman, PS, Broering, M, Fei,
L, Trenor, CCIIl, Adams, DM. Angiopoietins as serum
biomarkers for lymphatic anomalies. Angiogenesis. 2016
Dec. doi:10.1007/s10456-016-9537-2.

Mizuno T, Fukuda T, Emoto C, Mobberley-Shuman P,
Hammill A, Adams D, Vinks A. Developmental
Pharmacokinetics of Sirolimus: Implications for Precision
Dosing in Neonates and Infants with Complicated Vascular
Anomalies. Pediatric Blood Cancer, Accepted December
2016



