
�ŝƐĞĂƐĞ��ŝĂŐŶŽƐƚŝĐ�/EǀĞŶƚŽƌƐ��ŚĂůůĞŶŐĞ�ʹ �ĞĐ�ϮϬ͕�ϮϬϭϴ

&ŽůůŽǁŝŶŐ�ŝƐ�Ă�ƐƵŵŵĂƌǇ�ŽĨ�ƚŚĞ�ŽƉƉŽƌƚƵŶŝƚŝĞƐ�ŝĚĞŶƚŝĨŝĞĚ�ŝŶ�ƚŚĞ�ƌĞĐĞŶƚ���/E��ŚĂůůĞŶŐĞ�ŚĞůĚ�Ăƚ�ƚŚĞ�/h�^ĐŚŽŽů�
ŽĨ�DĞĚŝĐŝŶĞ�ŝŶ�/ŶĚŝĂŶĂƉŽůŝƐ͘

dĞĂŵƐ�ŽĨ�ƌĞƐĞĂƌĐŚĞƌƐ�ǁŝůů�ďĞ ŝŶǀŝƚĞĚ�ƚŽ�ƐƵďŵŝƚ�ƉƌŽƉŽƐĂůƐ�ĂĚĚƌĞƐƐŝŶŐ ĂŶǇ�ŽĨ�ƚŚĞƐĞ�ĐŚĂůůĞŶŐĞƐ�ƚŚƌŽƵŐŚ�Ă�
ůĞƚƚĞƌ�ŽĨ�ŝŶƚĞŶƚ�ƉƌŽĐĞƐƐ͘���^ĞůĞĐƚĞĚ�ŐƌŽƵƉƐ�ǁŝůů�ƉƌĞƐĞŶƚ�ĂŶ�ŽǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞŝƌ�ƉƌŽƉŽƐĂůƐ�Ăƚ�Ă�ĨŽůůŽǁͲƵƉ���/E�
ĞǀĞŶƚ�ŝŶ�ƚŚĞ��ƉƌŝůͲDĂǇ ϮϬϭϵ�ƚŝŵĞĨƌĂŵĞ ǁŝƚŚ�ĂŶ�ŽƉƉŽƌƚƵŶŝƚǇ�ƚŽ�ǁŝŶ�ƵƉ�ƚŽ�ΨϯϬ͕ϬϬϬ�ŝŶ�ƐĞĞĚ�ĨƵŶĚŝŶŐ ʹ ƐƚĂǇ�
ƚƵŶĞĚ�ĨŽƌ�ŵŽƌĞ�ĚĞƚĂŝůƐ͘

ϭͿ /ŵƉƌŽǀĞĚ��ŝĂŐŶŽƐŝƐ�ŽĨ��ĂƌůǇ�^ƚĂŐĞ��ĂŵĂŐĞ ŽĨ�WĂŶĐƌĞĂƚŝĐ��ĞƚĂ��ĞůůƐ�ŝŶ�dǇƉĞ�/��ŝĂďĞƚĞƐ
dǇƉĞ�/�ĚŝĂďĞƚĞƐ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ĚĞĐƌĞĂƐŝŶŐ�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ĞǀĞŶƚƵĂůůǇ�ĚĞĂƚŚ�ŽĨ�ŝŶƐƵůŝŶ�ƉƌŽĚƵĐŝŶŐ�
ďĞƚĂ�ĐĞůůƐ͘��ZĂŐŚƵ�DŝƌŵŝƌĂ ĚĞƐĐƌŝďĞĚ�ŚŽǁ�ŝŵƉƌŽǀĞĚ�ďŝŽŵĂƌŬĞƌƐ�ŽĨ�ĞĂƌůǇ�ƉŚĂƐĞ�ĚĂŵĂŐĞ�ĂŶĚ�ĚĞĂƚŚ�
ŽĨ�ďĞƚĂ�ĐĞůůƐ�ŵĂǇ�ďĞ�ŚĞůƉĨƵů�ĨŽƌ�ŐƵŝĚŝŶŐ�ĞĂƌůǇ�ŝŶƚĞƌǀĞŶƚŝŽŶ�ŝŶ�ƉĂƚŝĞŶƚƐ�ŽŶ�ƚŚĞ�ƉĂƚŚǁĂǇ�ƚŽ�WŚĂƐĞ�/�
ĚŝĂďĞƚĞƐ͘����ƌĞĐĞŶƚ�ƌĞǀŝĞǁ�ŽĨ�ďĞƚĂ�ĐĞůů�ďŝŽůŽŐǇ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŚĞƌĞ͘��ZĂŐŚƵ�ŚĂƐ�ĨŽƵŶĚ�ƚŚĂƚ�ƐŽŵĞ�
ĞƉŝŐĞŶĞƚŝĐ�ŵĂƌŬĞƌƐ�ʹ Ğ͘Ő͘�ƐƉĞĐŝĨŝĐĂůůǇ�ŵĞƚŚǇůĂƚĞĚ��E��ʹ ĂƌĞ�ůŝŶŬĞĚ�ƚŽ�ďĞƚĂ�ĐĞůůƐ͘����ƌĞĐĞŶƚ�ƌĞǀŝĞǁ�
ŽĨ�ďĞƚĂ�ĐĞůů�ƉŽƚĞŶƚŝĂů�ďŝŽŵĂƌŬĞƌƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŚĞƌĞ͘��dŚĞ�ƐůŝĚĞƐ�ƉƌĞƐĞŶƚĞĚ�ďǇ�ZĂŐŚƵ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�
ŚĞƌĞ͘

ϮͿ ZĂƉŝĚ��ŝĨĨĞƌĞŶƚŝĂƚŝŽŶ�ŽĨ�dŚĞ�'ŽŽĚ͕�dŚĞ��ĂĚ�ĂŶĚ�dŚĞ�hŐůǇ
EĂŐĂ��ŚĂůĂƐĂŶŝ ŽǀĞƌǀŝĞǁĞĚ�ϰ�ĂƌĞĂƐ�ŽĨ�ŶĞĞĚ�ǁŚĞƌĞ�ƌĂƉŝĚ�ƚĞƐƚƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ƋƵŝĐŬůǇ�ĚŝĨĨĞƌĞŶƚŝĂƚĞ�
ƉĂƚŝĞŶƚ�ƐĂŵƉůĞƐ͘� ���ůŝŶŬ�ƚŽ�EĂŐĂ͛Ɛ�ƐůŝĚĞƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŚĞƌĞ͘� � /Ŷ�Ăůů�ĨŽƵƌ�ĐĂƐĞƐ͕�ďŽƚŚ�ŶŽƌŵĂů�ĂŶĚ�
ĂďŶŽƌŵĂů�ƉĂƚŝĞŶƚ�ƐĂŵƉůĞƐ�ĂƌĞ ĂǀĂŝůĂďůĞ͘���ƌĞĂƐ�ŽĨ�ŶĞĞĚ�ŝŶĐůƵĚĞ͗
Ͳ ĂͿ� ,ĞƉĂƚŽƌĞŶĂů� ƐǇŶĚƌŽŵĞ �� ďůŽŽĚ� ďĂƐĞĚ� ƚĞƐƚ� ƚŚĂƚ� ĐŽƵůĚ� ĂĐĐƵƌĂƚĞůǇ� ĚŝĂŐŶŽƐĞ� ƚŚĞ� ŽŶƐĞƚ� ŽĨ�
ŚĞƉĂƚŽƌĞŶĂů�ƐǇŶĚƌŽŵĞ�ǁŽƵůĚ�ďĞ�ŚŝŐŚůǇ�ĚĞƐŝƌĂďůĞ
Ͳ ďͿ� /ŵƉƌŽǀĞĚ� ĞĂƌůǇ� ĚĞƚĞĐƚŝŽŶ� ŽĨ� �ĂƌƌĞƚƚ͛Ɛ� �ƐŽƉŚĂŐƵƐ� ĂŶĚ� ƐŝŵŝůĂƌ� ĚǇƐƉůĂƐƚŝĐ� ĐŽŶĚŝƚŝŽŶƐ� ŽĨ� ƚŚĞ�
ĞƐŽƉŚĂŐƵƐ͘ �ĂƌƌĞƚƚ͛Ɛ�ĞƐŽƉŚĂŐƵƐ�ŝƐ�Ă�ĐŽŶĚŝƚŝŽŶ�ǁŚĞƌĞ�ƉĂƚĐŚĞƐ�ŽĨ�ĚǇƐƉůĂƐƚŝĐ�ŐƌŽǁƚŚ�ŽĨ�ĐĞůůƐ�ůŝŶŝŶŐ�
ƚŚĞ� ĞƐŽƉŚĂŐƵƐ� ĂƌĞ� ƌĞĂĚŝůǇ� ŝĚĞŶƚŝĨŝĞĚ� ďǇ� ǀŝƐƵĂů� ĐŽŶƚƌĂƐƚ� ǁŝƚŚ� ŶŽƌŵĂů� ĐĞůůƐ͘� � ^ŝŵŝůĂƌ� ĚǇƐƉůĂƐƚŝĐ�
ĐŽŶĚŝƚŝŽŶƐ�ĂƌĞ�ŵŽƌĞ�ĚŝĨĨŝĐƵůƚ�ƚŽ�ĚĞƚĞĐƚ�ǀŝƐƵĂůůǇ͘���/ŵƉƌŽǀĞĚ�ƚĞĐŚŶŝƋƵĞƐ�ĨŽƌ�ƌĂƉŝĚ�ǀŝƐƵĂůŝǌĂƚŝŽŶ�Žƌ�
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶ�ŽĨ�ĂďŶŽƌŵĂů�ƉĂƚĐŚĞƐ�ŽĨ�ĚǇƐƉůĂƐƚŝĐ�ŐƌŽǁƚŚ� ŝŶ�ƚŚĞ�ĞƐŽƉŚĂŐƵƐ�ĂƌĞ�ŶĞĞĚĞĚ͕�ƉĞƌŚĂƉƐ�
ƵƐŝŶŐ�ŚǇƉĞƌƐƉĞĐƚƌĂů�ŝŵĂŐŝŶŐ�Žƌ�ƚŚĞ�ƵƐĞ�ŽĨ�ĨůƵŽƌĞƐĐĞŶĐĞ͕�ŶĞĂƌ�/Z͕�ZĂŵĂŶ�Žƌ�ŽƚŚĞƌ�ƚǇƉĞƐ�ŽĨ�ŝŵĂŐŝŶŐ�
Žƌ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƵƐĞ�ŽĨ�ƌĂƉŝĚ�ĐŚĞŵŝĐĂů�ŝŵĂŐŝŶŐ�ŽĨ�ďŝŽŵĂƌŬĞƌƐ�ŝŶĚŝĐĂƚŝǀĞ�ŽĨ�ŶŽƌŵĂů�ĂŶĚ�ĂďŶŽƌŵĂů�
ĐĞůůƐ͘��
Ͳ ĐͿ�/ŵƉƌŽǀĞĚ�ƌĂƉŝĚ�ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ�ŽĨ�ŚǇƉĞƌƉůĂƐƚŝĐ�ĂŶĚ�ŶŽŶͲŚǇƉĞƌƉůĂƐƚŝĐ�ƉŽůǇƉƐ�ĨƌŽŵ�ĐŽůŽŶŽƐĐŽƉǇ͘��
�ŽůŽŶŽƐĐŽƉǇ�ŝƐ�Ă�ǀĞƌǇ�ĐŽŵŵŽŶ�ƉƌŽĐĞĚƵƌĞ͕�ďƵƚ�ƚŚĞ�ĚĞůĂǇ�ŝŶ�ƚŝŵĞ�ďĞƚǁĞĞŶ�ƌĞŵŽǀĂů�ŽĨ�ƉŽůǇƉƐ�ŝŶ�
ƚŚĞ� ƉƌŽĐĞĚƵƌĞ� ĂŶĚ� ĚŝĂŐŶŽƐŝƐ� ŽĨ� ŚǇƉĞƌƉůĂƐŝĂ� ŝƐ� ƚŽŽ� ůŽŶŐ� ;ĂďŽƵƚ� Ă�ǁĞĞŬͿ͘� � EĞǁ� ƚĞĐŚŶŝƋƵĞƐ� ĂƌĞ�
ŶĞĞĚĞĚ� ƚŚĂƚ� ĞŶĂďůĞ� ŝŵŵĞĚŝĂƚĞ� ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ� ŽĨ� ŶŽƌŵĂů� ĂŶĚ� ĂďŶŽƌŵĂů� ƉŽůǇƉƐ͕� ƉĞƌŚĂƉƐ� ĞǀĞŶ�
ĂůůŽǁŝŶŐ� ŝŶ� ƐŝƚƵ�ŵĞĂƐƵƌĞŵĞŶƚ� ĚƵƌŝŶŐ� ƚŚĞ� ĐŽůŽŶŽƐĐŽƉǇ� ƉƌŽĐĞĚƵƌĞ͘� � �ŽůůĞĐƚŝŽŶƐ� ŽĨ� ŶŽƌŵĂů� ĂŶĚ�
ĂďŶŽƌŵĂů�ƐĂŵƉůĞƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�ƚĞƐƚŝŶŐ�ŽĨ�ĞŝƚŚĞƌ�ŝŵĂŐŝŶŐ�ĂƉƉƌŽĂĐŚĞƐ�Žƌ�ĨŽƌ�ƚǇƉŝŶŐ�ďĂƐĞĚ�ŽŶ�
ƚŚĞ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ĐŚĞŵŝĐĂů�ďŝŽŵĂƌŬĞƌƐ͘
Ͳ ĚͿ� /ŵƉƌŽǀĞĚ� ĚĞƚĞĐƚŝŽŶ� ŽĨ� ƉĂŶĐƌĞĂƚŝĐ� ĐǇƐƚƐ� ǁŝƚŚ� ĚŝĂŐŶŽƐŝƐ� ŽĨ� ůŝŬĞůŝŚŽŽĚ� ŽĨ� ƉƌŽŐƌĞƐƐŝŽŶ� ƚŽ�
ƉĂŶĐƌĞĂƚŝĐ�ĐĂŶĐĞƌ͘��DƵůƚŝƉůĞ�ƐĂŵƉůĞƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ƐŚŽǁŝŶŐ�ƉƌŽŐƌĞƐƐŝŽŶ�ŽǀĞƌ�ƚŝŵĞ͘ �Ŷ�ŝŵƉƌŽǀĞĚ�
ĚŝĂŐŶŽƐƚŝĐ�ĨŽƌ�ĞĂƌůǇ�ĚĞƚĞĐƚŝŽŶ�ŝƐ�ŶĞĞĚĞĚ͘



ϯͿ ZĂƉŝĚ�/ĚĞŶƚŝĨŝĐĂƚŝŽŶ�ŽĨ�DĂƌŐŝŶƐ��ƵƌŝŶŐ�^ƵƌŐĞƌǇ�
>ĞŽŶŝĚĂƐ�<ŽŶŝĂƌŝƐ ĚĞƐĐƌŝďĞĚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ŝŵƉƌŽǀĞĚ�ƚŽŽůƐ�ƚŽ�ĚĞĨŝŶĞ�ŵĂƌŐŝŶƐ�ĚƵƌŝŶŐ�ƐƵƌŐĞƌǇ͕�ǁŚĞƌĞ�
ĐƵƌƌĞŶƚ�ƚĞĐŚŶŝƋƵĞƐ�ŽĨƚĞŶ�ƌĞƐƵůƚ�ŝŶ�Ă�ĐŽŵďŝŶĂƚŝŽŶ�ŽĨ�ŽǀĞƌĂŐŐƌĞƐƐŝǀĞ�ƌĞŵŽǀĂů�ŽĨ�ŚĞĂůƚŚǇ�ƚŝƐƐƵĞ�ĂŶĚ�
ĂŶ�ƵŶĂĐĐĞƉƚĂďůĞ� ĨĂŝůƵƌĞ�ƌĂƚĞ� ŝŶ� ůĞĂǀŝŶŐ�ďĞŚŝŶĚ�ƉŝĞĐĞƐ�ŽĨ� ƚƵŵŽƌƐ͕�ĞƚĐ͘� �ZĞĐĞŶƚ�ǁŽƌŬ�ŽŶ�ŵĞĚŝĐĂů�
ĚŝĂŐŶŽƐƚŝĐƐ� ƚŽ� ŝŵƉƌŽǀĞ� ŽƵƚĐŽŵĞƐ� ŝŶ� ŝŶĐůƵĚĞ� ĨůƵŽƌĞƐĐĞŶƚ� ƌĞĂŐĞŶƚƐ� ĨŽƌ� ĞŶŚĂŶĐŝŶŐ� ŵĂƌŐŝŶ�
ďŽƵŶĚĂƌŝĞƐ�;ůŝŶŬ ĂŶĚ�ůŝŶŬͿ�Žƌ�ƚŚĞ�ǁŽƌŬ�ŽĨ�'ƌĂŚĂŵ��ŽŽŬƐ�Ăƚ�WƵƌĚƵĞ�ŽŶ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�D^�ƚŽŽůƐ�
ƚŽ�ŝŵƉƌŽǀĞ�ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ�;ůŝŶŬ ĂŶĚ�ůŝŶŬͿ͘���ĚĚŝƚŝŽŶĂů�ŝŵĂŐŝŶŐ͕�ƐƉĞĐƚƌŽƐĐŽƉŝĐ�Žƌ�ĐŚĞŵŝĐĂů�ĂŶĂůǇƐŝƐ�
ƚĞĐŚŶŝƋƵĞƐ�ĂƌĞ�ŶĞĞĚĞĚ�ƚŽ�ƐŝŵƉůŝĨǇ�ĂŶĚ�ƐƚƌĞĂŵůŝŶĞ�ƚŚĞ�ĂĐĐƵƌĂƚĞ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ŵĂƌŐŝŶƐ�ŝŶ�ƐƵƌŐĞƌǇ�
ĂŶĚ�ŝŵƉƌŽǀĞ�ƉĂƚŝĞŶƚ�ŽƵƚĐŽŵĞƐ͘ >ŝŶŬ ƚŽ�ƐůŝĚĞ�ĚĞĐŬ͘

ϰͿ /ŵƉƌŽǀĞĚ��ŝŽŵĂƌŬĞƌƐ�ĨŽƌ��KW�
DĂƚƚŚŝĂƐ �ůĂƵƐƐ ĚĞƐĐƌŝďĞĚ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�Ă�ŶĞǁ�ĂŶƚŝďŽĚǇͲďĂƐĞĚ�ƚŚĞƌĂƉĞƵƚŝĐ�ƚĂƌŐĞƚŝŶŐ��ŵĂƉ�
//�ĨŽƌ�ƚƌĞĂƚŝŶŐ��KW�͕�ĂŶĚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�Ă�ĐŽŵƉĂŶŝŽŶ�ĚŝĂŐŶŽƐƚŝĐ�ƚŚĂƚ�ǁŽƵůĚ�ďĞ�ƉƌĞĚŝĐƚŝǀĞ�ŽĨ�ƉĂƚŝĞŶƚ�
ƌĞƐƉŽŶƐĞ͘��>ŝŶŬ ƚŽ�ƐůŝĚĞ�ĚĞĐŬ͘

ϱͿ �ŽŵƉĂŶŝŽŶ��ŝĂŐŶŽƐƚŝĐƐ�ĨŽƌ�'ĞŶĞ�dŚĞƌĂƉǇ�dƌĞĂƚŵĞŶƚƐ�ĨŽƌ�,ĞŵŽƉŚŝůŝĂ
ZŽůĂŶĚ�,ĞƌǌŽŐ ĚĞƐĐƌŝďĞĚ ĐƵƌƌĞŶƚ�ƉƌŽŐƌĞƐƐ� ŝŶ� ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ���sͲŵĞĚŝĂƚĞĚ�ŐĞŶĞ� ƚŚĞƌĂƉǇ�
ƚƌĞĂƚŵĞŶƚƐ�ĨŽƌ�ŚĞŵŽƉŚŝůŝĂ�ĂŶĚ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ĐŽŵƉĂŶŝŽŶ�ĚŝĂŐŶŽƐƚŝĐƐ�ƚŽ�ĨĂĐŝůŝƚĂƚĞ�ƚƌĞĂƚŵĞŶƚƐ�ĂŶĚ�
ŝŵƉƌŽǀĞ�ƉĂƚŝĞŶƚ�ŽƵƚĐŽŵĞƐ͘��KŶĞ�ŽĨ�ƚŚĞ�ŵŽƐƚ�ƐŝŐŶŝĨŝĐĂŶƚ�ƐŝĚĞ�ĞĨĨĞĐƚƐ�ŽĨ�ƚƌĞĂƚŵĞŶƚ�ĐĂŶ�ŝƐ�ĂŶ�ŝŵŵƵŶĞ�
ƌĞƐƉŽŶƐĞ�ƚŽ�ƚŚĞ�ĐůŽƚƚŝŶŐ�ĨĂĐƚŽƌ�;ĨĂĐƚŽƌ�ϴ�Žƌ�ϵͿ�ƉƌŽĚƵĐĞĚ�ŝŶ���sͲƚƌĂŶƐĨĞĐƚĞĚ�ůŝǀĞƌ�ĐĞůůƐ͘���Ŷ�ĂƐƐĂǇ�
ƚŚĂƚ� ǁŽƵůĚ� ƉƌŽǀŝĚĞ� ǀĞƌǇ� ĞĂƌůǇ� ǁĂƌŶŝŶŐ� ŽĨ� ƚŚĞ� ǀĞƌǇ� ďĞŐŝŶŶŝŶŐ� ŽĨ� ĂŶ� ŝŵŵƵŶĞ� ƌĞƐƉŽŶƐĞ� ƚŽ� ƚŚŝƐ�
ĐůŽƚƚŝŶŐ�ĨĂĐƚŽƌ�ŵŝŐŚƚ�ĂůůŽǁ�ƚƌĞĂƚŵĞŶƚƐ�ƚŚĂƚ�ǁŽƵůĚ�ƉƌĞǀĞŶƚ�ĨƵůůͲďůŽǁŶ�ŝŵŵƵŶŝƚǇ�ĂŶĚ�ĨĂŝůƵƌĞ͘��>ŝŶŬ
ƚŽ�ƐůŝĚĞ�ĚĞĐŬ͘

ϲͿ /ŵƉƌŽǀĞĚ��ŝĂŐŶŽƐƚŝĐƐ�ĨŽƌ�dƌĞĂƚŝŶŐ�tŽƵŶĚ��ŝŽĨŝůŵƐ
�ŚĂŶĚĂŶ�^ĞŶ ĚĞƐĐƌŝďĞĚ�ƌĞĐĞŶƚ�ƐƚƵĚŝĞƐ�ŽĨ�ǁŽƵŶĚ�ďŝŽĨŝůŵƐ�ĂŶĚ�ǁŽƵŶĚ�ŵĞƚĂďŽůŽŵŝĐƐ�ĂŶĚ�ƚŚĞ�ŶĞĞĚ�
ĨŽƌ�ƉŽŝŶƚ�ŽĨ�ĐĂƌĞͬǁĞĂƌĂďůĞ�ĚŝĂŐŶŽƐƚŝĐƐ�ĐĂƉĂďůĞ�ŽĨ�ŵĞĂƐƵƌŝŶŐ�ƐĞǀĞƌĂů�ƐŵĂůů�ŵŽůĞĐƵůĞ�ƐĞĐŽŶĚĂƌǇ�
ŵĞƚĂďŽůŝƚĞƐ�ƚŚĂƚ�ĂƌĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐ�ŽĨ�ďĂĐƚĞƌŝĂ�ǁŝƚŚŝŶ�ďŝŽĨŝůŵƐ͘�^ůŝĚĞƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŚĞƌĞ

ϳͿ /Ŷ�^ŝƚƵ�DĞĂƐƵƌĞŵĞŶƚ�ŽĨ�Ɖ,͕��Ăнн ĂŶĚ�&Ͳ Ăƚ�ƚŽŽƚŚ�ƐƵƌĨĂĐĞ
^ŝŵŽŶĞ �ƵĂƌƚĞ ŵĂĚĞ�ĂŶ�ĂĚ�ŚŽĐ ƉƌĞƐĞŶƚĂƚŝŽŶ�ŽŶ�ƚŚĞ�ŶĞĞĚ�ĨŽƌ�ŝŶ�ƐŝƚƵŵĞĂƐƵƌĞŵĞŶƚ�ŽĨ�Ɖ,͕�ĨůƵŽƌŝĚĞ�
ŝŽŶ� ĂŶĚ� ĐĂůĐŝƵŵ� ŝŽŶ� Ăƚ� ƚŽŽƚŚ� ƐƵƌĨĂĐĞƐ� ƵŶĚĞƌŶĞĂƚŚ� ĚĞŶƚĂů� ƉůĂƋƵĞƐ͘� �� ŶŽŶĚĞƐƚƌƵĐƚŝǀĞ� ƚĞƐƚŝŶŐ�
ŵĞƚŚŽĚ� ƚŚĂƚ� ĐĂŶ� ďĞ� ƉĞƌĨŽƌŵĞĚ� ŝŶ� ƉůĂĐĞ� ĂŶĚ� ƌĞƉĞĂƚĞĚůǇ�ŽǀĞƌ� ƚŝŵĞ� ƚŽ� ĂůůŽǁ� ŬŝŶĞƚŝĐ� ƉƌŽĨŝůŝŶŐ� ŝƐ�
ŶĞĞĚĞĚ͘��tŚŝůĞ�ĐŽůŽƌ�Žƌ�ĨůƵŽƌĞƐĐĞŶĐĞͲĨŽƌŵŝŶŐ�ƌĞĂŐĞŶƚƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ� ĞĂĐŚ�ŽĨ�ƚŚĞƐĞ�ĂŶĂůǇƚĞƐ͕�
ŐĞƚƚŝŶŐ�ƚŚĞ�ƌĞĂŐĞŶƚƐ�ƚŽ�ƚŚĞ�ƚŽŽƚŚ�ƐƵƌĨĂĐĞ�ƵŶĚĞƌŶĞĂƚŚ�ƚŚĞ�ďŝŽĨŝůŵ�ƉƌĞƐĞŶƚƐ�ƐŝŐŶŝĨŝĐĂŶƚ�ĐŚĂůůĞŶŐĞƐ͘

KƚŚĞƌ�ƉƌĞƐĞŶƚĂƚŝŽŶƐ͗�/Ŷ�ĂĚĚŝƚŝŽŶ�ƚŽ�ƚŚĞƐĞ�ĐŚĂůůĞŶŐĞƐ͕�ƐĞǀĞƌĂů�ŽƚŚĞƌ�ƉƌĞƐĞŶƚĂƚŝŽŶƐ�ǁĞƌĞ�ŵĂĚĞ͘

,ŝŐŚůŝŐŚƚŝŶŐ�'ĞŶŽŵŝĐƐ�ĂŶĚ��ĂƚĂ�^ĐŝĞŶĐĞ�ĐĂƉĂďŝůŝƚŝĞƐ�ŽĨ�/h^D
zƵŶůŽŶŐ�>ŝƵ ĂŶĚ�<ƵŶ�,ƵĂŶŐ ƉƌĞƐĞŶƚĞĚ�ĂŶ�ŽǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ�ĐĂƉĂďŝůŝƚŝĞƐ�ŽĨ��/h^D͛Ɛ�>ĂďŽƌĂƚŽƌǇ�ĨŽƌ�
�ŽŵƉƵƚĂƚŝŽŶĂů�'ĞŶŽŵŝĐƐ͘��dŚĞ�ŐƌŽƵƉ�ŚĂƐ�ĂŶ�ŽƵƚƐƚĂŶĚŝŶŐ�ĐŽůůĞĐƚŝŽŶ�ŽĨ�/ůůƵŵŝŶĂ͕�KǆĨŽƌĚ�ĂŶĚ�ŽƚŚĞƌ�



ƐĞƋƵĞŶĐĞƌƐ�ĂŶĚ�ŝƐ ƚŚĞ�ŵŽƐƚ�ƉŽǁĞƌĨƵů�ƐĞƋƵĞŶĐŝŶŐ�ůĂď�ĨŽƌ�ŵĞĚŝĐĂů�ŐĞŶŽŵŝĐƐ�ŝŶ�ƚŚĞ�DŝĚǁĞƐƚ͘��dŚĞ�
ŚĂǀĞ�ƚŚĞ�ĐĂƉĂĐŝƚǇ�ƚŽ�ĚŽ�ϮϬϬ�ĨƵůů�ŐĞŶŽŵĞƐ�ƉĞƌ�ǁĞĞŬ͕�ĂŶĚ�ĂůƐŽ�ŚĂǀĞ�ŽƵƚƐƚĂŶĚŝŶŐ�ĐĂƉĂďŝůŝƚŝĞƐ�ĨŽƌ�
ZE��ƐĞƋ͕�ƐŝŶŐůĞ�ĐĞůů�ĂŶĂůǇƚŝĐƐ�;ZE�͕��d��͕��Es͕�ƉƌŽƚĞŝŶͿ͕��ǇƚŽ&͕�YŝĂŐĞŶ�ZE�ͬ�E��ĞǆƚƌĂĐƚŝŽŶ�ĨƌŽŵ�
ďůŽŽĚ� ĂƐ�ǁĞůů� ĂƐ� ĐŽŵƉƵƚĂƚŝŽŶĂůͬŵŽĚĞůŝŶŐͬĚĂƚĂ� ǀŝƐƵĂůŝǌĂƚŝŽŶ� ƌĞůĂƚĞĚ� ƚŽ� ƚŚĞƐĞ� ƐƚƵĚŝĞƐ͘� � 'ƌŽƵƉƐ�
ƌĞƋƵŝƌŝŶŐ�ƚŚĞƐĞ�ĐĂƉĂďŝůŝƚŝĞƐ�ĂƌĞ�ŝŶǀŝƚĞĚ�ƚŽ�ƌĞĂĐŚ�ŽƵƚ�ƚŽ�zƵŶůŽŶŐ�ĂŶĚ�<ƵŶ�ƚŽ�ůĞĂƌŶ�ŵŽƌĞ͘��>ŝŶŬ ƚŽ�
ƐůŝĚĞ�ĚĞĐŬ͘

hƉĚĂƚĞƐ�ĨƌŽŵ�WƌĞǀŝŽƵƐ�tŝŶŶĞƌƐ
^ŚŽƌƚ�ƉƌŽŐƌĞƐƐ�ƌĞƉŽƌƚƐ�ǁĞƌĞ�ƉƌĞƐĞŶƚĞĚ�ďǇ�ƚŚƌĞĞ�ǁŝŶŶŝŶŐ�ƚĞĂŵƐ�ĂǁĂƌĚĞĚ�ŝŶ�^ƵŵŵĞƌ�ϮϬϭϴ͘�
Ͳ ^ƵƉĞƌƐŽĂŬĞƌƐ�ʹ �ĞǀŝĐĞ�ĨŽƌ�ƌĂƉŝĚ�ĚŝĂŐŶŽƐŝƐ�ŽĨ�ĂĐƵƚĞ�ŬŝĚŶĞǇ�ĨĂŝůƵƌĞ�ʹ ƐůŝĚĞƐ�ŚĞƌĞ
Ͳ �WZ�dĞĂŵ�ʹ �ĞǀŝĐĞ�ĨŽƌ�ƌĂƉŝĚ�ĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ďĂĐƚĞƌŝĂů�ƐƵƐĐĞƉƚŝďŝůŝƚǇ�ƚŽ�ĂŶƚŝďŝŽƚŝĐƐ�ʹ ƐůŝĚĞƐ�ŚĞƌĞ
Ͳ ^ŝĞƌƌĂ��ůƵď�ʹ ^ĞŶƐŝƚŝǀĞ�D^ͲďĂƐĞĚ�ĂƐƐĂǇ�ƐǇƐƚĞŵ�ĨŽƌ�ĚĞƚĞĐƚŝŽŶ�ŽĨ�ƉĂƚŚŽŐĞŶŝĐ�ďĂĐƚĞƌŝĂ�ʹ ƐůŝĚĞƐ�ŚĞƌĞ

<ĞǇŶŽƚĞ�WƌĞƐĞŶƚĂƚŝŽŶ͗��ĚǁŝŶ�^ŝŵĐŽǆ͕��dK͕�,,^͗�,,^ sŝƐŝŽŶ�ĨŽƌ��ĐĐĞůĞƌĂƚŝŶŐ�/ŶŶŽǀĂƚŝŽŶ�ŝŶ�ƚŚĞ�
WƌĞǀĞŶƚŝŽŶ͕���ŝĂŐŶŽƐŝƐ�ĂŶĚ�dƌĞĂƚŵĞŶƚ�ŽĨ�<ŝĚŶĞǇ��ŝƐĞĂƐĞƐ

��ƉƌĞƐĞŶƚĂƚŝŽŶ� ďǇ��ĚǁŝŶ� ^ŝŵĐŽǆ� ŚŝŐŚůŝŐŚƚĞĚ� ƚŚĞ� ƵƚŝůŝƚǇ�ŽĨ� ŝŶŶŽǀĂƚŝŽŶ� ĐŽŵƉĞƚŝƚŝŽŶƐ� ŝŶ� ŐĞŶĞƌĂů͕�
ǁŚŝůĞ�ƐƉĞĐŝĨŝĐĂůůǇ�ŽƵƚůŝŶŝŶŐ�ƌĞĐĞŶƚ�ƉƌŽŐƌĞƐƐ�ŝŶ�<ŝĚŶĞǇy͕�Ă ŶĞǁ�,,^�ŝŶŝƚŝĂƚŝǀĞ�ĂŝŵĞĚ�Ăƚ�ƌĞŝŶǀĞŶƚŝŶŐ�
ƚŚĞ�ĐƵƌƌĞŶƚ�ƉĂƌĂĚŝŐŵ�ĨŽƌ�ŬŝĚŶĞǇ�ĚŝĂůǇƐŝƐ�ĂŶĚ�ƚƌĞĂƚŵĞŶƚ͘��EĞǁ�ƌĂƉŝĚ͕�ŝŶĞǆƉĞŶƐŝǀĞ�ĂŶĚ�ĚĞƉĞŶĚĂďůĞ�
ĐŽŵƉĂŶŝŽŶ�ĚŝĂŐŶŽƐƚŝĐƐ�ƚŽ�ŝŵƉƌŽǀĞ�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ƚƌĞĂƚŵĞŶƚ�ĂƌĞ�ŶĞĞĚĞĚ͕�ŝŶĐůƵĚŝŶŐ�ŵĞĂƐƵƌĞŵĞŶƚ�
ŽĨ�ďŝŽŵĂƌŬĞƌƐ�ŽĨ�ŬŝĚŶĞǇ�ĨƵŶĐƚŝŽŶ�ĂŶĚ�ŽĨ�ƚŚĞƌĂƉĞƵƚŝĐ�ĂŐĞŶƚƐ�ƵƐĞĚ�ŝŶ�ƚƌĞĂƚŝŶŐ�ƚŚĞ�ĐŽŶĚŝƚŝŽŶ͘��ΨϮ͘ϲ�
DD�ŝŶ�ƉƌŝǌĞƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ŝŶ�ƚǁŽ�ĨƵŶĚŝŶŐ�ƉŚĂƐĞƐ͘��&ŝƌƐƚ�ƐƵďŵŝƐƐŝŽŶƐ�ĂƌĞ�ĚƵĞ�&Ğď�Ϯϴ͕�ϮϬϭϵ͘��DŽƌĞ�
ŝŶĨŽƌŵĂƚŝŽŶ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�Ăƚ�ǁǁǁ͘ŬŝĚŶĞǇǆ͘ŽƌŐ

dŚŝƐ�ŝƐ�ƚŚĞ�ĨŝƌƐƚ�ŽĨ�ŵĂŶǇ�ĂŶƚŝĐŝƉĂƚĞĚ�,,^�ŝŶŶŽǀĂƚŝŽŶ�ĐŽŵƉĞƚŝƚŝŽŶƐ͘��KĨ�ůŝŶĞ�ĚŝƐĐƵƐƐŝŽŶƐ�ǁŝƚŚ��ĚǁŝŶ�
ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�ƚǇƉĞ�//�ĚŝĂďĞƚĞƐ�ĐŽͲŵŽƌďŝĚŝƚŝĞƐ�ĂŶĚ�>ǇŵĞ�ĚŝƐĞĂƐĞ�ĚŝĂŐŶŽƐŝƐ�ŵĂǇ�ďĞ�ƚŚĞ�ĨŽĐƵƐ�ŽĨ�
ĨƵƚƵƌĞ�ĐŽŵƉĞƚŝƚŝŽŶƐ͘



&ŝƌƐƚ�EĂŵĞ >ĂƐƚ�EĂŵĞ �ŵĂŝů �ƌĞĂ�ŽĨ�ĞǆƉĞƌƚŝƐĞ �ĨĨŝůŝĂƚŝŽŶ tŽƌŬ�WŚŽŶĞ

�ƌĞǌŽŽ �ƌĚĞŬĂŶŝ ĂƌĚĞŬĂŶŝΛƉƵƌĚƵĞ͘ĞĚƵ DŝĐƌŽĨůƵŝĚŝĐƐ͕�
ƚƌĂŶƐƉŽƌƚ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϲͲϬϬϬϮ

ZŽďĞƌƚ �ĂĐĂůůĂŽ ƌďĂĐĂůůĂΛŝƵƉƵŝ͘ĞĚƵ EĞƉŚƌŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϬϰϳϭ

�ĂŶĞ �ĂŝƌĚ ǌďĂŝƌĚΛŝŶĚŝĂŶĂďŝŽƐĐŝĞŶĐĞƐ͘ŽƌŐ �ŶĂůǇƚŝĐĂů��ŚĞŵŝƐƚƌǇ /ŶĚŝĂŶĂ��ŝŽƐĐŝĞŶĐĞƐ�
ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ ϯϭϳͲϵϴϯͲϯϯϭϱ

>ĂŶĞ �ĂŬĞƌ ůĂŶďĂŬĞƌΛ/ŶĚŝĂŶĂ͘ĞĚƵ �ŝŽĂŶĂůǇƚŝĐĂů�ͬ�
/ŶƐƚƌƵŵĞŶƚĂƚŝŽŶ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�Ͳ
�ůŽŽŵŝŶŐƚŽŶ ϴϭϮͲϴϱϲͲϭϴϳϯ

DĞƌůŝŶ �ƌƵĞŶŝŶŐ ŵďƌƵĞŶŝŶΛŶĚ͘ĞĚƵ ďŝŽĂŶĂůǇƚŝĐĂů�
ĐŚĞŵŝƐƚƌǇ

hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ�
�ĂŵĞ ϱϳϰͲϲϯϭͲϯϬϮϰ

sĞƚƌŝĂ �ǇƌĚ ǀďǇƌĚΛƉƵƌĚƵĞ͘ĞĚƵ �ĂƚĂ�sŝƐƵĂůŝǌĂƚŝŽŶ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϰͲϲϯϯϱ

EĂŐĂ �ŚĂůĂƐĂŶŝ ũŶĂŶǌĞƌΛŝƵ͘ĞĚƵ ,ĞƉĂƚŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϬϰϭϰ

^ĂƌǀĞƐŚ �ŚĞůǀĂŶĂŵďŝ ƐĐŚĞůǀĂŶΛŝƵƉƵŝ͘ĞĚƵ ǀĂƐĐƵůĂƌ�ďŝŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϮϱϳϮ

DĂƚƚŚŝĂƐ �ůĂƵƐƐ ŵĐůĂƵƐƐΛŝƵƉƵŝ͘ĞĚƵ WƵůŵŽŶĂƌǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϮϴϯϳ

�ƌƵĐĞ �ŽŽƉĞƌ ďƌĐŽŽƉĞƌΛƉƵƌĚƵĞ͘ĞĚƵ DĞƚĂďŽůŽŵŝĐƐ WƵƌĚƵĞ hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϰͲϲϮϴϮ

EŝƌƵƉĂŵĂ �ĞǀĂŶĂƚŚĂŶ ŶĚĞǀĂŶĂƚΛŝƵƉƵŝ͘ĞĚƵ hŶĚĞƌŐƌĂĚƵĂƚĞ�
^ƚƵĚĞŶƚ͕�:ƵŶŝŽƌ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϭϳϲϯ

ZŽď �ŝŵŵŝƚƚ ƌĚŝŵŵŝƚƚΛŝƵ͘ĞĚƵ WƵƌĞůǇ�ĨŝŶĂŶĐŝĂů�ĂŶĚ�
ĂĚŵŝŶŝƐƚƌĂƚŝǀĞ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϱϴϮϮ

:ƵůŝĞ �ƌŝƐĐŽů ũƵĚƌŝƐĐŽΛŝƵ͘ĞĚƵ ZĞƐĞĂƌĐŚ��ŽŽƌĚŝŶĂƚŝŽŶ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϮϴϮϮ

^ŝŵŽŶĞ �ƵĂƌƚĞ ƐŝĚƵĂƌƚĞΛŝƵ͘ĞĚƵ �ĞŶƚŝƐƚƌǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ��ĞŶƚŝƐƚƌǇ ϱϴϱͲϯϯϬͲϲϭϱϵ

DĂĚŝƐŽŶ �ĚǁĂƌĚƐ ĞĚǁĂƌϭϳϯΛƉƵƌĚƵĞ͘ĞĚƵ DĂƐƐ�^ƉĞĐƚƌŽŵĞƚƌǇ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϴϭϮͲϱϬϴͲϰϱϯϯ
�ůŝŶĞ �ůƋƵŝƐƚ ĂĞůƋƵŝƐƚΛƉƵƌĚƵĞ͘ĞĚƵ DĂƚĞƌŝĂůƐ��ŶŐŝŶĞĞƌŝŶŐ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϳϱϵϯϰϭϮϭϮ

�ŚƌŝƐƚŽƉŚĞƌ �ŵĞƌǇ ĐůĞŵĞƌǇΛŝƵ͘ĞĚƵ �ůŝŶŝĐĂů�WĂƚŚŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϰϵϭϲϭϵϳ



�ŚƌŝƐƚŝŶĂ &ĞƌƌĞŝƌĂ ĐĨĞƌƌĞŝΛƉƵƌĚƵĞ͘ĞĚƵ
DĂƐƐ�^ƉĞĐƚƌŽŵĞƚƌǇ�Ͳ
ďŝŽŵĂƌŬĞƌ�ĚŝƐĐŽǀĞƌǇ�

ĂŶĚ�ĚŝĂŐŶŽƐƚŝĐƐ
WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϰͲϰϵϬϱ͘

ZĂŝŶĞƌ &ŝƐĐŚĞƌ ĨŵĞƚǌŐĞƌΛŝŶĚŝĂŶĂďŝŽƐĐŝĞŶĐĞƐ͘ŽƌŐ

WƌŽƚĞŝŶ�ĞŶŐŝŶĞĞƌŝŶŐ�
;ĂŶƚŝďŽĚŝĞƐ͕�ǀĂĐĐŝŶĞƐ͕�

ĞŶǌǇŵĞƐͿ͕�
ƌĞĐŽŵďŝŶĂŶƚ�ƉƌŽƚĞŝŶ�
ƉƌŽĚƵĐƚŝŽŶƐ�ĂŶĚ�
ĚŽǁŶƐƚƌĞĂŵ�

ƉƌŽĐĞƐƐŝŶŐ͕�ƌĞŐƵůĂƚŽƌǇ

/ŶĚŝĂŶĂ��ŝŽƐĐŝĞŶĐĞƐ�
ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ ϯϭϳͲϰϮϬͲϱϴϭϰ

:ĂĐŬĞůŝŶĞ &ƌĂŶĐŽ ĨƌĂŶĐŽũΛƉƵƌĚƵĞ͘ĞĚƵ /ŵŵƵŶŽůŽŐǇ�Ͳ
�ŶĂůǇƚŝĐĂů��ŚĞŵŝƐƚƌǇ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱϳϳϮϴϮϬϵ

�ůůŽŶ &ƌŝĞĚŵĂŶ ĂůůĨƌŝĞĚΛŝƵ͘ĞĚƵ ŶĞƉŚƌŽůŽŐǇͬŶƵƚƌŝƚŝŽŶ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ DĞĚŝĐŝŶĞ ϯϭϳͲϵϰϴͲϵϰϭϵ

ZĞďĞĐĐĂ &ƵůŬ ƌũĨƵůŬΛƉƵƌĚƵĞ͘ĞĚƵ ZĞƐĞĂƌĐŚ�ĐŽŽƌĚŝŶĂƚŝŽŶ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϰͲϭϵϬϮ

DĂƌŬ 'ĞƌĂĐŝ ŵŐĞƌĂĐŝΛŝƵ͘ĞĚƵ WƵůŵŽŶĂƌǇ��ŝƐĞĂƐĞƐ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϰͲϴϰϯϴ

dĂŬĂƐŚŝ ,ĂƚŽ ƚŚĂƚŽΛŝƵ͘ĞĚƵ ŵĞĚŝĐŝŶĞ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϮϳϰϱϱϰϬ

ZŽůĂŶĚ ,ĞƌǌŽŐ ƌǁŚĞƌǌŽŐΛŝƵ͘ĞĚƵ
'ĞŶĞ�ƚŚĞƌĂƉǇ͕�
ŚĞŵŽƉŚŝůŝĂ͕�
ŝŵŵƵŶŽůŽŐǇ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴϰϯϬϭ

<ƵŶ ,ƵĂŶŐ ŬƵŶŚƵĂŶŐΛŝƵ͘ĞĚƵ ,ĞŵĂƚŽůŽŐǇͬKŶĐŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϳϳϮϮ

^ƚĞƉŚĞŶ :ĂĐŽďƐŽŶ ũĂĐŽďƐŽŶΛŝŶĚŝĂŶĂ͘ĞĚƵ ĂŶĂůǇƚŝĐĂů�ĐŚĞŵŝƐƚƌǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�Ͳ
�ůŽŽŵŝŶŐƚŽŶ ϴϭϮͲϴϱϱͲϲϲϮϬ

zĂŵĂŶ < ǇĂŵĂŶͺŬΛŚŽƚŵĂŝů͘ĐŽŵ WŚĂƌŵĂĐǇ͕�ŵĞĚŝĐŝŶĞ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϳϲϱϰϬϰϰϮϳϵ

^ƵŬƌĂƚŝ <ĂŶŽũŝĂ ƐŬĂŶŽũŝĂΛŝƵ͘ĞĚƵ �ŝŽĐŚĞŵŝƐƚƌǇ�ĂŶĚ�
DŽůĞĐƵůĂƌ��ŝŽůŽŐǇ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϰͲϭϱϱϭ

�ŶŶ <ŝŵďůĞͲ,ŝůů ĂŶŬŝŵďůĞΛŝƵ͘ĞĚƵ �ŝŽƉŚǇƐŝĐĂů��ŚĞŵŝƐƚƌǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϮϳϴϭϳϲϯ



>ĞŽŶŝĚĂƐ <ŽŶŝĂƌŝƐ ůŬŽŶŝĂƌŝΛŝƵ͘ĞĚƵ 'ĞŶĞƌĂů�ƐƵƌŐĞƌǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϭϳͲϮϴϭϮ

zƵŶůŽŶŐ >ŝƵ ǇƵŶůŝƵΛŝƵ͘ĞĚƵ 'ĞŶŽŵŝĐƐ�ĂŶĚ�
ďŝŽŝŶĨŽƌŵĂƚŝĐƐ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϮϳϴϵϮϮϮ

:ŝŶŐ >ŝƵ ƵƌƌĂůŝƵΛŝƵƉƵŝ͘ĞĚƵ DŝĐƌŽƐĐŽƉǇ�ĂŶĚ�
ŝŵĂŐŝŶŐ KƚŚĞƌ ϯϭϳϮϳϰϲϵϬϯ

ZŽďĞƌƚŽ DĂĐŚĂĚŽ ƌŽďŵĂĐŚĂΛŝƵ͘ĞĚƵ WƵůŵŽŶĂƌǇ�ǀĂƐĐƵůĂƌ�
ďŝŽůŽŐǇ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϮϳϴϬϭϳϱ

�ĞƌŶŚĂƌĚ DĂŝĞƌ ďĨŵĂŝĞƌΛŝƵ͘ĞĚƵ ,/s͕��ŝĂďĞƚĞƐ͕�
EĞƉŚƌŽƉĂƚŚǇ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳϮϳϰϱϴϮϱ

:ĂǇ DĐ'ŝůů ũŵĐŐŝůůΛŝŶĚŝĂŶĂďŝŽƐĐŝĞŶĐĞƐ͘ŽƌŐ ƚŚĞƌĂƉĞƵƚŝĐƐ /ŶĚŝĂŶĂ��ŝŽƐĐŝĞŶĐĞƐ�
ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ ϯϭϳͲϲϱϮͲϭϭϱϮ

ZĂŐŚƵ DŝƌŵŝƌĂ ƌŵŝƌŵŝƌĂΛŝƵ͘ĞĚƵ WĞĚŝĂƚƌŝĐƐ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϰͲϰϭϰϱ

^ŚĂƌŽŶ DŽĞ ƐŵŽĞΛŝƵ͘ĞĚƵ EĞƉŚƌŽůŽŐǇ /ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ;ϯϭϳͿ�ϮϳϴͲϮϴϲϴ

ZŽŵĂŶ WŽŐƌĂŶŝĐŚŶŝǇ ƌŵƉΛƉƵƌĚƵĞ͘ĞĚƵ

sŝƌĂů�ŝŶĨĞĐƚŝŽƵƐ�
ĚŝƐĞĂƐĞƐ�ŝŶ�ĂŶŝŵĂůƐ͕�
ƚŚĞŝƌ�ƉĂƚŚŽŐĞŶĞƐŝƐ�

ĂŶĚ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�
ŽĨ�ŶĞǁ�ĚŝĂŐŶŽƐƚŝĐ�ĂŶĚ�
ƉƌĞǀĞŶƚŝǀĞ�ŵĞƚŚŽĚƐ�

ĨŽƌ�ƚŚĞƐĞ�ǀŝƌĂů�
ŝŶĨĞĐƚŝŽƵƐ�ĚŝƐĞĂƐĞƐ

WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱ͘ϰϵϰ͘ϳϰϲϮ

DŝĐŚĂĞů WƵŐŝĂ ŵƉƵŐŝĂΛŝŶĚŝĂŶĂďŝŽƐĐŝĞŶĐĞƐ͘ŽƌŐ

�ŝŽĂŶĂůǇƚŝĐƐ͕�
�ŝĂŐŶŽƐƚŝĐƐ͕�
hƌŝŶĂůǇƐŝƐ͕�

/ŵŵƵŶŽĂƐƐĂǇ

/ŶĚŝĂŶĂ��ŝŽƐĐŝĞŶĐĞƐ�
ZĞƐĞĂƌĐŚ�/ŶƐƚŝƚƵƚĞ

ϯϭϳͲϵϴϯͲϯϯϮϬ�Ğǆƚ�
ϭϮϬ

�ŚĂŶĚĂŶ ^ĞŶ ĐŬƐĞŶΛŝƵ͘ĞĚƵ ZĞŐĞŶĞƌĂƚŝǀĞ�
DĞĚŝĐŝŶĞ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�
^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ ϯϭϳͲϮϳϴͲϮϳϯϲ

�ĚǁŝŶ ^ŝŵĐŽǆ ĞĚǁŝŶ͘ƐŝŵĐŽǆΛŚŚƐ͘ŐŽǀ /ŶŶŽǀĂƚŝŽŶ�ŝŶ�
,ĞĂůƚŚĐĂƌĞ KƚŚĞƌ ϮϬϮϳϳϰϮϯϬϲ



'ĂƌƚŚ ^ŝŵƉƐŽŶ ŐƐŝŵƉƐŽŶΛƉƵƌĚƵĞ͘ĞĚƵ �ŶĂůǇƚŝĐĂů�ĂŶĚ�WŚǇƐŝĐĂů�
�ŚĞŵŝƐƚƌǇ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϲͲϯϬϱϰ

dŚŽŵĂƐ ^ŽƌƐ ƚƐŽƌƐΛƉƵƌĚƵĞ͘ĞĚƵ ZĞƐĞĂƌĐŚ�
�ĚŵŝŶŝƐƚƌĂƚŝŽŶ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱϰϵϰϭϲϳϴ

�ŚƌŝƐ ^ƉĞĞƌƐ ĐƐƉĞĞƌƐΛƉƵƌĚƵĞ͘ĞĚƵ >ĂďŽƌĂƚŽƌǇ�dĞĐŚŶŝĐŝĂŶ WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϬϵͲϰϴϳϴ

ZŽďĞƌƚ ^ƚĂŚĞůŝŶ ƌƐƚĂŚĞůŝΛƉƵƌĚƵĞ͘ĞĚƵ

>ŝƉŝĚƐ͕�sŝƌƵƐ�
ZĞƉůŝĐĂƚŝŽŶ͕�sŝƌƵƐ�
�ƐƐĞŵďůǇ͕�>ŝƉŝĚ�
ƐŝŐŶĂůŝŶŐ͕��ƌƵŐ�

�ĞǀĞůŽƉŵĞŶƚ��ŐĂŝŶƐƚ�
sŝƌƵƐĞƐ

WƵƌĚƵĞ�hŶŝǀĞƌƐŝƚǇ ϳϲϱͲϰϵϰͲϰϭϱϮ

�ŚƌŝƐƚŽƉŚĞƌ tĞůĐŚ ĐŚũǁĞůĐŚΛŝƵ͘ĞĚƵ

ƐĞƉĂƌĂƚŝŽŶƐ͕�
ĂŶĂůǇƚŝĐĂů͕�

ƉƵƌŝĨŝĐĂƚŝŽŶ͕�ŚŝŐŚ�
ƚŚƌŽƵŐŚƉƵƚ

KƚŚĞƌ ϳϯϮϳϭϴϱϵϳϰ

ZĞďĞĐĐĂ tŚĞůĂŶ ƌǁŚĞůĂŶϭΛŶĚ͘ĞĚƵ �ŝŽĂŶĂůǇƚŝĐĂů�
ĐŚĞŵŝƐƚƌǇ

hŶŝǀĞƌƐŝƚǇ�ŽĨ�EŽƚƌĞ�
�ĂŵĞ ϱϰϳϲϯϭϭϴϱϯ

:ĞĨĨƌĞǇ �ĂůĞƐŬŝ ǌĂůĞƐŬŝΛŝŶĚŝĂŶĂ͘ĞĚƵ
ZĞƐĞĂƌĐŚ�

ĂĚŵŝŶŝƐƚƌĂƚŝŽŶͬŝŶƐƚƌƵ
ŵĞŶƚĂƚŝŽŶ

/ŶĚŝĂŶĂ�hŶŝǀĞƌƐŝƚǇ�Ͳ
�ůŽŽŵŝŶŐƚŽŶ ϴϭϮͲϴϱϱͲϮϭϯϰ



Part 1: Networking Event
Identify compelling clinical needs and opportunities that 
could be addressed via innovations in measurement science



Original Vision for the DDI Challenge
What if we could bring together….

Physicians, clinical
researchers, biologist and
basic life scientists with an
understanding of the
limitations and opportunities
for using measurement
technologies in medicine

…and…
Engineers, analytical
chemists and measurement
science experts skilled in
developing assays and
creating new analytical
instruments

Valuable innovations capable 
of transforming healthcare  



Measurement Science: Key Tool for Problem Solving

Did You Know…
- IN is a global leader in 

analytical instrumentation and 
measurement science?

- We have 7 of the world’s top 
100 measurement scientists!!!

“You can’t improve 
what you can’t 
measure”

Henry Ford



But… connecting these experts with medical and 
clinical experts can be challenging…

Anybody over there? Can you hear me now?



Can we enable ‘call and response’ problem solving by 
bringing these groups together?



Our Initial Disease Diagnostic INventors Challenge
June 28th & 29th, 2018 at Purdue University

- Two day event
- Good turnout from PU, IUSM, IUB, IBRI and ND
- Fun – high enthusiasm
- Four project teams were selected for seed funding (we 

will be hearing from them over lunch)

Constructive Feedback
- Span of time was too short - better to separate the ‘call’ 

(definition of problem or opportunity) from the ‘response’ 
(proposed solution) so that teams have time to develop

- Hold next ‘call’ at IUSM so that attendance by 
clinical/medical experts is easier



Disease Diagnostic INventors Challenge 2.0
Dec 20, 2018 at Purdue

Tommy Sors – PI4D creator of DDIN Challenge 1.0, invites 
others 
Chris Welch, ICASE (Indiana Consortium for Analytical Science 
& Engineering – a joint venture of IU, PU and ND) agrees to help
Mark Geraci – shares relevant experience with successful 
innovation competitions at U. Colorado, offers to help recruit 
clinical/medical presenters
Alan Palkawitz, IUSM agrees to help
Indiana CTSI agrees to host in HITS building
(special thanks to Nancy Nysewander and Julie Driscol)
(special shout out to Melody Warman on her retirement TODAY!)



Introductions

Briefly…

Name:
Organization:
Area of Expertise/Interest:



If you are not registered for today’s meeting please 
provide your contact information so we can send a 
meeting summary and follow up information 



Agenda
8:30 AM Registration and Breakfast
9:00 AM Welcome and Opening Remarks

9:15 AM Keynote Presentation - Edwin Simcox, Chief Technology Officer, HHS 

Biomedical Needs/Opportunities                      All I want for Christmas is….
9:45 AM Raghu Mirmira

10:05 AM Naga Chalasani 
10:25 AM Leonidas Koniaris
10:45 AM Matthias Clauss
11:05 AM BREAK
11:25 AM Roland Herzog
11:45 AM Yunglong Liu & Kun Huang
12:05 PM Chandan Sen
12:25 PM Lunch and update from previous INventors Challenge winners
12:25 PM Supersoakers
12:40 PM CPR Team
12:55 PM Sierra Club
1:30 PM ‘Speed Dating’ and Convergence Assembly
3:00 PM Conclusion



Keynote Presentation: 

Edwin Simcox
Chief Technology Officer

US Department of Health & Human Services



Biomedical Needs/Opportunities                      All I want for Christmas is….
9:45 AM Raghu Mirmira 

10:05 AM Naga Chalasani 
10:25 AM Leonidas Koniaris
10:45 AM Matthias Clauss
11:05 AM BREAK
11:25 AM Roberto Machado
11:45 AM Roland Herzog
12:05 PM Yunglong Liu & Kun Huang
12:25 PM Chandan Sen



12:45 PM Lunch and update from previous INventors Challenge 
winners

12:45 PM Supersoakers
1:00 PM CPR Team
1:15 PM Sierra Club

Please grab a box lunch out in the hall and return to 
this room to hear updates.



1:30 PM ‘Speed Dating’ and Convergence Assembly
3:00 PM Conclusion

11 groups for Networking
- 7 new need/opportunity areas 
- 3 previously awarded projects
- 1 ‘process improvements’ (suggest how we can improve the event in future)

Break into small groups – 5 minutes discussion with each team/representative
- Can you yourself help?
- Recommend a colleague from your institution?
- General Advice and Suggestions

When the bell rings, move to the next group

Capture comments and suggestions on flip chart

Short summary from each group at 3:00 pm



• We will summarize the findings from today’s event, send to all 
attendees and make available on a website that is under construction.

• If you didn’t register, make sure the organizers have your contact 
information.

• Please share/report with your colleagues who were unable to attend 
today.

• We will reconvene in March-April 2019 timeframe to award seed 
funding to several research proposals that best address one of the 
needs/opportunities presented today.

• Winning teams will combine clinical as well as measurement science 
expertise, and ideally will involve researchers from more than one 
institution.

• Stay tuned for additional details

Next Steps



Thanks to Our Sponsors!



And Thanks to You for Attending!
Safe Travels



HHS’ Vision for Accelerating Innovation in the 
Prevention, Diagnosis and Treatment of Kidney 
Diseases

Ed Simcox
Chief Technology Officer & Acting Chief Information Officer 
U.S. Department of Health & Human Services



Mission
To build an innovation-focused culture at HHS 

that improves health outcomes and reduces costs



“Working in tandem, the Government and the 
private sector can promote the nation’s 
economic growth through innovation”

- Michael Kratsios, Mick Mulvaney
August, 2017



Inter-Agency Innovation Hub
TalentData Partnerships

We open data to 
fuel internal & 

external innovation

We cultivate talent 
through Ignite, 
CoLab and EIR

We leverage prize 
authority to address 

market failures



End-Stage Renal Disease (ESRD)

Number of Americans 
who begin dialysis 

every year

100,000
Annual Medicare 

ESRD budget, or ~1% 
of federal budget

$34.8 billion
Total number of 

Americans living with 
kidney diseases

40 million

KidneyX.org | @Kidney_X



Mission

Accelerate innovation in the prevention, 
diagnosis, and treatment of kidney diseases.

KidneyX.org | @Kidney_X



KidneyX Structure

Public-private partnership with the American Society 
of Nephrology (ASN)

HHS ASN
Market regulator
Research funder
Payer

Nephrology expertise
Broad network
$25 million committed

KidneyX.org | @Kidney_X



Incentivizing New Products
1. Offer funding opportunities 

Series of prize competitions

2. Improve coordination across HHS
Clarify paths to commercialization (FDA, NIH, CMS)

3. De-risk commercialization 
Attract outside investment capital

4. Create a sense of urgency
On behalf of people living with kidney diseases

KidneyX.org | @Kidney_X



Patient Testimony

“KidneyX gives me hope 
because it’s not going to 

reward renal failure”

KidneyX.org | @Kidney_X



Patient Involvement

1. Every prize submission must have patient input
2. Patients are on judging panel
3. Patients are part of KidneyX governance structure

KidneyX.org | @Kidney_X



Areas of Focus

Diagnostics
Point-of-care or at home 
testing kits, real time 
kidney monitoring

Medications
Drugs designed to treat 
and slow progression of 
kidney diseases

Patient Tools
Applications to empower 
patients to manage kidney 
diseases (i.e. nutrition app)

Next-Gen Dialysis
Wearable/implantable dialyzers, 
vascular access technologies, 
bio-artificial kidneys

KidneyX.org | @Kidney_X



The Power of Prizes

KidneyX.org | @Kidney_X



• $2.6M prize available across two phases
• First phase submissions due February 28th, 2019
• First of many prizes to come, your input is needed

KidneyX.org | @Kidney_X



• $2.6M prize available across two phases
• First phase submissions due February 28th, 2019
• First of many prizes to come, your input is needed

KidneyX.org | @Kidney_X



HHS’ Vision for Accelerating Innovation in the 
Prevention, Diagnosis and Treatment of Kidney 
Diseases

Ed Simcox
Chief Technology Officer & Acting Chief Information Officer 
U.S. Department of Health & Human Services



Mission
To build an innovation-focused culture at HHS 

that improves health outcomes and reduces costs



“Working in tandem, the Government and the 
private sector can promote the nation’s 
economic growth through innovation”

- Michael Kratsios, Mick Mulvaney
August, 2017



Inter-Agency Innovation Hub
TalentData Partnerships

We open data to 
fuel internal & 

external innovation

We cultivate talent 
through Ignite, 
CoLab and EIR

We leverage prize 
authority to address 

market failures
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100,000
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of federal budget
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Total number of 
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40 million

KidneyX.org | @Kidney_X
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3. De-risk commercialization 
Attract outside investment capital

4. Create a sense of urgency
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1. Every prize submission must have patient input
2. Patients are on judging panel
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Areas of Focus

Diagnostics
Point-of-care or at home 
testing kits, real time 
kidney monitoring

Medications
Drugs designed to treat 
and slow progression of 
kidney diseases

Patient Tools
Applications to empower 
patients to manage kidney 
diseases (i.e. nutrition app)

Next-Gen Dialysis
Wearable/implantable dialyzers, 
vascular access technologies, 
bio-artificial kidneys

KidneyX.org | @Kidney_X



The Power of Prizes

KidneyX.org | @Kidney_X



• $2.6M prize available across two phases
• First phase submissions due February 28th, 2019
• First of many prizes to come, your input is needed

KidneyX.org | @Kidney_X



Raghu G Mirmira, MD, PhD
Professor of Pediatrics

Indiana University School of Medicine

Biomarkers of β Cell Death and Stress in T1D



Type 1 Diabetes

Genetic
Predisposition

β cell Injury
Insulitis

“Pre-diabetes”

Diabetes

β
ce

ll 
m
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s 

an
d/

or
 fu

nc
tio

n
Environmental Trigger

Multiple Antibody Positive

Waxing/Waning Autoimmunity



Inflammation 
(Environment)

Inflammatory Signaling
(NO, MAPK, Ox Stress)

Proinsulin
Chromogranin
GAD65
Zn-T8
IA-2

Autoimmunity

β cell Stress/Death
PTMs
Neoantigen exposureTranslation

ER stress

Maganti, et al, Islets 2014

Biomarkers

Autoimmunity Develops Late in Type 1 Diabetes Pathogenesis



Sims et al. Diabetologia 2018

Development of Biomarkers for Identification of Early β-cell Stress in T1D 

Proinsulin
IAPP
C-pep
Insulin

Proteins
miRNAs
mRNAs
lncRNAs
AS mRNAs

DNA



Epigenetics-based DNA Biomarkers

Healthy Pancreatic Islet β cells of the islet die β cell DNA liberated into the circulation

unmethylated CpG
methylated CpG

X

β cell

non β cell

INS DNA

INS DNA



Utility of INS T1D

Unmethylated Methylated

Syed et al., Unpublished



Selected Gastrointestinal and 
Liver Disorders

Naga Chalasani, MD
David W Crabb Professor & Associate Dean for 

Clinical Research
Indiana University School of Medicine

nchalasa@iu.edu



Hepatorenal Syndrome
• A nearly universal complication in individuals 

with decompensated cirrhosis and ascites
• Oliguria and anuria with progressive 

worsening of renal function
• Current diagnosis is based on excluding other 

causes of acute renal failure
• A blood based test that accurately diagnoses 

hepatorenal syndrome (or impending HRS) 
would be highly desirable 



• Adenocarcinoma of the esophagus 
is increasing in its incidence –
linked to obesity, GERD, and 
Barrett’s esophagus

• Barrett’s esophagus can VERY 
RARELY progress through stages of 
low to high grade dysplasia and 
esophageal adenocarcinoma

• Sampling error is a problem 
• An imaging diagnostic to identify 

dysplasia and cancer is an unmet 
need

Dysplasia and cancer in Barrett’s 
esophagus

Spechler SJ, Souza RF.  N Engl J Med 2014; 371: 836-845



Hyperplastic polyps in Colon

• Colonoscopy is the primary modality for CRC 
screening.  Adenomatous polyps are 
precancerous whereas hyperplastic polyps are 
not.

• Currently,  endoscopists have to remove them 
and send to pathology to tell which polyps are 
hyperplastic.

• Imaging based diagnostic for hyperplastic polyps 
would reduce the expense of polypectomy and 
pathology.



Pancreatic Cysts

• Pancreatic adenocarcinoma is increasing in its 
incidence.  Due to wide spread use of abdominal 
imaging, a large number of individuals are 
detected to have pancreatic cysts.  

• Some mucinous types of pancreatic cysts can turn 
into pancreatic cancer. 

• Size and location of the cysts and cyst fluid 
characteristics can identify patients at risk for 
pancreatic cancer. Serial imaging is common. 

• A blood based diagnostic is highly desirable in risk 
stratifying pancreatic cysts 

Elta GH, et al.  ACG Practice Guideline February 2018



Diagnostics Inventors 

Challenge

•Catalyze the development of novel 
disease detection diagnostic 
technologies
•Surgery focus

•Leonidas G. Koniaris MD



Surgical Disease Detection 
Technologies

What a surgeon does:

 Maintain or return to normal homeostasis

 Fix anatomical blocks or leaks to organs and 
tissues

 Remove pathological tissues 

 Reconstruct broken mechanisms around 
movement

 Cover holes and exposed inner tissues 



Areas for diagnostics

 Pre-operative

 Intra-operative

 Post-operative



Areas for diagnostics

Pre-operative

 Rapid means to determine nutritional status prior 
to surgery

 Rapid means to determine pre-existent problems 
that may cause complications

 Rapid methods to determine bacterial infections



Areas for diagnostics

Intra-operative

 Understand margin status during resection

 Improved understanding of anatomy during 
procedure

 Understand when a reconstruction is 
subpar/problematic



Areas for diagnostics

Post-operative

 Rapid methods to determine infectious 
complications

 Rapid methods to determine other life 
threatening complications (clot, MI)







Search for Biomarkers and Mediators of COPD/Emphysema

EMAP II

• Chronic bronchitis affects airways and 
breathing

• Emphysema reduces gas exchange and 
breathing

• Induced mainly by cigarette smoke exposure. 
Also caused by genetics (Alpha-1 Antitrypsin 
Deficiency) and HIV infection

• Progressive disease even after cessation of 
smoking

• Involves cell death and protease activation

Diagnosis through: 
• pulmonary function test 

(PFT)
• Computer tomography

Further Diagnostics:
• Bronchoalveolar lavage fluid 

(BAL)
• Sputum samples

Problem 1:  Plasma EMAPII does not match well with 
lung function  

Problem 2:  EMAP II exists on 1. surface of cells, 2. 
in solution, 3. exist as pro- and mature EMAP II



HIV-Nef expression Correlates with EMAPII in BAL 
Derived Cells and Extracellular Vesicles 

EMAP II 
EV

EV

Purification of EMAP II positive EV 
through adsorption to EMAP II 
antibodies

EMAP II antibody
coating

1. Diagnostics: Can we use 
this to detect toxic cargo
2. Therapy: Can we use 
EMAPII antibodies to 
deplete toxic cargo



Genomics, Bioinformatics and 
Data Sciences

Yunlong Liu, PhD
MMGE, CCBB, CMG, PHI

Kun Huang, PhD
HemaOnc, PHI, CCBB, CBMI



Center for Medical Genomics

Instruments Services
Illumina NovaSeq 6000 (2) DNA-seq (WGS, WES, panels)

HiSeq 4000 RNA-seq (mRNA, total RNA, FFPE, miRNA)
NextSeq 500 ChIP-seq, CLIP-seq, ATAC-seq
MiSeqDX DNA methylation

Life Tech Ion Proton Metagenomics (16S, shortgun)
Oxford N Nanopore MinION long range/linked reads sequencing
10X 10X Chromimum System single cell/nuclei RNA-seq
Fluidigm C1 (flow core) single cell ATAC-seq

CyTOF (flow core) single cell CNV
single cell protein markers

Qiagen Qiasympany, … RNA/DNA extraction from blood
Beckman Biomek FXP library preparation for 96 samples in one batch
Hamilton Microlab Star

sequencing ● single cell ● genotyping

• High quality service
• Fast turnaround time
• Affordable price

2017-2018
• Project completed: 497
• PIs served: 180
• Total Revenue: $3.3 M

Mission



PHI Data Science and Informatics
deep phenotyping ● integration ● AI ● visualization

“High malignancy” 
group

“Low malignancy” 
group

Proteins Cytoband

MYOCD 17p11.2
MKL1 22q13
MKL2 16p13.12

FLYWCH2 16p13.3
CISD3 17q12
HN1L 16p13.3

STUB1 16p13.3

SUCLG1 2p11.2
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Chandan K Sen, PhD

Executive Director, IU Health Comprehensive Wound Center

INDIANA UNIVERSITY
INDIANA CENTER FOR REGENERATIVE 
MEDICINE AND ENGINEERING

Disease Diagnostics INventors Challenge



INDIANA UNIVERSITY SCHOOL OF MEDICINEINDIANA UNIVERSITY SCHOOL OF MEDICINE

bacteria

wound bed post-excision

superficial layer

bacteria
Patient died 

multiple organ failure

How to detect 
bacteria

 Pseudomonas aeruginosa –PyocyaninWound Biofilm



INDIANA UNIVERSITY SCHOOL OF MEDICINEINDIANA UNIVERSITY SCHOOL OF MEDICINE

 Staphylococcus aureus – Leukocidin

 Acinitobacter baumannii – Porins (ompA)

 Klebsiella pneumonia – Enterotoxin

 Pseudomonas aeruginosa –Pyocyanin

can we detect bacterial signature?
wound metabolomics

Mass-customizable, low cost, disposable, colorimetric, 
chronological, in-situ biofilm detection system

Courtesy: Dr. Rahim, Purdue University

Direction of 
increased 
biofilm 
formation



Supersoakers
Diagnosing and treating acute kidney injury through the development of 

controlled infusion technology to restore renal function. 
Team Members: Robert Bacallao (IU), Mark Carlsen (Purdue), Mike 

Everly (Purdue)



Acute Kidney Failure

2x of dialysis-requiring AKI incidence in past 10 years[8]

7x increase in likelihood of death[2]

↓ urine output  + ↑ serum creatinine 

watchful waiting

4x increase in length of hospital stay[2]

4x increase in likelihood of transfer to ICU[2]

DIAGNOSTIC

CURRENT TREATMENT PLAN

OUTCOMES



Acute Kidney Failure

Decreased renal perfusion
Surgery
Sepsis

Hypotension
Contrast Induced

36M Admissions[5]

2.5M 
AKI Episodes

7%[6]

Current therapies:

Dialysis-doesn’t reverse the acute kidney
failure, it is expensive, it increases length
of hospital stay.

Clearly there is a compelling market need 
for improvement in care.



Our Solution-a retrograde perfusion device 
that memorializes or experimental work



Current Status

• Programmable perfusion pumps have been purchased.
• Computer board is being assembled.
• Plan for ex vivo testing late January
• Plan for in vivo testing early March
• Design coordinated with lead catheter engineer 



Ongoing challenges

• Need to raise monies for the next phase of development
• Generation I catheter
• Testing in porcine model of acute kidney injury
• Team assembly for pre-clinical finishing of engineering design
• FDA approval pathway needs to be identified.



THIS JUST IN!!!

• SBIR grant to perform studies in porcine model received a competitive 
score.

• Thanks to Dr. Sors, Shankar, Hess, and Moe for continued support.



IU CPR Team Update
Aline Elquist1; Jack G. Schneider, MD2; Christopher L. Emery, 

MD3; Na (Luna) Lu1 ,Thomas E. Davis, MD3; 

1 Purdue University Sustainable Materials and Renewable Technology (SMART) Lab,  
2Ryan White Center for Pediatric Infectious Disease and Global Health, Indiana 

University School of Medicine, 3Department of Pathology and Laboratory Medicine, 
Indiana University School of Medicine



Update
iAST

Measuring electromechanical impedance for rapid antimicrobial susceptibility testing (AST)

• Expanded organisms and antibiotics tested 
• 6 organisms 
• 12 antibiotics: penicillins, cephalosporins, quinolones, carbapenems, 

monobactams, oxazolidinone, glycopeptide, glycylcycline, lipopeptide 
• High correlation of results to standard methods – 92% within CLSI range

• Developed a Matlab program to take multiple measurements at each antibiotic 
concentration for future testing. Total testing time is ~ 10 minutes

X. Xu, C.L. Emery et. al. ASM Microbe 2016. 



Milestones & Timeline

• Milestone 1 – Complete
• Developed a testing procedure and software to analyze results rapidly

• Milestone 2 – Complete protocols for PZT sensor – In progress
• Focus on sensor design and fabrication methods to improve consistency 

and reliability 
• Determine lower limit of detection (LOD)

• Milestone 3 – Compare MICs and interpretive results – In progress
• Continue to expand organisms tested using iAST



Challenges

• Sensor fabrication – We are investigating new fabrication techniques that will allow 
for a more consistent and scalable approach to sensor fabrication

• Impedance analyzer communication – Computer programming for real-time, 
automated measurements and analysis has been a challenge. 

• Software development – creating a user-friendly interface to automatically display 
the susceptibility and MIC

• Find a low-cost impedance analyzer for global implementation 



A multiplex-able platform for 
bacteriuria by signal ion emission 
reactive release amplification 
(SIERRA)

Zane Baird1, Zehui Cao1, Gerald Denys2, Christina 
Ferreira3, Michael Pugia1

1Indiana Biosciences Research Institute, 1345 W. 16th St. #300, Indianapolis, IN, USA
2IU Health and Pathology, 350 West 11th Street, Indianapolis, IN, USA
3Purdue University, Bindley Bioscience Center, 1275 3rd Street, West Lafayette, IN, 
USA
4Submitting lead organization: mpugia@indianabiosciences.org



The TEAM
Michael Pugia, PhD
IBRI
Research Fellow, Director of the 
Single Cell Analytics Center (SCAC) 
• 20  IVD product approvals
• 56 U.S. patents 
• 34  active US applications
• 470 world wide patent filings

Zane Baird, PhD
IBRI
Staff Scientist - SCAC
• Device design and fabrication
• Instrumentation
• Assay development
• Mass spectrometry

Zehui Cao, PhD
IBRI
Senior Staff Scientist - SCAC
• Molecular assay development
• Next Generation Sequencing 

(NGS)

Gerald Denys, PhD
IU
Professor of Pathology 
and Laboratory 
Medicine, IU Health and 
Pathology
• Directed numerous 

clinical trial
• Clinical validation of 

novel microbiological 
assays

Christina Ferreira, 
PhD
Purdue
Lipidomics Research 
Scientist, Purdue 
University
• Metabolomic and 

lipidomic profiling
• High-throughput MS 

screening



Need for rapid & accurate bacteriuria analysis

Diagnostic problems
• Treat based on symptoms
• Only culture positive urinalysis  which 

has a 46 % PPV & does not detect 
Gram (+)

• Lab runs ~600 samples/day and only 
~30% positives confirmed

• Negative strip leads to expensive 
molecular testing ($1200/patient) but 
still no culture

• 24-48 hrs to culture result & 3 -5 day to 
report requires manual review of 
cultures

10-24 hrs

Streak 
& 

culture

Manual 
review

Susceptibilit
y

ID

4-10 hrsSample 
receipt

0.5-6 
hrs

Disease Burden
• $3.5B annual (2015)
• $464M Pediatric (2011)

• 18.6% annual increase from 2006-2011
• Leading cause of renal disease

Treatment and risks
• Antibiotic resistance due to 30-60% 

of prescriptions  being unnecessary 
• B-Lactams only effective for gram(-)
• Board spectrum  cause microbiome 

disruption

Final 
Result

s

15 min
Gram+/
Gram -

<1 h ID and 
enumeratio

n

Sample 
receipt

< 6 h
Bacterial 

resistance 
and

ID genes



NeutrAvidin
• Dylight 488
• SAT(PEG)4

s

Detection Antibody
• Dylight 550
• LC-biotin

Silica nanoparticle
• NH2 surface
• 80 nm

Alkaline 
Phosphatase 
(ALP) – LC-biotin

s
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Signal Ion Emission Reactive Release Amplification
Nanoparticles

• Mass Spectrometric 
Immunoassay (MS-IA)  based 
on releasable mass labels 
(RML) 

• Multiplexable quantitation at 
LAB for uorpathogens without 
culture

• Electrochemical Immunoassay 
(EC-IA) for POC for gram -/+ 
with out culture

• Non-destructive and PCR, & 
NGS compatible for DNA/RNA 
analysis

• 10^3  amplification over high 
sensitivity chemiluminescence 



0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45

0 200 400

Si
gn

al
 R

at
io

 (R
M

L/
IS

)

SKBR3 Cell Count

MS-IA response for cancer cells 
(25 cell sensitivity) 

Cell detection using SIERRA Nanoparticles

MS-IA response for S. Aureus
(10^4 cell sensitivity) 

0.0001

0.001

0.01

0.1

1

10

1.
0E

+0
3

1.
0E

+0
4

1.
0E

+0
5

1.
0E

+0
6

1.
0E

+0
7

1.
0E

+0
8

1.
0E

+0
9

Si
gn

al
 R

at
io

(R
M

L/
IS

)
S. Aureus CFU/mL



-0.1

0.1

0.3

0.5

0.7

5 15 25 35 45

Fl
uo

re
sc

en
ce

Ct
10^3 R 16S 10^3 R CTX 10^3 R 16S
10^3 R CTX Blank 16S Blank CTX
Blank 16S Blank CTX

-0.2
0.0
0.2
0.4
0.6
0.8

5 15 25 35 45

Fl
uo

re
sc

en
ce

Ct

R² = 0.9958

20

30

40

100 1000 10000 100000

C
t

E. coli cell number

Partial 16S sequences of the non-resistant and resistant strains. Mostly identical but highlighted shows 
sequence differences:
>Non-resistant_16S 
GGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAA
GTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACAGAACTTTCCAGAGATGGATTGG
TGCCTTCGGGAACTGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGC
AACAGGCGCAACCCAACA
>Resistant_16S
GGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAA
GTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGATGAGAATG
TGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCG
CAACGGGCGCAACCCAAC

Bacterial DNA analysis after MS-IA or EC-IA

qPCR for CTX-M AMR  gene and 16S 
amplification for 10^3 E. coli

non-resistant E. coli

Quantification of CTX-M AMR gene from 
resistant for > 10^2 E. coli

16S sequencing shows strain 
differencesresistant E. coli



Best Practices for Dx Challenge

Connect technology to clinical application by starting with diagnostic problem

Review standards of practice and latest approaches in clinic

Develop key performance features needed  for ideal solution

Talk to key product developers to avoid pit-falls in your approaches

Outline grant application and papers goals at start to get proof of principle 
done

Assess real world testing environment with KOL and identify opportunities to 
challenge the technology



Developing new Therapies for  
Pulmonary Arterial Hypertension 

Roberto Machado (robmacha@iu.edu)
Tom Driver (tgd@uic.edu)



PAH Kills and Current Therapies Mostly 
Treat Symptoms

Reversing pulmonary vascular remodeling is an unmet need

Normal

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Years of follow up

PAH Survival
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34%Median survival 2.8 years



NAMPT Promotes Pulmonary Vascular Remodeling and NAMPT 
Inhibition Reverses Pulmonary Vascular Remodeling in Severe 

Experimental PH models
Can we develop a lung/vascular targeted delivery system?

Nanoparticle Drug Delivery
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