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Introduction and Contribution

Abemaciclib

Dabrafenib
The serum 

concentration decrease

Itraconazole

The risk or severity of 
adverse effects increase

Drugs DDI EventsDDI

Key Contribution:

A new multimodal deep neural network with a 
two-pathway framework including the drug 
knowledge graph pathway and the heterogeneous 
feature pathway. 
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<latexit sha1_base64="PZ9ZKO5e3lMPSVq4dXO629Zcnyg=">AAAB7HicbVC7SgNBFJ2NrxhfUUubwSBYhV0JahmwsYzgJoFkCbOzk2TI7Mwyc1cIS77BxkJRwcq/8CfsrPIfVk4ehSYeuHA4517uvSdMBDfgul9ObmV1bX0jv1nY2t7Z3SvuH9SNSjVlPlVC6WZIDBNcMh84CNZMNCNxKFgjHFxN/MYd04YreQvDhAUx6Une5ZSAlfy2ihR0iiW37E6Bl4k3J6Xq+cv3x9t4XOsUP9uRomnMJFBBjGl5bgJBRjRwKtio0E4NSwgdkB5rWSpJzEyQTY8d4ROrRLirtC0JeKr+nshIbMwwDm1nTKBvFr2J+J/XSqF7GWRcJikwSWeLuqnAoPDkcxxxzSiIoSWEam5vxbRPNKFg8ynYELzFl5dJ/azsVcqVG5tGgmbIoyN0jE6Rhy5QFV2jGvIRRRzdo0f05EjnwXl2XmetOWc+c4j+wHn/AeXklBY=</latexit>
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<latexit sha1_base64="fw9+KEIOhGSbumWc1nue2ex7oUo=">AAAB+HicbVDLSsNAFJ1UbWurNurSzWAR6sKSSEGXRTcuK9gHtjFMJpN26GQSZiZCDfkEv8CNC0Xc9lPc+TdOHwttPXDhcM693HuPFzMqlWV9G7mNza18obhdKu/s7lXM/YOOjBKBSRtHLBI9D0nCKCdtRRUjvVgQFHqMdL3x9czvPhIhacTv1CQmToiGnAYUI6Ul16wQN/Vdmj2kNXZmn2auWbXq1hxwndhLUm3e56dXhfJzyzW/Bn6Ek5BwhRmSsm9bsXJSJBTFjGSlQSJJjPAYDUlfU45CIp10fngGT7TiwyASuriCc/X3RIpCKSehpztDpEZy1ZuJ/3n9RAWXTkp5nCjC8WJRkDCoIjhLAfpUEKzYRBOEBdW3QjxCAmGlsyrpEOzVl9dJ57xuN+qNW51GDBYogiNwDGrABhegCW5AC7QBBgl4AW/g3XgyXo0P43PRmjOWM4fgD4zpD/YFlP4=</latexit>
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<latexit sha1_base64="Mp8O2YM+EISN688YKFNnp4MQobs=">AAAB+HicbVC7SgNBFJ2NrxgfWbUSm8EgxMKwKwEtAzaWEcwDknWZndxNhsw+mJkV4rJg7S/YWChiY2Hld9j5N04ehSYeuHA4517uvceLOZPKsr6N3NLyyupafr2wsbm1XTR3dpsySgSFBo14JNoekcBZCA3FFId2LIAEHoeWN7wY+61bEJJF4bUaxeAEpB8yn1GitOSaRXBT4drZTVrmJ/Zx5polq2JNgBeJPSOlWvPh8377fb/uml/dXkSTAEJFOZGyY1uxclIiFKMcskI3kRATOiR96GgakgCkk04Oz/CRVnrYj4SuUOGJ+nsiJYGUo8DTnQFRAznvjcX/vE6i/HMnZWGcKAjpdJGfcKwiPE4B95gAqvhIE0IF07diOiCCUKWzKugQ7PmXF0nztGJXK9UrnUaMpsijA3SIyshGZ6iGLlEdNRBFCXpEz+jFuDOejFfjbdqaM2Yze+gPjI8fBh6Vzg==</latexit>
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<latexit sha1_base64="8NeMnVH0tmJMijCYbRTl/l+EUU4=">AAAB+HicbVA9SwNBEN2LXzFqcmolNodBiIXhLgS0DNhYRjAfkMRjbzOXLNnbO3b3hHgcWPsXbCwUsbGw8nfY+W/cfBSa+GDg8d4MM/O8iFGpbPvbyKysrq1vZDdzW9s7+YK5u9eUYSwINEjIQtH2sARGOTQUVQzakQAceAxa3uhi4rduQUga8ms1jqAX4AGnPiVYack1C+Amwq2kN0mJnTonqWsW7bI9hbVMnDkp1poPn/f594O6a351+yGJA+CKMCxlx7Ej1UuwUJQwSHPdWEKEyQgPoKMpxwHIXjI9PLWOtdK3/FDo4sqaqr8nEhxIOQ483RlgNZSL3kT8z+vEyj/vJZRHsQJOZov8mFkqtCYpWH0qgCg21gQTQfWtFhligYnSWeV0CM7iy8ukWSk71XL1SqcRoRmy6BAdoRJy0BmqoUtURw1EUIwe0TN6Me6MJ+PVeJu1Zoz5zD76A+PjBwerlc8=</latexit>

e(l�1)
di

<latexit sha1_base64="fw9+KEIOhGSbumWc1nue2ex7oUo=">AAAB+HicbVDLSsNAFJ1UbWurNurSzWAR6sKSSEGXRTcuK9gHtjFMJpN26GQSZiZCDfkEv8CNC0Xc9lPc+TdOHwttPXDhcM693HuPFzMqlWV9G7mNza18obhdKu/s7lXM/YOOjBKBSRtHLBI9D0nCKCdtRRUjvVgQFHqMdL3x9czvPhIhacTv1CQmToiGnAYUI6Ul16wQN/Vdmj2kNXZmn2auWbXq1hxwndhLUm3e56dXhfJzyzW/Bn6Ek5BwhRmSsm9bsXJSJBTFjGSlQSJJjPAYDUlfU45CIp10fngGT7TiwyASuriCc/X3RIpCKSehpztDpEZy1ZuJ/3n9RAWXTkp5nCjC8WJRkDCoIjhLAfpUEKzYRBOEBdW3QjxCAmGlsyrpEOzVl9dJ57xuN+qNW51GDBYogiNwDGrABhegCW5AC7QBBgl4AW/g3XgyXo0P43PRmjOWM4fgD4zpD/YFlP4=</latexit>

e(l)Ns
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<latexit sha1_base64="b0Efei15MZVsKeNgylAv1g3no6o=">AAACB3icbVDLSsNAFJ34rPUVdSlIsAjtpiRS0GVBF4IgFexD2hgmk2k7dDIJMxOhDNkJ4q+4caGIK8EPcOPOv3HSdqGtBy4czrmXe+/xY0qEtO1vY25+YXFpObeSX11b39g0t7YbIko4wnUU0Yi3fCgwJQzXJZEUt2KOYehT3PQHJ5nfvMVckIhdyWGM3RD2GOkSBKWWPHMPe6oTQtlHkKqL1FMiTW9UkZbSYuCRkmcW7LI9gjVLnAkpVK/vz99PxWfNM786QYSSEDOJKBSi7dixdBXkkiCK03wnETiGaAB7uK0pgyEWrhr9kVoHWgmsbsR1MWmN1N8TCoZCDENfd2Yni2kvE//z2onsHruKsDiRmKHxom5CLRlZWShWQDhGkg41gYgTfauF+pBDJHV0eR2CM/3yLGkclp1KuXKp04jBGDmwC/ZBETjgCFTBGaiBOkDgDjyCZ/BiPBhPxqvxNm6dMyYzO+APjI8fFXadRw==</latexit>

e(l�1)
di

<latexit sha1_base64="fw9+KEIOhGSbumWc1nue2ex7oUo=">AAAB+HicbVDLSsNAFJ1UbWurNurSzWAR6sKSSEGXRTcuK9gHtjFMJpN26GQSZiZCDfkEv8CNC0Xc9lPc+TdOHwttPXDhcM693HuPFzMqlWV9G7mNza18obhdKu/s7lXM/YOOjBKBSRtHLBI9D0nCKCdtRRUjvVgQFHqMdL3x9czvPhIhacTv1CQmToiGnAYUI6Ul16wQN/Vdmj2kNXZmn2auWbXq1hxwndhLUm3e56dXhfJzyzW/Bn6Ek5BwhRmSsm9bsXJSJBTFjGSlQSJJjPAYDUlfU45CIp10fngGT7TiwyASuriCc/X3RIpCKSehpztDpEZy1ZuJ/3n9RAWXTkp5nCjC8WJRkDCoIjhLAfpUEKzYRBOEBdW3QjxCAmGlsyrpEOzVl9dJ57xuN+qNW51GDBYogiNwDGrABhegCW5AC7QBBgl4AW/g3XgyXo0P43PRmjOWM4fgD4zpD/YFlP4=</latexit>

e(l�1)
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<latexit sha1_base64="lF3BiywcVSSgZ5IKqZAUFATIgxc=">AAAB+HicbVC7SgNBFL0bXzFGs2ppMxiEWBh2Q0DLgI1lBPOAZF1mJ5NkyOyDmVkxLuuP2FgoYmvnb9jZ+SXi5FFo4oELh3Pu5d57vIgzqSzr08isrK6tb2Q3c1v57Z2CubvXlGEsCG2QkIei7WFJOQtoQzHFaTsSFPsepy1vdD7xWzdUSBYGV2ocUcfHg4D1GcFKS65ZoG6i3Ep6nZT4iX2cumbRKltToGViz0mx1ry9/85/vddd86PbC0ns00ARjqXs2FaknAQLxQinaa4bSxphMsID2tE0wD6VTjI9PEVHWumhfih0BQpN1d8TCfalHPue7vSxGspFbyL+53Vi1T9zEhZEsaIBmS3qxxypEE1SQD0mKFF8rAkmgulbERligYnSWeV0CPbiy8ukWSnb1XL1UqcRwQxZOIBDKIENp1CDC6hDAwjE8ABP8GzcGY/Gi/E6a80Y85l9+APj7Qdi6JbT</latexit>

e(l�1)
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<latexit sha1_base64="drxYLYnPOJIMimrm/CNYoyMGxhg=">AAAB+HicbVBNS8NAEJ34WWu1UY9egkWoB0siBT0WvHisYD+gjWGz3bRLN5uwuxFriH/EiwdFvHrzb3jz5i8Rtx8HbX0w8Hhvhpl5fsyoVLb9aSwtr6yurec28puFre2iubPblFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/PB/7rRsiJI34lRrFxA1Rn9OAYqS05JlF4qXKc7LrtMyOnaPMM0t2xZ7AWiTOjJRqzdv778LXe90zP7q9CCch4QozJGXHsWPlpkgoihnJ8t1EkhjhIeqTjqYchUS66eTwzDrUSs8KIqGLK2ui/p5IUSjlKPR1Z4jUQM57Y/E/r5Oo4MxNKY8TRTieLgoSZqnIGqdg9aggWLGRJggLqm+18AAJhJXOKq9DcOZfXiTNk4pTrVQvdRoxTJGDfTiAMjhwCjW4gDo0AEMCD/AEz8ad8Wi8GK/T1iVjNrMHf2C8/QBhW5bS</latexit>

e(l)di

<latexit sha1_base64="y3FUUMmWoP6UwpdEgL+CjuPiIJc=">AAAB9HicbVBNS8NAEN1UbWvrR9Wjl2AR6qUkUtBj0YvHCvYDawybzaRdutnE3U2hhPwEz148KOLVgz/Fm//G7cdBWx8MPN6bYWaeFzMqlWV9G7m19Y18obhZKm9t7+xW9vY7MkoEgTaJWCR6HpbAKIe2oopBLxaAQ49B1xtdTv3uGISkEb9RkxicEA84DSjBSksOuKnv0uw+rbGTzK1Urbo1g7lK7AWpNm/znxeF8mPLrXzd+RFJQuCKMCxl37Zi5aRYKEoYZKW7REKMyQgPoK8pxyFIJ50dnZnHWvHNIBK6uDJn6u+JFIdSTkJPd4ZYDeWyNxX/8/qJCs6dlPI4UcDJfFGQMFNF5jQB06cCiGITTTARVN9qkiEWmCidU0mHYC+/vEo6p3W7UW9c6zRiNEcRHaIjVEM2OkNNdIVaqI0IekBP6AW9GmPj2Xgz3uetOWMxc4D+wPj4AZw8lFs=</latexit>

e(l)dj

<latexit sha1_base64="cPvqRFrjqJcXzOr7YhvOHcduZSY=">AAAB9HicbVC7SgNBFL0bXzG+opYWGQxCLAy7EtAyYGMZwTwgWdfZ2dlkzOzDmdlAWPIdNhaK2Ar+gp2tnX/j5FFo4oELh3Pu5d573JgzqUzz28gsLa+srmXXcxubW9s7+d29howSQWidRDwSLRdLyllI64opTluxoDhwOW26/Yux3xxQIVkUXqthTO0Ad0PmM4KVlmzqpJ5zN7pJS/x45OSLZtmcAC0Sa0aK1dvCZ+Hk473m5L86XkSSgIaKcCxl2zJjZadYKEY4HeU6iaQxJn3cpW1NQxxQaaeTo0foSCse8iOhK1Roov6eSHEg5TBwdWeAVU/Oe2PxP6+dKP/cTlkYJ4qGZLrITzhSERongDwmKFF8qAkmgulbEelhgYnSOeV0CNb8y4ukcVq2KuXKlU4jhimycACHUAILzqAKl1CDOhC4hwd4gmdjYDwaL8brtDVjzGb24Q+Mtx8PIJVw</latexit>

……

l = 1

<latexit sha1_base64="2Yrx9D1MxbEGvo1c8ObK+t80AP4=">AAAB6nicbZDLSgMxFIbP1Futt3rZuQkWwVWZkYJuxIILXVa0F2iHkkkzbWiSGZKMUIc+ghsXirh17cO4c+k7+ACml4W2/hD4+P9zyDkniDnTxnU/nczC4tLySnY1t7a+sbmV396p6ShRhFZJxCPVCLCmnElaNcxw2ogVxSLgtB70L0Z5/Y4qzSJ5awYx9QXuShYygo21bviZ184X3KI7FpoHbwqF8+/7r8v3vbTSzn+0OhFJBJWGcKx103Nj46dYGUY4HeZaiaYxJn3cpU2LEguq/XQ86hAdWqeDwkjZJw0au787Uiy0HojAVgpseno2G5n/Zc3EhKd+ymScGCrJ5KMw4chEaLQ36jBFieEDC5goZmdFpIcVJsZeJ2eP4M2uPA+146JXKpau3UI5homysA8HcAQenEAZrqACVSDQhQd4gmeHO4/Oi/M6Kc04055d+CPn7QdQe5G1</latexit>

l = 2

<latexit sha1_base64="dQ04xHX8Kce2UVIGMzpGMfuYPGk=">AAAB6nicbZDLSgMxFIbPeK31Vi87N8EiuCozpaAbseBClxXtBdqhZNJMG5pkhiQj1KGP4MaFIm5d+zDuXPoOPoDpZaGtPwQ+/v8ccs4JYs60cd1PZ2FxaXllNbOWXd/Y3NrO7ezWdJQoQqsk4pFqBFhTziStGmY4bcSKYhFwWg/6F6O8fkeVZpG8NYOY+gJ3JQsZwcZaN/ys2M7l3YI7FpoHbwr58+/7r8v3/bTSzn20OhFJBJWGcKx103Nj46dYGUY4HWZbiaYxJn3cpU2LEguq/XQ86hAdWaeDwkjZJw0au787Uiy0HojAVgpseno2G5n/Zc3EhKd+ymScGCrJ5KMw4chEaLQ36jBFieEDC5goZmdFpIcVJsZeJ2uP4M2uPA+1YsErFUrXbr4cw0QZOIBDOAYPTqAMV1CBKhDowgM8wbPDnUfnxXmdlC440549+CPn7QdR/5G2</latexit>

l = 3

<latexit sha1_base64="V1IiMEH6sjs44r0lYnih5Ryg0m8=">AAAB6nicbZDLSgMxFIZPvNZ6q5edm2ARXJUZLehGLLjQZUV7gXYomTTThmYyQ5IR6tBHcONCEbeufRh3Ln0HH8D0stDWHwIf/38OOef4seDaOM4nmptfWFxazqxkV9fWNzZzW9tVHSWKsgqNRKTqPtFMcMkqhhvB6rFiJPQFq/m9i2Feu2NK80jemn7MvJB0JA84JcZaN+LsuJXLOwVnJDwL7gTy59/3X5fvu2m5lftotiOahEwaKojWDdeJjZcSZTgVbJBtJprFhPZIhzUsShIy7aWjUQf4wDptHETKPmnwyP3dkZJQ637o28qQmK6ezobmf1kjMcGpl3IZJ4ZJOv4oSAQ2ER7ujdtcMWpE3wKhittZMe0SRaix18naI7jTK89C9ajgFgvFaydfimGsDOzBPhyCCydQgisoQwUodOABnuAZCfSIXtDruHQOTXp24I/Q2w9Tg5G3</latexit>

e(0)dj

<latexit sha1_base64="HmTykxvU95vdtRmHS48yL4PNzck=">AAAB9HicbVC7SgNBFL0bXzG+opYWGQxCLAy7EtAyYGMZwTwgWdfZ2dlkzOzDmdlAWPIdNhaK2Ar+gp2tnX/j5FFo4oELh3Pu5d573JgzqUzz28gsLa+srmXXcxubW9s7+d29howSQWidRDwSLRdLyllI64opTluxoDhwOW26/Yux3xxQIVkUXqthTO0Ad0PmM4KVlmzqpJ5zN7pJS+bxyMkXzbI5AVok1owUq7eFz8LJx3vNyX91vIgkAQ0V4VjKtmXGyk6xUIxwOsp1EkljTPq4S9uahjig0k4nR4/QkVY85EdCV6jQRP09keJAymHg6s4Aq56c98bif147Uf65nbIwThQNyXSRn3CkIjROAHlMUKL4UBNMBNO3ItLDAhOlc8rpEKz5lxdJ47RsVcqVK51GDFNk4QAOoQQWnEEVLqEGdSBwDw/wBM/GwHg0XozXaWvGmM3swx8Ybz+zqZU0</latexit>

e(0)t3

<latexit sha1_base64="G6KTSZSjVM/tv7J2ic/KvVmKCkg=">AAAB9HicbVA9SwNBEN3zM8aoUUubxSDEJtxpQMuAjWUE8wHJeextJsmSvb1zdy8YjvNv2FgoYmvv37Cz85eIm49CEx8MPN6bYWaeH3GmtG1/WkvLK6tr65mN7GZua3snv7tXV2EsKdRoyEPZ9IkCzgTUNNMcmpEEEvgcGv7gYuw3hiAVC8W1HkXgBqQnWJdRoo3kgpdo7zS9SYr2cerlC3bJngAvEmdGCpX63f137uu96uU/2p2QxgEITTlRquXYkXYTIjWjHNJsO1YQETogPWgZKkgAyk0mR6f4yCgd3A2lKaHxRP09kZBAqVHgm86A6L6a98bif14r1t1zN2EiijUIOl3UjTnWIR4ngDtMAtV8ZAihkplbMe0TSag2OWVNCM78y4ukflJyyqXylUkjQlNk0AE6REXkoDNUQZeoimqIolv0gJ7QszW0Hq0X63XaumTNZvbRH1hvP6+BlfU=</latexit>

e(0)t5

<latexit sha1_base64="gBsBpGap4Zas8Jk7BLyjieoewtM=">AAAB9HicbVA9SwNBEN3zM8aoUUubxSDEJtxJRMuAjWUE8wHJeextJsmSvb1zdy8YjvNv2FgoYmvv37Cz85eIm49CEx8MPN6bYWaeH3GmtG1/WkvLK6tr65mN7GZua3snv7tXV2EsKdRoyEPZ9IkCzgTUNNMcmpEEEvgcGv7gYuw3hiAVC8W1HkXgBqQnWJdRoo3kgpdo7zS9SYr2cerlC3bJngAvEmdGCpX63f137uu96uU/2p2QxgEITTlRquXYkXYTIjWjHNJsO1YQETogPWgZKkgAyk0mR6f4yCgd3A2lKaHxRP09kZBAqVHgm86A6L6a98bif14r1t1zN2EiijUIOl3UjTnWIR4ngDtMAtV8ZAihkplbMe0TSag2OWVNCM78y4ukflJyyqXylUkjQlNk0AE6REXkoDNUQZeoimqIolv0gJ7QszW0Hq0X63XaumTNZvbRH1hvP7KXlfc=</latexit>

e(0)r4

<latexit sha1_base64="Hg12okcXGFoNm72xeCpPkzgE4V8=">AAAB9HicbVA9SwNBEN2LXzFqjFqJzWIQYhPuJKBlwMYygvmA5Dz2NpNkyd7eubsXCMeBtX/AxkIR29T+Djv/jZuPQhMfDDzem2Fmnh9xprRtf1uZtfWNza3sdm5ndy+/Xzg4bKgwlhTqNOShbPlEAWcC6pppDq1IAgl8Dk1/eD31myOQioXiTo8jcAPSF6zHKNFGcsFLpFdJ75OSfZ56haJdtmfAq8RZkGK18fT5mJ8c17zCV6cb0jgAoSknSrUdO9JuQqRmlEOa68QKIkKHpA9tQwUJQLnJ7OgUnxmli3uhNCU0nqm/JxISKDUOfNMZED1Qy95U/M9rx7p35SZMRLEGQeeLejHHOsTTBHCXSaCajw0hVDJzK6YDIgnVJqecCcFZfnmVNC7KTqVcuTVpRGiOLDpBp6iEHHSJqugG1VAdUfSAntErerNG1ov1bn3MWzPWYuYI/YE1+QFV05Ty</latexit>

e(0)r6

<latexit sha1_base64="KpZRmJSr/Wvokx/9/Ek/ecNW+So=">AAAB9HicbVC7SgNBFJ2NrxhfUSuxGQxCbMKuBLUM2FhGMA9I1mV2cpMMmZ1dZ2YDYVmw9gdsLBSxTe132Pk3Th6FJh64cDjnXu69x484U9q2v63Myura+kZ2M7e1vbO7l98/qKswlhRqNOShbPpEAWcCapppDs1IAgl8Dg1/cD3xG0OQioXiTo8icAPSE6zLKNFGcsFLpHeR3idF+yz18gW7ZE+Bl4kzJ4VK/enzcXd8VPXyX+1OSOMAhKacKNVy7Ei7CZGaUQ5prh0riAgdkB60DBUkAOUm06NTfGqUDu6G0pTQeKr+nkhIoNQo8E1nQHRfLXoT8T+vFevulZswEcUaBJ0t6sYc6xBPEsAdJoFqPjKEUMnMrZj2iSRUm5xyJgRn8eVlUj8vOeVS+dakEaEZsugYnaAictAlqqAbVEU1RNEDekav6M0aWi/Wu/Uxa81Y85lD9AfW+AdY6ZT0</latexit>

e(0)di

<latexit sha1_base64="95oIWtMkb6lkqtgujiWe4VWSVFk=">AAAB9HicbVBNS8NAEN1UbWvrR9Wjl2AR6qUkUtBj0YvHCvYDawybzaRdutnE3U2hhPwEz148KOLVgz/Fm//G7cdBWx8MPN6bYWaeFzMqlWV9G7m19Y18obhZKm9t7+xW9vY7MkoEgTaJWCR6HpbAKIe2oopBLxaAQ49B1xtdTv3uGISkEb9RkxicEA84DSjBSksOuKnv0uw+rVknmVupWnVrBnOV2AtSbd7mPy8K5ceWW/m68yOShMAVYVjKvm3FykmxUJQwyEp3iYQYkxEeQF9TjkOQTjo7OjOPteKbQSR0cWXO1N8TKQ6lnISe7gyxGsplbyr+5/UTFZw7KeVxooCT+aIgYaaKzGkCpk8FEMUmmmAiqL7VJEMsMFE6p5IOwV5+eZV0Tut2o9641mnEaI4iOkRHqIZsdIaa6Aq1UBsR9ICe0At6NcbGs/FmvM9bc8Zi5gD9gfHxA0DUlB8=</latexit>

e(0)r1

<latexit sha1_base64="sUaokNoPAyoO4Hd7UBjyPLl2V4A=">AAAB9HicbVA9SwNBEN2LXzFqjFqJzWIQYhPuJKBlwMYygvmA5Dz2NpNkyd7eubsXCMeBtX/AxkIR29T+Djv/jZuPQhMfDDzem2Fmnh9xprRtf1uZtfWNza3sdm5ndy+/Xzg4bKgwlhTqNOShbPlEAWcC6pppDq1IAgl8Dk1/eD31myOQioXiTo8jcAPSF6zHKNFGcsFLpOek90nJPk+9QtEu2zPgVeIsSLHaePp8zE+Oa17hq9MNaRyA0JQTpdqOHWk3IVIzyiHNdWIFEaFD0oe2oYIEoNxkdnSKz4zSxb1QmhIaz9TfEwkJlBoHvukMiB6oZW8q/ue1Y927chMmoliDoPNFvZhjHeJpArjLJFDNx4YQKpm5FdMBkYRqk1POhOAsv7xKGhdlp1Ku3Jo0IjRHFp2gU1RCDrpEVXSDaqiOKHpAz+gVvVkj68V6tz7mrRlrMXOE/sCa/ABRMpTv</latexit>

e(0)r2

<latexit sha1_base64="t/M2UjI4YT1nk3/IEJXqwfOuvOk=">AAAB9HicbVC7SgNBFJ2NrxhfUSuxGQxCbMJuCGgZsLGMYB6QrMvs5CYZMju7zswGwrJg7Q/YWChim9rvsPNvnDwKTTxw4XDOvdx7jx9xprRtf1uZtfWNza3sdm5nd2//IH941FBhLCnUachD2fKJAs4E1DXTHFqRBBL4HJr+8HrqN0cgFQvFnR5H4AakL1iPUaKN5IKXSK+c3idF+yL18gW7ZM+AV4mzIIVq4+nzcX9yUvPyX51uSOMAhKacKNV27Ei7CZGaUQ5prhMriAgdkj60DRUkAOUms6NTfG6ULu6F0pTQeKb+nkhIoNQ48E1nQPRALXtT8T+vHevelZswEcUaBJ0v6sUc6xBPE8BdJoFqPjaEUMnMrZgOiCRUm5xyJgRn+eVV0iiXnEqpcmvSiNAcWXSKzlAROegSVdENqqE6ougBPaNX9GaNrBfr3fqYt2asxcwx+gNr8gNSvZTw</latexit>

e(0)t1

<latexit sha1_base64="3OvSwmQFhrehXg47FPlAo7rhQnc=">AAAB9HicbVA9SwNBEN2LXzFGjVraLAYhNuFOAloGbCwjmA9IzrC32UuW7O2du3PBcJx/w8ZCEVt7/4adnb9E3HwUmvhg4PHeDDPzvEhwDbb9aWVWVtfWN7Kbua389s5uYW+/ocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXkz85ogpzUN5DeOIuQHpS+5zSsBILusm0HXSm6Rkn6TdQtEu21PgZeLMSbHauLv/zn+917qFj04vpHHAJFBBtG47dgRuQhRwKlia68SaRYQOSZ+1DZUkYNpNpken+NgoPeyHypQEPFV/TyQk0HoceKYzIDDQi95E/M9rx+CfuwmXUQxM0tkiPxYYQjxJAPe4YhTE2BBCFTe3YjogilAwOeVMCM7iy8ukcVp2KuXKlUkjQjNk0SE6QiXkoDNURZeohuqIolv0gJ7QszWyHq0X63XWmrHmMwfoD6y3H6xrlfM=</latexit>

e(0)t2

<latexit sha1_base64="KWCt8QWl7CRLEmiAMA6ehlzuSXk=">AAAB9HicbVA9SwNBEN3zM8aoUUubxSDEJtyFgJYBG8sI5gOSM+xt9pIle3vn7lwwHOffsLFQxNbev2Fn5y8RNx+FJj4YeLw3w8w8LxJcg21/Wiura+sbm5mt7HZuZ3cvv3/Q0GGsKKvTUISq5RHNBJesDhwEa0WKkcATrOkNLyZ+c8SU5qG8hnHE3ID0Jfc5JWAkl3UT6JbTm6Ron6bdfMEu2VPgZeLMSaHauLv/zn2917r5j04vpHHAJFBBtG47dgRuQhRwKlia7cSaRYQOSZ+1DZUkYNpNpken+MQoPeyHypQEPFV/TyQk0HoceKYzIDDQi95E/M9rx+CfuwmXUQxM0tkiPxYYQjxJAPe4YhTE2BBCFTe3YjogilAwOWVNCM7iy8ukUS45lVLlyqQRoRky6AgdoyJy0BmqoktUQ3VE0S16QE/o2RpZj9aL9TprXbHmM4foD6y3H632lfQ=</latexit>

……

Drug Knowledge Graph GNN Layer

Heterogeneous Features Heterogeneous Features Similarity

DKG-based Pathway

HF-based Pathway

l = 0

<latexit sha1_base64="+PF6rJnObtP68L05PKCLUuq6FnM=">AAAB6nicbZDLSgMxFIbP1Futt3rZuQkWwVWZkYJuxIILXVa0F2iHkkkzbWiSGZKMUIc+ghsXirh17cO4c+k7+ACml4W2/hD4+P9zyDkniDnTxnU/nczC4tLySnY1t7a+sbmV396p6ShRhFZJxCPVCLCmnElaNcxw2ogVxSLgtB70L0Z5/Y4qzSJ5awYx9QXuShYygo21bviZ284X3KI7FpoHbwqF8+/7r8v3vbTSzn+0OhFJBJWGcKx103Nj46dYGUY4HeZaiaYxJn3cpU2LEguq/XQ86hAdWqeDwkjZJw0au787Uiy0HojAVgpseno2G5n/Zc3EhKd+ymScGCrJ5KMw4chEaLQ36jBFieEDC5goZmdFpIcVJsZeJ2eP4M2uPA+146JXKpau3UI5homysA8HcAQenEAZrqACVSDQhQd4gmeHO4/Oi/M6Kc04055d+CPn7QdO95G0</latexit>

DDI Matrix

DB01296: P14780 Q00653 P01579…
DB00783: Q92731 P03372…
DB00749: P35354 P03372……

DB01296: P33261 Q05181…
DB00783: P08684 Q05177 P20815…
DB00749: P11712 O60656……

DB01296:

…
O

HO

HO

OH

OH

NH2 DB00783: OH

HO

CH3

HH

H

Multimodal Fusion Neural Layer

Xt

<latexit sha1_base64="0fT6kv2GwhJIoVRWNWdiDhEJgWs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA7mSRDZmeXmV4hLPkEQTwo4tV/8D88CH6LCE4eB00saCiquunuCmIpDLrup5NZWV1b38hu5ra2d3b38vsHdRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvBsDLxG7dcGxGpGxzF3A9pX4meYBStdN3sYCdfcIvuFGSZeHNSKFc+vttv91/VTv693Y1YEnKFTFJjWp4bo59SjYJJPs61E8Njyoa0z1uWKhpy46fTU8fkxCpd0ou0LYVkqv6eSGlozCgMbGdIcWAWvYn4n9dKsHfhp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNJ2dD8BZfXib1s6JXKpaubBoxzJCFIziGU/DgHMpwCVWoAYM+3MEjPDnSeXCenZdZa8aZzxzCHzivP/c8kug=</latexit>

Xs

<latexit sha1_base64="D9yJ+ueFrnrGlR76uRjz/3xNL88=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA7mSRDZmeXmV4hLPkEQTwo4tV/8D88CH6LCE4eB00saCiquunuCmIpDLrup5NZWV1b38hu5ra2d3b38vsHdRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvBsDLxG7dcGxGpGxzF3A9pX4meYBStdN3smE6+4BbdKcgy8eakUK58fLff7r+qnfx7uxuxJOQKmaTGtDw3Rj+lGgWTfJxrJ4bHlA1pn7csVTTkxk+np47JiVW6pBdpWwrJVP09kdLQmFEY2M6Q4sAsehPxP6+VYO/CT4WKE+SKzRb1EkkwIpO/SVdozlCOLKFMC3srYQOqKUObTs6G4C2+vEzqZ0WvVCxd2TRimCELR3AMp+DBOZThEqpQAwZ9uINHeHKk8+A8Oy+z1owznzmEP3BefwD1uJLn</latexit>

Xe

<latexit sha1_base64="/FNA7rTq2hX8K8HlLxJr0SynPrM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA76SRDZmeXmVkhLPkEQTwo4tV/8D88CH6LCE4eB00saCiquunuCmLBtXHdTyezsrq2vpHdzG1t7+zu5fcP6jpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMYViZ+4xaV5pG8MaMY/ZD2Je9xRo2Vrpsd7OQLbtGdgiwTb04K5crHd/vt/qvayb+3uxFLQpSGCap1y3Nj46dUGc4EjnPtRGNM2ZD2sWWppCFqP52eOiYnVumSXqRsSUOm6u+JlIZaj8LAdobUDPSiNxH/81qJ6V34KZdxYlCy2aJeIoiJyORv0uUKmREjSyhT3N5K2IAqyoxNJ2dD8BZfXib1s6JXKpaubBoxzJCFIziGU/DgHMpwCVWoAYM+3MEjPDnCeXCenZdZa8aZzxzCHzivP+CAktk=</latexit>

Modality 2:

Modality 1:

Feature

ŷij

<latexit sha1_base64="7pUquM3/liVnF01VXvnboz53njI=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwY0mkoMuKIC6r2Ac0oUymk3bsJBlmboQQsvQX3LjwgVt/xp1/4/Sx0NYDFw7n3Mu99/hScA22/W0VlpZXVteK66WNza3tnfLuXkvHiaKsSWMRq45PNBM8Yk3gIFhHKkZCX7C2P7oc++0HpjSPoztIJfNCMoh4wCkBI7nukECW5r2M3+e9csWu2hPgReLMSKV++/ZYv7o4afTKX24/pknIIqCCaN11bAleRhRwKlhechPNJKEjMmBdQyMSMu1lk5tzfGSUPg5iZSoCPFF/T2Qk1DoNfdMZEhjqeW8s/ud1EwjOvYxHMgEW0emiIBEYYjwOAPe5YhREagihiptbMR0SRSiYmEomBGf+5UXSOq06tWrtxqQh0RRFdIAO0TFy0Bmqo2vUQE1EkURP6AW9Won1bL1bH9PWgjWb2Ud/YH3+AG5qlQM=</latexit>

di

<latexit sha1_base64="0QsgwEzbpT/67x4fOc/EJJf+9kQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA7O5sMmZ1ZZmaFsOQTBPGgiFf/wf/wIPgtIjh5HDSxoKGo6qa7K0g408Z1P53cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2gHWlDNBG4YZTtuJojgOOG0Fw9rEb91SpZkUN2aUUD/GfcEiRrCx0nXYY71iyS27U6Bl4s1JqVr7+O6+3X/Ve8X3bihJGlNhCMdadzw3MX6GlWGE03Ghm2qaYDLEfdqxVOCYaj+bnjpGJ1YJUSSVLWHQVP09keFY61Ec2M4Ym4Fe9Cbif14nNdGFnzGRpIYKMlsUpRwZiSZ/o5ApSgwfWYKJYvZWRAZYYWJsOgUbgrf48jJpnpW9SrlyZdNIYIY8HMExnIIH51CFS6hDAwj04Q4e4cnhzoPz7LzMWnPOfOYQ/sB5/QH42JLp</latexit>

dj

<latexit sha1_base64="4U1Y2yGtxyM3QX5qMD/G/dTNdVI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJYRQSzjRz4gOcLe3l6yZnfv2N0TwpHS0sZCESvBX2Tnv3GTWGjig4HHezPMzAsSzrRx3S8nt7C4tLySXy2srW9sbhW3dxo6ThWhdRLzWLUCrClnktYNM5y2EkWxCDhtBoPzsd+8p0qzWN6aYUJ9gXuSRYxgY6WbsHvXLZbcsjsBmifeDylVr98fqhdnR7Vu8bMTxiQVVBrCsdZtz02Mn2FlGOF0VOikmiaYDHCPti2VWFDtZ5NTR+jAKiGKYmVLGjRRf09kWGg9FIHtFNj09aw3Fv/z2qmJTv2MySQ1VJLpoijlyMRo/DcKmaLE8KElmChmb0WkjxUmxqZTsCF4sy/Pk8Zx2auUK1c2jQSmyMMe7MMheHACVbiEGtSBQA8e4RleHO48Oa/O27Q15/zM7MIfOB/f7DOQog==</latexit>

E
0

di

<latexit sha1_base64="yFxKSQyeLCQTRUZX9AvxUOX4qmg=">AAAB8nicbVBNS8NAEN3Ur1q1Vj2Jl8UieiqJFPRYEMFjBfsBaQybzaZdutkNuxuhhIBn7148KOJVPPs7vPlv3H4ctPXBwOO9GWbmBQmjStv2t1VYWl5ZXSuulzY2t8rblZ3dthKpxKSFBROyGyBFGOWkpalmpJtIguKAkU4wvBj7nTsiFRX8Ro8S4sWoz2lEMdJGci/9LPRpfpsd536latfsCeAicWak2mg/fN6XP/abfuWrFwqcxoRrzJBSrmMn2suQ1BQzkpd6qSIJwkPUJ66hHMVEednk5BweGSWEkZCmuIYT9fdEhmKlRnFgOmOkB2reG4v/eW6qo3MvozxJNeF4uihKGdQCjv+HIZUEazYyBGFJza0QD5BEWJuUSiYEZ/7lRdI+rTn1Wv3apJGAKYrgAByCE+CAM9AAV6AJWgADAR7BM3ixtPVkvVpv09aCNZvZA39gvf8AhV+Uiw==</latexit>

E
0

dj

<latexit sha1_base64="/ZNCCwrfIiq8iXKMZcoxI/U57uo=">AAAB8nicbVDLSsNAFJ1UrbW+qi7dDBbRVUmkoMuCCC4r2AekMUwmk3bsZCbMTIQS8hcK4kIRt/6Ff+DOH3Ht9LHQ1gMXDufcy733BAmjStv2l1VYWl4prpbWyusbm1vblZ3dthKpxKSFBROyGyBFGOWkpalmpJtIguKAkU4wPB/7nTsiFRX8Wo8S4sWoz2lEMdJGci/8LPRv85vsKPcrVbtmTwAXiTMj1Ubv49Evft83/cpnLxQ4jQnXmCGlXMdOtJchqSlmJC/3UkUShIeoT1xDOYqJ8rLJyTk8NEoIIyFNcQ0n6u+JDMVKjeLAdMZID9S8Nxb/89xUR2deRnmSasLxdFGUMqgFHP8PQyoJ1mxkCMKSmlshHiCJsDYplU0IzvzLi6R9UnPqtfqVSSMBU5TAPjgAx8ABp6ABLkETtAAGAjyAZ/BiaevJerXepq0FazazB/7Aev8BffqVRQ==</latexit>

Edj

<latexit sha1_base64="1cp29MPHeHK0JlWAdIXYjxCWlY0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0ZEMFjBPOAJCyzs7PJmNnZYWZWCEt+wJsXD4p49e43+AF682+cPA4aLWgoqrrp7gokZ9q47peTW1hcWl7JrxbW1jc2t4rbOw2dpIrQOkl4oloB1pQzQeuGGU5bUlEcB5w2g8H52G/eUqVZIq7NUNJujHuCRYxgY6XmhZ+F/s3IL5bcsjsB+ku8GSlVG3fvZ6cfbzW/+NkJE5LGVBjCsdZtz5Wmm2FlGOF0VOikmkpMBrhH25YKHFPdzSbnjtCBVUIUJcqWMGii/pzIcKz1MA5sZ4xNX897Y/E/r52a6KSbMSFTQwWZLopSjkyCxr+jkClKDB9agoli9lZE+lhhYmxCBRuCN//yX9I4KnuVcuXKpiFhijzswT4cggfHUIVLqEEdCAzgHh7hyZHOg/PsvExbc85sZhd+wXn9BpPdk5s=</latexit>

Edi

<latexit sha1_base64="o0/iWH8YsoRMopmE5iHHB+6Cy9k=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQE8SEMFjAuYBSVhmZ2eTIbOzw8ysEJZ8hBdBRbx690+8+QH+gmcnj4MmFjQUVd10dwWSM21c99PJrayurW/kNwtb2zu7e8X9g6ZOUkVogyQ8Ue0Aa8qZoA3DDKdtqSiOA05bwfBq4rfuqNIsEbdmJGkvxn3BIkawsVLr2s9Cn439Ysktu1OgZeLNSalaq39dvj9+1/ziRzdMSBpTYQjHWnc8V5pehpVhhNNxoZtqKjEZ4j7tWCpwTHUvm547RidWCVGUKFvCoKn6eyLDsdajOLCdMTYDvehNxP+8Tmqii17GhEwNFWS2KEo5Mgma/I5CpigxfGQJJorZWxEZYIWJsQkVbAje4svLpHlW9irlSt2mIWGGPBzBMZyCB+dQhRuoQQMIDOEenuDZkc6D8+K8zlpzznzmEP7AefsBGOiT/w==</latexit>

Êdi

<latexit sha1_base64="IMkspLt2N/pXmWB8Pk2P0tv0E2k=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRS0JUURHDZgn1AG8JkMm2HTiZxZlIoId8hggtF3LrxT9z5Af6Ca6ePhbYeuHA4517uvcePOVPatj+t3Mrq2vpGfrOwtb2zu1fcP2iqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx9eTfzWiErFInGrxzF1Q9wXrMcI1kZyuwOs0+vMSwOPZV6xZJftKdAyceakVK3Vvy7fH75rXvGjG0QkCanQhGOlOo4dazfFUjPCaVboJorGmAxxn3YMFTikyk2nR2foxCgB6kXSlNBoqv6eSHGo1Dj0TWeI9UAtehPxP6+T6N6FmzIRJ5oKMlvUSzjSEZokgAImKdF8bAgmkplbERlgiYk2ORVMCM7iy8ukeVZ2KuVK3aQRwwx5OIJjOAUHzqEKN1CDBhC4g3t4gmdrZD1aL9brrDVnzWcO4Q+stx/yV5bM</latexit>

Êdj

<latexit sha1_base64="teSLAp4ejtbZzQO92o+HaKhUEdU=">AAAB9HicbVDLSsNAFJ3UV62vqks3g0VwVRIpqCsLIrisYB/QhjCZTNuxk0mcuSmUkB/wB9y4UMStG7/BD9Cdf+P0sdDqgQuHc+7l3nv8WHANtv1l5RYWl5ZX8quFtfWNza3i9k5DR4mirE4jEamWTzQTXLI6cBCsFStGQl+wpj84H/vNIVOaR/IaRjFzQ9KTvMspASO5nT6B9CLz0sC7ybxiyS7bE+C/xJmRUrVx9352+vFW84qfnSCiScgkUEG0bjt2DG5KFHAqWFboJJrFhA5Ij7UNlSRk2k0nR2f4wCgB7kbKlAQ8UX9OpCTUehT6pjMk0Nfz3lj8z2sn0D1xUy7jBJik00XdRGCI8DgBHHDFKIiRIYQqbm7FtE8UoWByKpgQnPmX/5LGUdmplCtXJo0YTZFHe2gfHSIHHaMqukQ1VEcU3aJ79IierKH1YD1bL9PWnDWb2UW/YL1+A21blmg=</latexit>

�

<latexit sha1_base64="sI3avnBkqbtJkd9g27nWN9TFtOU=">AAAB7XicbVC7SgNBFL0bXzG+opY2g0GwCrsiahmwsYxgHpCEMDuZTcbMzgwzs0JY8g82FkoQO7/Cn7Czyn9YOXkUmnjgwuGce7n3nlBxZqzvf3mZldW19Y3sZm5re2d3L79/UDUy0YRWiORS10NsKGeCViyznNaVpjgOOa2F/euJX3ug2jAp7uxA0VaMu4JFjGDrpGpTKp6Ydr7gF/0p0DIJ5qRQuhh9f7yNx+V2/rPZkSSJqbCEY2Maga9sK8XaMsLpMNdMDFWY9HGXNhwVOKamlU6vHaITp3RQJLUrYdFU/T2R4tiYQRy6zhjbnln0JuJ/XiOx0VUrZUIllgoyWxQlHFmJJq+jDtOUWD5wBBPN3K2I9LDGxLqAci6EYPHlZVI9KwbnxfNbl4aCGbJwBMdwCgFcQgluoAwVIHAPj/AML570nryR9zprzXjzmUP4A+/9B8qElJ0=</latexit>

Êdij

<latexit sha1_base64="tMtKAQgddi4FQlKjYzraLMH/h4g=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRIpqCsLIrisYB/QhjCZTNqxk0mYmRTKkB/wG9y4UMRtv8EP0J1/4/Sx0NYDFw7n3Mu99wQpo1I5zrdVWFldW98obpa2tnd29+z9g6ZMMoFJAycsEe0AScIoJw1FFSPtVBAUB4y0gsH1xG8NiZA04fdqlBIvRj1OI4qRMpJv290+Uvom93Xoa/qQ575ddirOFHCZuHNSrjUfP64uP8d13/7qhgnOYsIVZkjKjuukytNIKIoZyUvdTJIU4QHqkY6hHMVEenp6eQ5PjBLCKBGmuIJT9feERrGUozgwnTFSfbnoTcT/vE6mogtPU55minA8WxRlDKoETmKAIRUEKzYyBGFBza0Q95FAWJmwSiYEd/HlZdI8q7jVSvXOpJGCGYrgCByDU+CCc1ADt6AOGgCDIXgCL+DV0taz9Wa9z1oL1nzmEPyBNf4BfMGYGA==</latexit>

⇡(l)
(di,r2)

<latexit sha1_base64="59nhM4IOR4nmbD0SlDanz7e9mys=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovQgpSkFHRZcOOygmkLbYyTybQdOpmEmYlQQsAf8CPciCji1u8QXPgD/oZOHwttPXDhcM693HuPHzMqlWV9GguLS8srq7m1/PrG5ta2ubPbkFEiMHFwxCLR8pEkjHLiKKoYacWCoNBnpOkPzkZ+84YISSN+qYYxcUPU47RLMVJa8sz9Tky9tBh49Fh4lVJ2lRZZKfPMglW2xoDzxJ6SQu360fn++rire+Z7J4hwEhKuMENStm0rVm6KhKKYkSzfSSSJER6gHmlrylFIpJuOz8/gkVYC2I2ELq7gWP09kaJQymHo684Qqb6c9Ubif147Ud1TN6U8ThTheLKomzCoIjjKAgZUEKzYUBOEBdW3QtxHAmGlE8vrEOzZl+dJo1K2q+XqhU4jBhPkwAE4BEVggxNQA+egDhyAQQruwRN4Nm6NB+PFeJ20LhjTmT3wB8bbD4a8md0=</latexit>

MDNN learns the representations from multimodal 
data and mines the inter-modality similarities from 
multiple sources. 

MDNN exploits the topological structure 
information and semantic relations with drug 
knowledge graph. 
We conduct extensive experiments on a real-world 
dataset to demonstrate the effectiveness of our 
model compared with classic and the state-of-the-
art methods. 

Figure 1: An example of DDI events. When drug 
Abemaciclib and drug Dabrafenib interaction 
together, an DDI event will be occurred and cause 
the decrease of body’s serum concentration. 
However, it will raise the risk or severity of 
adverse effects when mixing drug Abemaciclib and 
drug Itraconazole. 

Figure 2: Illustration of the proposed MDNN, consisting of two core pathways: the DKG-based pathway 
and the HF-based pathway. (1) The DKG-based pathway utilizes the graph neural network to extract the 
topological structural information and semantic relations from the constructed drug knowledge graph 
(DKG). (2) The HF-based pathway mines the inter-modality similarities of each heterogeneous feature from 
multiple sources. (3) The multimodal fusion neural layer is applied to effectively assist the joint 
representation learning of both the structural information and attribute feature, which explore the cross-
modality complementarity of the multimodal data. 
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<latexit sha1_base64="iVU7QXV9BupnskOkkDfvHCGGb30=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8YgeAozEtCbAQ96TMAskAyhp1OTtOlZ6O4R4pAn8OJBEa8+gA/jzaPv4APYWQ6a+EPDx/9X0VXlxYIrbdufVmZpeWV1Lbue29jc2t7J7+7VVZRIhjUWiUg2PapQ8BBrmmuBzVgiDTyBDW9wOc4bdygVj8IbPYzRDWgv5D5nVBurKjr5gl20JyKL4MygcPF9/3X1fpBWOvmPdjdiSYChZoIq1XLsWLsplZozgaNcO1EYUzagPWwZDGmAyk0ng47IsXG6xI+keaEmE/d3R0oDpYaBZyoDqvtqPhub/2WtRPvnbsrDONEYsulHfiKIjsh4a9LlEpkWQwOUSW5mJaxPJWXa3CZnjuDMr7wI9dOiUyqWqnahHMNUWTiEIzgBB86gDNdQgRowQHiAJ3i2bq1H68V6nZZmrFnPPvyR9fYDXtWRMw==</latexit>

Ns

<latexit sha1_base64="pp5oQ+GvA2YcCrT877ymt9i+OS8=">AAAB9HicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DKQxkoimAdklzA7mU2GzM6uM7OBsOQf7GwsFLG19T8sBL9FBGeTFJp4YOBwzr3cM8ePOVPatj+t3Mrq2vpGfrOwtb2zu1fcP2iqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/WMr81olKxSNzocUy9EPcFCxjB2kieG2I9IJinV5Ou6hZLdtmeAi0TZ05K1drHt/t291XvFt/dXkSSkApNOFaq49ix9lIsNSOcTgpuomiMyRD3acdQgUOqvHQaeoJOjNJDQSTNExpN1d8bKQ6VGoe+mcxCqkUvE//zOokOLryUiTjRVJDZoSDhSEcoawD1mKRE87EhmEhmsiIywBITbXoqmBKcxS8vk+ZZ2amUK9emjRhmyMMRHMMpOHAOVbiEOjSAwC3cwyM8WSPrwXq2XmajOWu+cwh/YL3+AMx+l28=</latexit>

d

<latexit sha1_base64="ODqDa6rPCSjenZBHCoV7K6jiCeU=">AAAB6HicbZDJSgNBEIZr4hbjFpebl8EgeAozEtCbAQ96TMAskITQ01OTtOnpGbp7hDjkCbx4UMSrD+DDePPoO/gAdpaDJv7Q8PH/VXRVeTFnSjvOp5VZWl5ZXcuu5zY2t7Z38rt7dRUlkmKNRjySTY8o5ExgTTPNsRlLJKHHseENLsd54w6lYpG40cMYOyHpCRYwSrSxqn43X3CKzkT2IrgzKFx8339dvR+klW7+o+1HNAlRaMqJUi3XiXUnJVIzynGUaycKY0IHpIctg4KEqDrpZNCRfWwc3w4iaZ7Q9sT93ZGSUKlh6JnKkOi+ms/G5n9ZK9HBeSdlIk40Cjr9KEi4rSN7vLXtM4lU86EBQiUzs9q0TySh2twmZ47gzq+8CPXTolsqlqpOoRzDVFk4hCM4ARfOoAzXUIEaUEB4gCd4tm6tR+vFep2WZqxZzz78kfX2A1K1kSs=</latexit>

Acc AUC Pre AUPR F1 Rec

We formulate DDI events prediction as a multi-
class classification problem.

Drug-Drug Interactions (DDI) often occur in cases 
of simultaneous administration of multiple drugs, 
which may result in adverse drug reactions that 
cause injuries and huge medical costs. The correct 
use of multiple drugs can minimize the medical 
risks while maximizing the synergy benefits of 
drugs.

Problem Formulation MDNN Framework

Drug Knowledge Graph (DKG): a special type of 
knowledge graph for named drug knowledge graph 
(DKG), denoted by                        :G = (D,R, T )

<latexit sha1_base64="jLqUG/MA2rU40c56zywoVrbPD38=">AAACHHicbZBLS8NAEMc3Pmt8RT16WSxCBSmJFvQiFBT12Epf0Iay2W7apZsHuxuhhHwQL34VLx4U8eJB8OjZL+GmLaW2Diz89j8zzMzfCRkV0jS/tIXFpeWV1cyavr6xubVt7OzWRBBxTKo4YAFvOEgQRn1SlVQy0gg5QZ7DSN3pX6b5+j3hggZ+RQ5CYnuo61OXYiSV1DZOWx6SPYxYfJPAC5ibfK+S4wnfTXElOWobWTNvDgPOgzWGbLFU/vkm+nWpbXy0OgGOPOJLzJAQTcsMpR0jLilmJNFbkSAhwn3UJU2FPvKIsOPhcQk8VEoHugFXz5dwqE53xMgTYuA5qjLdUczmUvG/XDOS7rkdUz+MJPHxaJAbMSgDmDoFO5QTLNlAAcKcql0h7iGOsFR+6soEa/bkeaid5K1CvlBWboRgFBmwDw5ADljgDBTBLSiBKsDgATyBF/CqPWrP2pv2Pipd0MY9e+BPaJ+/Q3alSw==</latexit>

G = {(d, rdt, t)|d 2 D, rdt 2 R, t 2 T ,D \ T = ?},

<latexit sha1_base64="E50MI+Je2uQJSlUDqmUVPkV074o="></latexit>

where    and    describe a subset of drug entities 
and tail entities respectively, and     denotes the set 
of relations.

D

<latexit sha1_base64="Ep1tuXbqvNa2c7xC7yCzWJ1im0Q=">AAAB8nicbVDLSgNBEOz1GeMrPm5eBoPgKexKQG8GFPQYwTwgWcLsZDYZMjuzzMwKcclnePGgiFfxY7x59B/8AGeTHDSxoKGo6qarO4g508Z1P52FxaXlldXcWn59Y3Nru7CzW9cyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoIBheZ37ijSjMpbs0wpn6Ee4KFjGBjpVY7wqZPME8vR51C0S25Y6B54k1J8fz7/uvqfT+tdgof7a4kSUSFIRxr3fLc2PgpVoYRTkf5dqJpjMkA92jLUoEjqv10HHmEjqzSRaFUtoRBY/X3RIojrYdRYDuziHrWy8T/vFZiwjM/ZSJODBVksihMODISZfejLlOUGD60BBPFbFZE+lhhYuyX8vYJ3uzJ86R+UvLKpfKNW6zEMEEODuAQjsGDU6jANVShBgQkPMATPDvGeXRenNdJ64IzndmDP3DefgD/mpWd</latexit>

T

<latexit sha1_base64="Tik5atyHeGXA/1fPrmIoJwhZr1U=">AAAB8nicbVDLSgNBEOz1GeMrPm5eBoPgKexKQG8GPOgxQl6wWcLsZJIMmZ1ZZmaFuOQzvHhQxKv4Md48+g9+gLNJDppY0FBUddPVHcacaeO6n87S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWiHWlDNB64YZTluxojgKOW2Gw6vMb95RpZkUNTOKaRDhvmA9RrCxkt+OsBkQzNPauFMouiV3ArRIvBkpXn7ff12/H6bVTuGj3ZUkiagwhGOtfc+NTZBiZRjhdJxvJ5rGmAxxn/qWChxRHaSTyGN0YpUu6kllSxg0UX9PpDjSehSFtjOLqOe9TPzP8xPTuwhSJuLEUEGmi3oJR0ai7H7UZYoSw0eWYKKYzYrIACtMjP1S3j7Bmz95kTTOSl65VL51i5UYpsjBERzDKXhwDhW4gSrUgYCEB3iCZ8c4j86L8zptXXJmMwfwB87bDxf5la0=</latexit>

R

<latexit sha1_base64="fJG2FR2vmwVJKJREwnwWBvQYxlM=">AAAB8nicbVDLSgNBEJz1GeMrPm5eBoPgKexKQG8GPOgxinlAsoTZyWwyZHZmmekV4pLP8OJBEa/ix3jz6D/4Ac4mOWhiQUNR1U1XdxALbsB1P52FxaXlldXcWn59Y3Nru7CzWzcq0ZTVqBJKNwNimOCS1YCDYM1YMxIFgjWCwUXmN+6YNlzJWxjGzI9IT/KQUwJWarUjAn1KRHoz6hSKbskdA88Tb0qK59/3X5fv+2m1U/hodxVNIiaBCmJMy3Nj8FOigVPBRvl2YlhM6ID0WMtSSSJm/HQceYSPrNLFodK2JOCx+nsiJZExwyiwnVlEM+tl4n9eK4HwzE+5jBNgkk4WhYnAoHB2P+5yzSiIoSWEam6zYtonmlCwX8rbJ3izJ8+T+knJK5fK126xEqMJcugAHaJj5KFTVEFXqIpqiCKFHtATenbAeXRenNdJ64IzndlDf+C8/QAU75Wr</latexit>

Heterogeneous Feature (HF): It consist of the 
target feature, substructure feature and enzyme 
feature. It is expressed as follows:

Xd = {Xt, Xs, Xe} 2 RNd⇥(Nt+Ns+Ne).

<latexit sha1_base64="4RuDoXDOOBJy+LTbnlWAgipYpeI="></latexit>

DDI Matrix: Y 2 (0, yij)
Nd⇥Nd

<latexit sha1_base64="1yxexrnd6B8DontqmFHu8OmzfUI="></latexit>

where     denotes the number of drugs.     means 
that the interaction event      exists between     and    

Nd

<latexit sha1_base64="TW0PBmuj4l+7ofuT/l17jPgDla4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMdALp4konlAsoTZ2dlkyOzsMDMrhCWfIIgHRbz6D/6HB8FvEcHJ46CJBQ1FVTfdXYHkTBvX/XRyS8srq2v59cLG5tb2TnF3r6GTVBFaJwlPVCvAmnImaN0ww2lLKorjgNNmMKiO/eYtVZol4sYMJfVj3BMsYgQbK11fdsNuseSW3QnQIvFmpFSpfnx33u6/at3ieydMSBpTYQjHWrc9Vxo/w8owwumo0Ek1lZgMcI+2LRU4ptrPJqeO0JFVQhQlypYwaKL+nshwrPUwDmxnjE1fz3tj8T+vnZro3M+YkKmhgkwXRSlHJkHjv1HIFCWGDy3BRDF7KyJ9rDAxNp2CDcGbf3mRNE7K3mn59MqmIWGKPBzAIRyDB2dQgQuoQR0I9OAOHuHJ4c6D8+y8TFtzzmxmH/7Aef0Bz8CSzg==</latexit>

yij

<latexit sha1_base64="YsmlmhlNMH98GrMmxMoWmIpAnmk=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhBsDHcS0DIiiGUU8wHJEfY2e8kme7vH7p5wHCntbSwUEaz8P3b+GzcfhSY+GHi8N8PMvCDmTBvX/XaWlldW19ZzG/nNre2d3cLefl3LRBFaI5JL1QywppwJWjPMcNqMFcVRwGkjGF6N/cYDVZpJcW/SmPoR7gkWMoKNleppJ2ODUadQdEvuBGiReDNSrNx9PFauL0+rncJXuytJElFhCMdatzw3Nn6GlWGE01G+nWgaYzLEPdqyVOCIaj+bXDtCx1bpolAqW8Kgifp7IsOR1mkU2M4Im76e98bif14rMeGFnzERJ4YKMl0UJhwZicavoy5TlBieWoKJYvZWRPpYYWJsQHkbgjf/8iKpn5W8cql8a9OIYYocHMIRnIAH51CBG6hCDQgM4Ale4NWRzrPz5rxPW5ec2cwB/IHz+QOXVZI2</latexit>

yij

<latexit sha1_base64="YsmlmhlNMH98GrMmxMoWmIpAnmk=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhBsDHcS0DIiiGUU8wHJEfY2e8kme7vH7p5wHCntbSwUEaz8P3b+GzcfhSY+GHi8N8PMvCDmTBvX/XaWlldW19ZzG/nNre2d3cLefl3LRBFaI5JL1QywppwJWjPMcNqMFcVRwGkjGF6N/cYDVZpJcW/SmPoR7gkWMoKNleppJ2ODUadQdEvuBGiReDNSrNx9PFauL0+rncJXuytJElFhCMdatzw3Nn6GlWGE01G+nWgaYzLEPdqyVOCIaj+bXDtCx1bpolAqW8Kgifp7IsOR1mkU2M4Im76e98bif14rMeGFnzERJ4YKMl0UJhwZicavoy5TlBieWoKJYvZWRPpYYWJsQHkbgjf/8iKpn5W8cql8a9OIYYocHMIRnIAH51CBG6hCDQgM4Ale4NWRzrPz5rxPW5ec2cwB/IHz+QOXVZI2</latexit>

di

<latexit sha1_base64="0QsgwEzbpT/67x4fOc/EJJf+9kQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA7O5sMmZ1ZZmaFsOQTBPGgiFf/wf/wIPgtIjh5HDSxoKGo6qa7K0g408Z1P53cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2gHWlDNBG4YZTtuJojgOOG0Fw9rEb91SpZkUN2aUUD/GfcEiRrCx0nXYY71iyS27U6Bl4s1JqVr7+O6+3X/Ve8X3bihJGlNhCMdadzw3MX6GlWGE03Ghm2qaYDLEfdqxVOCYaj+bnjpGJ1YJUSSVLWHQVP09keFY61Ec2M4Ym4Fe9Cbif14nNdGFnzGRpIYKMlsUpRwZiSZ/o5ApSgwfWYKJYvZWRAZYYWJsOgUbgrf48jJpnpW9SrlyZdNIYIY8HMExnIIH51CFS6hDAwj04Q4e4cnhzoPz7LzMWnPOfOYQ/sB5/QH42JLp</latexit>

dj .

<latexit sha1_base64="bLpnAc7/Q/TZhr7S7qWh1S5Ke1M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgxZBIQY8VQTxWsR/QhrLZbNq1u5uwuxFK6NGrFw+KePHgH/Lmv3HT9qCtDwYe780wMy9IGFXadb+twtLyyupacb20sbm1vVPe3WuqOJWYNHDMYtkOkCKMCtLQVDPSTiRBPGCkFQwvc7/1QKSisbjTo4T4HPUFjShGOpfC3r3TK1dcx53AXiTejFRqtx+PtauLk3qv/NUNY5xyIjRmSKmO5ybaz5DUFDMyLnVTRRKEh6hPOoYKxInys8mtY/vIKKEdxdKU0PZE/T2RIa7UiAemkyM9UPNeLv7ndVIdnfsZFUmqicDTRVHKbB3b+eN2SCXBmo0MQVhSc6uNB0girE08JROCN//yImmeOl7Vqd6YNBKYoggHcAjH4MEZ1OAa6tAADAN4ghd4tbj1bL1Z79PWgjWb2Yc/sD5/AFgPkNo=</latexit>

DDI Events Prediction: Given the DDI events 
matrix, DKG and HF, we aim to predict specific 
interaction events between drug     and drug     .Our 
goal is to learn a prediction function:

ŷij = �(di, dj |⇥,Y,G,Xd)

<latexit sha1_base64="Ty76bpbHXkK3kPEN5pFBXv5Hk5E="></latexit>

di

<latexit sha1_base64="0QsgwEzbpT/67x4fOc/EJJf+9kQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI+BXDxGNA9IljA7O5sMmZ1ZZmaFsOQTBPGgiFf/wf/wIPgtIjh5HDSxoKGo6qa7K0g408Z1P53cyura+kZ+s7C1vbO7V9w/aGqZKkIbRHKp2gHWlDNBG4YZTtuJojgOOG0Fw9rEb91SpZkUN2aUUD/GfcEiRrCx0nXYY71iyS27U6Bl4s1JqVr7+O6+3X/Ve8X3bihJGlNhCMdadzw3MX6GlWGE03Ghm2qaYDLEfdqxVOCYaj+bnjpGJ1YJUSSVLWHQVP09keFY61Ec2M4Ym4Fe9Cbif14nNdGFnzGRpIYKMlsUpRwZiSZ/o5ApSgwfWYKJYvZWRAZYYWJsOgUbgrf48jJpnpW9SrlyZdNIYIY8HMExnIIH51CFS6hDAwj04Q4e4cnhzoPz7LzMWnPOfOYQ/sB5/QH42JLp</latexit>

dj

<latexit sha1_base64="4U1Y2yGtxyM3QX5qMD/G/dTNdVI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJYRQSzjRz4gOcLe3l6yZnfv2N0TwpHS0sZCESvBX2Tnv3GTWGjig4HHezPMzAsSzrRx3S8nt7C4tLySXy2srW9sbhW3dxo6ThWhdRLzWLUCrClnktYNM5y2EkWxCDhtBoPzsd+8p0qzWN6aYUJ9gXuSRYxgY6WbsHvXLZbcsjsBmifeDylVr98fqhdnR7Vu8bMTxiQVVBrCsdZtz02Mn2FlGOF0VOikmiaYDHCPti2VWFDtZ5NTR+jAKiGKYmVLGjRRf09kWGg9FIHtFNj09aw3Fv/z2qmJTv2MySQ1VJLpoijlyMRo/DcKmaLE8KElmChmb0WkjxUmxqZTsCF4sy/Pk8Zx2auUK1c2jQSmyMMe7MMheHACVbiEGtSBQA8e4RleHO48Oa/O27Q15/zM7MIfOB/f7DOQog==</latexit>

where     denotes the model parameters.⇥

<latexit sha1_base64="Xzc47H75ov85C5aqabn8ljYncI0=">AAAB7XicbZDLSgMxFIYz9VbrrV52boJFcFVmpKA7Cy50WaE3aIeSSTNtbCYZkjNCHfoOblwo4tadD+POpe/gA5heFtr6Q+Dj/88h55wgFtyA6346maXlldW17HpuY3Nreye/u1c3KtGU1agSSjcDYpjgktWAg2DNWDMSBYI1gsHlOG/cMW24klUYxsyPSE/ykFMC1qq3q30GpJMvuEV3IrwI3gwKF9/3X1fvB2mlk/9odxVNIiaBCmJMy3Nj8FOigVPBRrl2YlhM6ID0WMuiJBEzfjqZdoSPrdPFodL2ScAT93dHSiJjhlFgKyMCfTOfjc3/slYC4bmfchknwCSdfhQmAoPC49Vxl2tGQQwtEKq5nRXTPtGEgj1Qzh7Bm195EeqnRa9ULN24hXKMpsqiQ3SETpCHzlAZXaMKqiGKbtEDekLPjnIenRfndVqacWY9++iPnLcf/bSTSw==</latexit>

Main Results:

Experiments & Results
Abalation Study: Parameter Sensitivity Analysis:

Multi-task Analysis:

MDNNdkg is the model variant 
that only using DKG-based 
pathway  to predict DDI events. 
MDNNhf is only  using HF-based 
pathway to make DDI events 
prediction.

There are three essential parameters, 
which are the size of neighborhood sample 
Ns , the number of GNN layers l and the 
dimension of embedding d in DKG-based 
pathway. 

For task A, prediction models are 
constructed on the DDI between 
training drugs, and then make 
predictions for DDI events 
between training drugs and test 
drugs.For task B, making 
predictions between test drugs.


