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Understanding	  Cancer	  Pa'ents	  
through	  Search	  Engine	  Query	  Logs	  

•  What	  are	  the	  informa'on	  needs	  of	  a	  person	  
diagnosed	  with	  cancer?	  

•  How	  do	  these	  needs	  change	  over	  'me?	  



Understanding	  Cancer	  Pa'ents	  
through	  Search	  Engine	  Query	  Logs	  

•  What	  can	  we	  learn	  about	  a	  cancer	  pa'ent	  
from	  their	  search	  queries?	  

•  Insights	  into	  what	  a	  person	  is	  thinking	  and	  
planning	  over	  the	  course	  of	  an	  illness	  



Search	  Logs	  

•  12	  TB	  of	  search	  query	  logs	  
–  from	  Bing	  +	  Internet	  Explorer	  &	  toolbar	  
– 18	  months	  of	  history	  

•  Logs	  are	  anonymized;	  users	  consent	  to	  share	  



Search	  Logs	  

•  140,000	  users	  searched	  “breast	  cancer”	  at	  
least	  3	  'mes	  

•  Collected	  queries	  containing	  relevant	  terms	  



Ontology	  of	  Search	  Terms	  

Treatment	  
treatment	  
treatments	  
medica'on	  
medica'ons	  
…	  



Ontology	  of	  Search	  Terms	  

Treatment	  

Chemotherapy	   Radia'on	  

accupuncture	  
homeopathy	  
homeopathic	  
holis'c	  
…	  

Alterna've	  

radia'on	  chemotherapy	  
chemo	  
cemo	  
kemo	  



Ontology	  of	  Search	  Terms	  

Treatment	  

Chemotherapy	   Radia'on	  

Side	  Effects	  Side	  Effects	  

hair	  loss	  
hair	  falling	  
lose	  your	  hair	  
…	  

fa'gue	  
feel	  'red	  
feeling	  'red	  
…	  

Alterna've	  



Iden'fying	  Likely	  Cancer	  Pa'ents	  

•  Looked	  at	  par'al	  search	  histories	  of	  480	  users	  

•  Iden'fied	  107	  users	  who	  appeared	  to	  have	  
been	  recently	  diagnosed	  



Automa'c	  Classifica'on	  

•  Supervised	  machine	  learning	  

•  Trained	  models	  using	  480	  annotated	  users	  
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Automa'c	  Classifica'on	  

•  Cross-‐valida'on	  performance:	  
	  
– 94%	  precision	  
	  

– 29%	  recall	  

•  Over	  2,000	  users	  iden'fied	  by	  high-‐precision	  
classifier	  as	  likely	  to	  have	  cancer	  



Iden'fying	  Day	  of	  Diagnosis	  

•  Annotated	  the	  'melines	  of	  the	  107	  users	  
iden'fied	  as	  likely	  recent	  cancer	  pa'ents	  

•  Iden'fied	  the	  plausible	  day	  of	  diagnosis	  



Automa'c	  Classifica'on	  

•  Cross-‐valida'on	  performance:	  
	  
– 41%	  exactly	  correct	  
	  

– 75%	  within	  7	  days	  



Search	  Volume	  Over	  Time	  

•  Can	  align	  all	  user	  histories	  around	  the	  day	  of	  
diagnosis	  

•  Analyzed	  the	  informa'on	  users	  search	  for	  
before	  and	  a?er	  diagnosis	  



Search	  Volume	  Over	  Time	  



Search	  Volume	  Over	  Time	  



Search	  Volume	  Over	  Time	  



Search	  Volume	  Over	  Time	  



Search	  Volume	  Over	  Time	  



Search	  Volume	  Over	  Time	  



Future	  Direc'ons	  

•  Deeper	  analysis	  of	  search	  queries	  during	  key	  
points	  in	  history	  

•  Break	  down	  search	  histories	  based	  on	  age	  of	  
user,	  stage	  of	  cancer,	  or	  other	  ajributes	  


