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Natural	
  Language	
  Processing	
  
The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

CT	
  scan	
   Lesion	
   Liver	
  

Procedure	
   Disease	
  /	
  Disorder	
   Anatomy	
  

UMLS	
  ID:	
  	
  C0040405	
   UMLS	
  ID:	
  	
  C0022198	
   UMLS	
  ID:	
  	
  C0023884	
  

Negated:	
  	
  no	
   Negated:	
  	
  yes	
   Negated:	
  	
  no	
  

Subject:	
  	
  pa4ent	
   Subject:	
  	
  pa4ent	
   -­‐-­‐	
  

En4ty	
  
Recogni4on	
  

En4ty	
  Proper4es	
  

UMLS	
  Rela4on	
   Lesions	
  	
  LOCATED	
  AT	
  	
  liver	
  

Temporal	
  
Rela4ons	
   CT	
  scan	
  	
  WITHIN	
  	
  April	
   Lesions	
  	
  WITHIN	
  	
  CT	
  scan	
  

Coreferences	
   pa4ent	
  	
  SAME	
  AS	
  	
  his	
  



Natural	
  Language	
  Processing	
  

Storage	
  
Applica9on	
  



cTAKES	
  Global	
  Users	
  

Finish	
  my	
  
thesis	
  

Push	
  the	
  
boundaries	
  
of	
  NLP	
  

Extract	
  Lab	
  
values	
  

Teach	
  
Bioinforma4cs	
  

Study	
  
comorbidi4es	
  

Correlate	
  
symptoms	
  with	
  

disorders	
  
Sell	
  data	
  siXed	
  
from	
  the	
  web	
  

Study	
  
medica4on	
  use	
  

Develop	
  
cool	
  apps	
  

Iden4fy	
  disease	
  
outbreaks	
  

Users	
  have	
  many	
  use	
  cases	
  …	
  

Point	
  of	
  Care	
  is	
  not	
  (yet)	
  one	
  of	
  them	
  



cTAKES	
  Growth	
  

cTAKES	
  
created	
  at	
  the	
  
Mayo	
  Clinic	
  

2006	
  
Dr.	
  Savova	
  moves	
  to	
  
Boston	
  Children’s	
  

Hospital	
  
2010	
  

Ar4cle	
  on	
  cTAKES	
  (Savova	
  et	
  al,	
  
2010)	
  highest	
  cited	
  in	
  the	
  

Journal	
  of	
  American	
  Medical	
  
Informa4cs	
  Associa4on	
  	
  

2013	
  

cTAKES	
  becomes	
  an	
  
official	
  Apache	
  

project	
  
2013	
  

Developers	
  
Users	
  

Local	
  Users	
   Project	
  Exposure	
   Global	
  Use	
  

Par4cipa4ng	
  in	
  Core	
  Projects	
  

Par4cipa4ng	
  in	
  NLP	
  challenges	
  



Why	
  Apache	
  

Free	
  Resources	
  and	
  Support	
  
–  Version	
  Control	
  
– Web	
  Server	
  
– Wiki	
  /	
  Documenta4on	
  
–  Email	
  List	
  Servers	
  
–  Access	
  to	
  SoXware	
  
–  Legal	
  Support	
  
	
  
So	
  we	
  are	
  golden,	
  right?	
  

Core,	
  Dedicated	
  Group	
  
of	
  

NLP	
  Researchers	
  and	
  
SoXware	
  Developers	
  

Global	
  Presence	
  
Name	
  Recogni4on	
  



Open	
  Source	
  Community	
  
–  Test	
  cTAKES	
  
–  Report	
  and	
  Fix	
  Bugs	
  
–  Add	
  Enhancements	
  
–  Provide	
  email	
  Help	
  
– Write	
  Documenta4on	
  
–  Contribute	
  to	
  Official	
  Site	
  
–  Contribute	
  En4re	
  Modules	
  

	
   	
   	
  Core	
  Group	
  handles	
  most	
  of	
  the	
  Effort	
  

Maintaining	
  Quality	
  



	
   	
  Apache	
  Provides	
  Support	
  
	
  

Open	
  Source	
  Community	
  Contributes	
  
	
  

The	
  Core	
  Group	
  is	
  not	
  free	
  …	
  
	
  

Funding	
  through	
  
–  Grants,	
  with	
  Specific	
  Aims	
  on	
  improving	
  Clinical	
  NLP	
  
–  Running	
  cTAKES	
  for	
  large	
  and	
  small	
  Funded	
  Projects	
  
–  No	
  Funding	
  from	
  our	
  Ins4tu4ons	
  

But	
  we	
  are	
  working	
  on	
  it	
  …	
  
–  Crea4ng	
  a	
  Data	
  Distribu4on	
  Center	
  
–  Crea4ng	
  a	
  Processing	
  Center	
  

Funding	
  



•  Answering	
  Ques4ons	
  
– Wait	
  for	
  Community	
  

•  Fixing	
  	
  
–  Bait	
  the	
  Community	
  

•  Enhancing	
  
–  Ask	
  Community	
  for	
  similari4es	
  
–  Create	
  seed,	
  ask	
  Community	
  for	
  assistance	
  
–  Offer	
  to	
  absorb	
  3rd	
  party	
  tools	
  as	
  parts	
  of	
  cTAKES	
  

•  yTEX	
  NLP	
  Tools	
  
•  Scrubber	
  De-­‐Iden4fica4on	
  

•  Funding	
  
–  See	
  previous	
  slide	
  

Challenges	
  

ListServ Topics 



Ques4ons	
  ?	
  



•  Types	
  of	
  users	
  
–  Developers	
  
–  End	
  users	
  -­‐-­‐	
  biomedical	
  inves4gators,	
  data	
  warehouse	
  
managers,	
  point-­‐of-­‐care	
  clinicians	
  

–  Ac4ve	
  user	
  and	
  developer	
  mailing	
  lists	
  

User	
  Community	
  



•  Pa4ent	
  cohort	
  iden4fica4on	
  from	
  the	
  EMR	
  –	
  eMERGE,	
  PGRN,	
  
i2b2	
  

•  Analysis	
  of	
  rare	
  diseases	
  –	
  Phelan	
  McDermit	
  Syndrome	
  
•  Pharmacovigilance	
  –	
  adverse	
  events	
  from	
  twijer,	
  MTX	
  liver	
  

toxicity	
  
•  Pa4ent-­‐facing	
  applica4ons	
  –	
  pa4ent-­‐interpretable	
  clinical	
  

notes	
  
•  Point-­‐of-­‐care	
  –	
  summariza4on	
  
•  Ques4on-­‐answering	
  	
  
•  Quality	
  metrics	
  

Applica4ons	
  



Apache	
  cTAKES	
  

•  Natural	
  language	
  processing	
  system	
  

•  Extracts	
  informa4on	
  from	
  electronic	
  medical	
  record	
  clinical	
  text	
  

•  Top	
  level	
  open	
  source	
  project	
  in	
  the	
  Apache	
  SoXware	
  Founda4on	
  

•  Diverse	
  and	
  Global	
  User	
  Base	
  

(NLP)	
  



Key	
  Features	
  
	
  

•  Powerful:	
  discover	
  codable	
  en44es,	
  events,	
  ajributes	
  and	
  rela4ons	
  

•  Fast:	
  process	
  batches	
  at	
  50,000	
  clinical	
  notes	
  per	
  hour	
  

•  Scalable:	
  run	
  on	
  clusters,	
  queue	
  systems	
  and	
  cloud	
  compu4ng	
  services	
  

•  Modular:	
  use	
  only	
  the	
  components	
  needed	
  

•  Portable:	
  run	
  on	
  any	
  major	
  computer	
  plamorm	
  

•  All	
  machine	
  learning	
  models	
  are	
  trained	
  on	
  expert-­‐annotated	
  gold	
  standard	
  
data	
  



Sample	
  Pipeline	
  
The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

…	
   The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
   …	
  
The	
   pa4ent	
   underwent	
   a	
   CT	
   scan	
   in	
   April	
   which	
   did	
   not	
   reveal	
   lesions	
   in	
   his	
   liver	
   .	
  

	
  	
   -­‐	
   -­‐	
   undergo	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   do	
   -­‐	
   -­‐	
   lesion	
   -­‐	
   -­‐	
   -­‐	
  
	
  	
  	
   DT	
   NN	
   VBD	
   DT	
   NN	
   NN	
   IN	
   NNP	
   WDT	
   VBD	
   RB	
   VB	
   NNS	
   IN	
   PRP$	
   NN	
   .	
  

Boundary	
  Detec4on	
  
Tokeniza4on	
  
Normaliza4on	
  

Part-­‐of-­‐speech	
  Tagger	
  

En4ty	
  Recogni4on	
  

Coreference	
  

Event,	
  Temp.	
  Expr.	
  
Temporal	
  Rela4on	
  

UMLS	
  Rela4on	
  

CT	
  scan	
   Lesion	
   Liver	
  
Procedure	
   Disease	
  /	
  Disorder	
   Anatomy	
  

UMLS	
  ID:	
  	
  C0040405	
   UMLS	
  ID:	
  	
  C0022198	
   UMLS	
  ID:	
  	
  C0023884	
  

NP	
   VP	
   NP	
   PP	
   NP	
   VP	
   NP	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  …	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  undergo.01	
  (	
  A1.pa4ent;	
  	
  A2.scan;	
  	
  AM-­‐TEMP.in	
  )	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  reveal.01	
  (	
  A0.scan;	
  	
  R-­‐A0.which;	
  	
  AM-­‐NEG.not;	
  	
  A1.lesions;	
  	
  AM-­‐LOC.in	
  )	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  iden9ty	
  	
  	
  (	
  the	
  pa4ent,	
  	
  his	
  )	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  loca9onOf	
  	
  	
  (	
  lesions,	
  	
  liver	
  )	
  

CT	
  scan	
   April	
   Reveal	
   Lesions	
  
	
  April	
  	
  CONTAINS	
  	
  CT	
  scan	
   CT	
  scan	
  	
  CONTAINS	
  	
  lesions	
  	
  

Chunking	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NP	
  S	
   DT	
   VP	
  	
  …	
  NN	
   …	
  

En4ty	
  Proper4es	
  
CT	
  scan	
   Lesion	
   Liver	
  

Negated:	
  	
  no	
   Negated:	
  	
  yes	
   Negated:	
  	
  no	
  
Subject:	
  	
  pa4ent	
   Subject:	
  	
  pa4ent	
   -­‐-­‐	
  

Cons4tuency	
  Parsing	
  
Dependency	
  Parsing	
  

SRL	
  

Biom
edica

l	
  

End-­‐U
se	
  

Biom
edica

l	
  

End-­‐U
se	
  



Sample	
  Pipeline	
  part	
  1	
  

Boundary	
  
Detec4on	
  

Tokeniza4on	
  

The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

Part-­‐of-­‐speech	
  
Tagging	
  

Normaliza4on	
  

…	
   The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
   …	
  

The	
   pa4ent	
   underwent	
   a	
   CT	
   scan	
   in	
   April	
   which	
   did	
   not	
   reveal	
   lesions	
   in	
   his	
   liver	
   .	
  

	
  	
   -­‐	
   -­‐	
   undergo	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   do	
   -­‐	
   -­‐	
   lesion	
   -­‐	
   -­‐	
   -­‐	
  

	
  	
  	
   DT	
   NN	
   VBD	
   DT	
   NN	
   NN	
   IN	
   NNP	
   WDT	
   VBD	
   RB	
   VB	
   NNS	
   IN	
   PRP$	
   NN	
   .	
  



Sample	
  Pipeline	
  part	
  1	
  
The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

…	
   The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
   …	
  
The	
   pa4ent	
   underwent	
   a	
   CT	
   scan	
   in	
   April	
   which	
   did	
   not	
   reveal	
   lesions	
   in	
   his	
   liver	
   .	
  

	
  	
   -­‐	
   -­‐	
   undergo	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
   do	
   -­‐	
   -­‐	
   lesion	
   -­‐	
   -­‐	
   -­‐	
  
	
  	
  	
   DT	
   NN	
   VBD	
   DT	
   NN	
   NN	
   IN	
   NNP	
   WDT	
   VBD	
   RB	
   VB	
   NNS	
   IN	
   PRP$	
   NN	
   .	
  

Boundary	
  Detec4on	
  
Tokeniza4on	
  
Normaliza4on	
  

Part-­‐of-­‐speech	
  Tagger	
  

En4ty	
  
Recogni4on	
  

CT	
  scan	
   Lesion	
   Liver	
  

Procedure	
   Disease	
  /	
  Disorder	
   Anatomy	
  

UMLS	
  ID:	
  	
  C0040405	
   UMLS	
  ID:	
  	
  C0022198	
   UMLS	
  ID:	
  	
  C0023884	
  

cTAKES	
  can	
  normalize	
  to	
  domain	
  ontologies	
  such	
  as	
  SNOMED-­‐CT	
  and	
  RxNORM	
  



Sample	
  Pipeline	
  part	
  2	
  

Seman4c	
  Role	
  
Labeling	
  

Chunking	
  

Cons4tuency	
  
Parsing	
  

Dependency	
  
Parsing	
  

NP	
   VP	
   NP	
   PP	
   NP	
   VP	
   NP	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  undergo.01	
  (	
  A1.pa4ent;	
  	
  A2.scan;	
  	
  AM-­‐TEMP.in	
  )	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  reveal.01	
  (	
  A0.scan;	
  	
  R-­‐A0.which;	
  	
  AM-­‐NEG.not;	
  	
  A1.lesions;	
  	
  AM-­‐LOC.in	
  )	
  	
  

NMOD	
  

	
  	
  DT	
   NN	
   	
  	
  VBD	
  

SUBJ	
  

……….	
  

The	
   pa4ent	
   underwent	
   a	
   CT	
   scan	
   in	
   April	
   which	
   did	
   not	
   reveal	
   lesions	
   in	
   his	
   liver	
   .	
  
	
  	
  	
   DT	
   NN	
   VBD	
   DT	
   NN	
   NN	
   IN	
   NNP	
   WDT	
   VBD	
   RB	
   VB	
   NNS	
   IN	
   PRP$	
   NN	
   .	
  

NP	
  
DT	
  
NN	
  

	
  	
  VP	
  
S

……….	
  
……….	
  



Sample	
  Pipeline	
  part	
  2	
  
The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

NP	
   VP	
   NP	
   PP	
   NP	
   VP	
   NP	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  …	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  undergo.01	
  (	
  A1.pa4ent;	
  	
  A2.scan;	
  	
  AM-­‐TEMP.in	
  )	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  reveal.01	
  (	
  A0.scan;	
  	
  R-­‐A0.which;	
  	
  AM-­‐NEG.not;	
  	
  A1.lesions;	
  	
  AM-­‐LOC.in	
  )	
  	
  

Chunking	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NP	
  S	
   DT	
   VP	
  	
  …	
  NN	
   …	
  Cons4tuency	
  Parsing	
  
Dependency	
  Parsing	
  

SRL	
  

UMLS	
  Rela4on	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  loca9onOf	
  	
  	
  (	
  lesions,	
  	
  liver	
  )	
  

En4ty	
  Proper4es	
  

CT	
  scan	
   Lesion	
   Liver	
  

Negated:	
  	
  no	
   Negated:	
  	
  yes	
   Negated:	
  	
  no	
  

Subject:	
  	
  pa4ent	
   Subject:	
  	
  pa4ent	
   -­‐-­‐	
  



Events,	
  Temporal	
  
Expressions	
  

Temporal	
  
Rela4ons	
  

CT	
  scan	
   April	
   Reveal	
   Lesions	
  

Sample	
  Pipeline	
  part	
  3	
  
The	
  pa4ent	
  underwent	
  a	
  CT	
  scan	
  in	
  April	
  which	
  did	
  not	
  reveal	
  lesions	
  in	
  his	
  liver.	
  

	
  April	
  	
  CONTAINS	
  	
  CT	
  scan	
   CT	
  scan	
  	
  CONTAINS	
  	
  lesions	
  	
  

Coreferences	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  iden9ty	
  	
  	
  (	
  the	
  pa4ent,	
  	
  his	
  )	
  



Clinical	
  Element	
  Model	
  Template	
  

Lab	
  
Abnormal	
  
Interpreta4on	
  
Associated	
  Code	
  
Condi4onal	
  
Delta	
  Flag	
  
Es4mated	
  flag	
  
Generic	
  

Lab	
  Value	
  
Nega9on	
  Indicator	
  
Ordinal	
  Interpreta4on	
  
Reference	
  Range	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Narra4ve	
  
Subject	
  
Uncertainty	
  Indicator	
  

Procedure	
  
Associated	
  Code	
  
Body	
  Laterality	
  
Body	
  Loca4on	
  
Body	
  Side	
  
Condi4onal	
  
Device	
  
End	
  Date	
  
Generic	
  

Method	
  
Nega9on	
  Indicator	
  
Rela4ve	
  Temporal	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Context	
  	
  
Start	
  Date	
  
Subject	
  
Uncertainty	
  Indicator	
  

Sign/Symptom	
  
Allevia4ng	
  Factor	
  
Associated	
  Code	
  
Body	
  Laterality	
  
Body	
  Loca4on	
  
Body	
  Side	
  
Condi4onal	
  
Course	
  
Dura4on	
  
End	
  Time	
  

Exacerba4ng	
  Factor	
  
Generic	
  
Nega9on	
  Indicator	
  
Rela4ve	
  Temporal	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Context	
  
Severity	
  
Start	
  Time	
  
Subject	
  
Uncertainty	
  Indicator	
  

Anatomical	
  Site	
  
Associated	
  Code	
  
Body	
  Laterality	
  
Body	
  Site	
  
Condi4onal	
  

Generic	
  
Nega9on	
  Indicator	
  
Subject	
  
Uncertainty	
  Indicator	
  

Disease/Disorder	
  
Allevia4ng	
  Factor	
  
Associated	
  Sign	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  or	
  Symptom	
  
Associated	
  Code	
  
Body	
  Laterality	
  
Body	
  Loca4on	
  
Body	
  Side	
  
Condi4onal	
  
Course	
  
Dura4on	
  

End	
  Time	
  
Exacerba4ng	
  Factor	
  
Generic	
  
Nega9on	
  Indicator	
  
Rela4ve	
  Temporal	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Context	
  
Severity	
  
Start	
  Time	
  
Subject	
  
Uncertainty	
  Indicator	
  

Medica4on	
  
Associated	
  Code	
  
Change	
  Status	
  
Condi4onal	
  
Dosage	
  
Dura4on	
  
End	
  Date	
  
Form	
  
Frequency	
  

Generic	
  
Nega9on	
  Indicator	
  
Route	
  
Start	
  Date	
  
Strength	
  
Subject	
  
Uncertainty	
  Indicator	
  



FHIR	
  Composi4on	
  represen4ng	
  the	
  
document	
  



System	
  Integra4on	
  
cTAKES	
  has	
  been	
  integrated	
  with	
  
	
  
•  i2b2	
  plamorm	
  	
  

•  TranSMART	
  

i2b2	
  plamorm	
  Cells	
  

Par4al	
  TranSMART	
  environment	
  



END	
  



•  Goal	
  –	
  enable	
  groundbreaking	
  medical	
  research	
  
•  Publica4ons	
  using	
  the	
  tool	
  
•  Mailing	
  list	
  ac4vity	
  around	
  the	
  tool	
  

Measures	
  of	
  Success	
  



•  The	
  Apache	
  Community	
  
•  In	
  an	
  ac4ve	
  state	
  of	
  fund-­‐raising	
  

Sustainability	
  Plans	
  



•  Based	
  on	
  community	
  feedback	
  
–  Improve	
  ease	
  of	
  use	
  
–  API	
  
–  GUI	
  
–  Documenta4on	
  and	
  how	
  to	
  videos	
  

Lower	
  Entry	
  Barrier	
  



•  Apache	
  SoXware	
  Founda4on	
  principles	
  
–  Do-­‐acracy	
  
–  Community	
  tes4ng	
  

Community	
  Contribu4ons	
  


