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What are we attempting to enable with interoperable 
data? 

•  Data Integrity and Preservation 
–  Ensure that data will extend beyond the tenure of the 

people that are collecting it 

•  Data Aggregation 
–  Combine similar data from multiple sources 

•  Data Integration 
–  Combine dissimilar data from one or many sources 



Why do we care about doing these things? 
•  Translational Research 

–  All information relevant to a particular question rarely resides in 
the same system – even internal interoperability matters 

•  Learning Healthcare System 
–  In order to use data collected as part of healthcare delivery, it is 

essential that the data (and potentially the systems) are 
interoperable as it is collected by tens of thousands of physicians 

•  Increasing ROI on Biomedical Research Investment 
–  Duplicative research, clinical trials, etc. cost real money and, 

more importantly, deprive patients of the potentially life saving 
treatments that would otherwise have been funded 

•  Democratizing Research 
–  To make publically funded research resources available to a 

wider range of researchers – not just researchers at rich 
institutions 



“The	  ability	  of	  two	  or	  more	  systems	  or	  
components	  to	  exchange	  informa7on	  and	  
to	  use	  the	  informa7on	  that	  has	  been	  
exchanged.”	  
	  

IEEE	  Glossary	  

A Formal Definition of Interoperability 

Syntac7c	  Interoperability	  Seman7c	  Interoperability	  U7lity	  Infrastructure	  



Metadata, Standards and Interoperability 
•  Metadata:  Data about data 

–  Descriptions of what is being recorded and what constitutes a valid 
response 

–  Examples: 
•  Systolic Blood Pressure 

–  Definition:  The blood pressure during the contraction of the left 
ventricle of the heart 

–  Valid values: Integers greater than 0 
•  Karnofsky Performance Status 

–  Measure of overall health status of a patient 
–  Valid values:  0,10,20,30,40,50,60,70,80,90,100 (with definitions) 

–  The best metadata have definitions and valid values that are defined 
in controlled terminologies as this helps ensure maximum 
definitional clarity 

•  Standard:  A common means of recording specific classes of 
information 

 

Interoperability	  requires	  both	  metadata	  and	  standards	  



“Are you a good standard or a bad standard?” 
•  Characteristics of good standards: 

–  Derive from actual experience collecting data of interest 

–  Are defined by consensus of those collecting the data 

–  Can capture the range of known or likely states 

–  Have a high degree of cross-platform usability 

–  Are readily transformable into alternative representations 
where needed 

•  Good standards are governed so that they can evolve 
(with some level of backward compatibility) as science 
(or whatever) evolves 

 



Example 1:  Ensuring the Longevity of Data 

Demo7c	  Inscrip7on	  (c.	  330	  BCE)	   Crypto-‐Minoan	  Inscrip7on	  (c.	  1150	  BCE)	  



Example 1:  Ensuring the Longevity of Data 
•  The Rosetta Stone 

provides the same 
information in three 
languages, enabling the 
interpretation of data 
coded in Hieroglyphic 
and Demotic script 

•  Probably more a means 
of inferring metadata 
rather than metadata 
itself 



Example 2:  Ensuring the Longevity of Data 



Example 2:  Ensuring the Longevity of Data 

The	  modern	  five-‐line	  staff	  was	  first	  
adopted	  in	  France	  and	  became	  almost	  
universal	  by	  the	  16th	  century	  
(although	  the	  use	  of	  staffs	  with	  other	  
numbers	  of	  lines	  was	  s7ll	  widespread	  
well	  into	  the	  17th	  century).	  	  
	  

-‐Wikipedia	  

Guido	  [d’Arezzo	  992-‐1050	  CE]	  used	  
the	  first	  syllable	  of	  each	  line,	  Ut,	  Re,	  
Mi,	  Fa,	  Sol	  and	  La,	  to	  read	  notated	  
music	  in	  terms	  of	  hexachords;	  they	  
were	  not	  note	  names,	  and	  each	  could,	  
depending	  on	  context,	  be	  applied	  to	  
any	  note…	  

Much	  early	  music	  has	  been	  “lost”	  because	  there	  was	  no	  
standard	  representa7on,	  and	  the	  metadata	  for	  the	  non-‐
standard	  representa7ons	  were	  lost	  (or	  never	  recorded).	  



Example 2:  Ensuring the Longevity of Data 

•  Preserves information with sufficient detail to enable 
reproduction 

•  Well documented and used by essentially all western 
musicians 

•  Highly flexible, capable of representing a very wide range of 
expected states 

•  Excellent cross-platform interoperability 
•  Readily transformed into variant representations without loss 

(MIDI, ABC, tablature, etc.) 



Example 3:  Ensuring the Longevity of Data 

•  SEER data  
–  1 | Male 
–  2 | Female 
–  3 | Other Hermaphrodite 
–  4 | Transsexual 
–  9 | Unknown 

•  ECOG 
–  121102 | Other sex 
–  121104 | Ambiguous sex 
–  F | Female 
–  FC | Female changed to male 
–  FP | Female pseudohermaphrodite 
–  H | Hermaphrodite 
–  M | Male 
–  MC | Male changed to female 
–  MP | Male pseudohermaphrodite 
–  O | Undetermined sex 
–  U | Unknown sex 

In	  the	  absence	  of	  clear	  metadata,	  this	  informa7on	  will	  not	  
be	  accessible	  in	  the	  long	  term.	  



Example 4:  Data Aggregation 
•  Many drugs exist in many formulations and have many names 
•  A small subset of the names for paracetamol (a.k.a. acetominophin) 

–  Brand names:  
•  Aceta, Actimin, Anacin-3, Apacet, Aspirin Free Anacin, Atasol, Banesin, Ben-u-

ron, Biogesic, Crocin, Dafalgan, Dapa, Dolo, Datril, Extra-Strength, Efferalgan, 
DayQuil, Depon & Depon Maximum, Feverall, Few Drops, Fibi, Fibi plus, 
Genapap, Genebs, Lekadol, LemSip, Liquiprin, Lupocet, Milidon, Neopap, Ny-
Quil, Oraphen-PD, Panado, Panadol, Panadrex, Panamax, Paracet, Parol, 
Panodil, Paratabs, Paralen, Phenaphen, Plicet, PyongSu Cetamol, Redutemp, 
Snaplets-FR, Suppap, Tachipirina, Tamen, Tapanol, Tempra, Tipol, Tylenol, 
Uphamol, Valorin, Xcel 

–  In other countries: 
•  Acamol, Ace +, Acetalgin, Adol, Aldolor, Alvedon, APAP, Apiretal, Apiretal Flas, 

Atamel, Atasol, Benuron, Biogesic, Biogesic-Kiddelets, Buscapina, Calpol, 
Cemol, Coldex, Cotibin, Crocin, Dafalgan, Daleron, Dawa ya magi, Depon, 
Dexamol, Dexamol Plus, Dolex, Dolo, Dogesic, Dolipane, Dolprone, 
Efferalgen, Europain, Febrectal, Febrex Plus, Febricet, Febridol, Geolcatil, 
Gripin, Gesic Hexdex, Hedanol, Herron, Influbene, Kafa, Kitadol, Lekadol, 
Lupocet, Metacin, Mexalen, Milidon, Minoset, Momentum, Napa, Neo-
Kiddielets, Pacimol, Pacol, Parol, Panado, Panadol, Panamax, Pand, Panodil, 
Para, Paracet, Paracitol, Paralen, Paramed, Paramol, Paol, Perdolan, 
Perfalgan, Pinex, Pyrenol, Plicet, Reliv, Rokamol, Rubophen, Sara, Scanol, 
Tachipirin, Tafirol, Tapson, Termalgin, Tempra, Tipol, Treuphadol, Thomapyrin, 
Uphamol, Vermidon, Vitamol, Xumadol, Zolben 

•  This does not include abbreviations! 



Example 5:  Data Aggregation 

Ma,	  et	  al.	  (2010)	  European	  Journal	  of	  Cancer	  



A Simple Mapping ECOG to Karnofsky 

Karnofsky	   ECOG	   Karnofsky	  
Percentage	  

ECOG	  
Percentage	  

90-‐100	   0	   9.4	   2.6	  

70-‐80	   1	   45.0	   35.0	  

50-‐60	   2	   39.0	   33.0	  

30-‐40	   3	   6.4	   25.0	  

10-‐20	   4	   1.2	   4.3	  

0	   5	   NA	   NA	  
Ma,	  et	  al.	  (2010)	  European	  Journal	  of	  Cancer	  



A More Sophisticated Mapping 

ECOG KPS MHR 
%	  KPS	  

predicted	  
by	  ECOG 

MHR 
%	  ECOG	  
predicted	  
by	  KPS 

0 100 14/14 100 14/36 39 

1 80-‐90 314/371 85 314/486 65 

2 60-‐70 415/653 64 415/463 90 

3 40-‐50 264/298 89 264/340 78 

4 10-‐30 38/49 78 38/60 63 

Ma,	  et	  al.	  (2010)	  European	  Journal	  of	  Cancer	  



Example 5:  Data Aggregation 
•  The Good: 

–  All of the studied performance status scales are good prognostic 
indicators, are internally consistent, and are reasonably well 
correlated with each other 

–  All three have excellent metadata, and have been represented in 
standard metadata formats 

•  The Bad: 
–  Conversion from Karnofsky to ECOG is “lossy” 
–  Conversion from Karnofsky to ECOG or vice versa is at best 

“scruffy” 

•  The Ugly: 
–  Aggregated data is reduced to the level of the lowest resolution 

observation (at best) 
–  “Scruffy” aggregation may eliminate signals due to significant levels 

of misclassification 
–  A special study was required to define the mapping 



Can’t we just fix the data after the fact? 
•  Programs such as tranSMART utilize “scruffy” data that 

is coordinated after the fact 
–  For comparison, data is generally converted into a 

canonical form 
–  Requires non-trivial amounts of data curation 
–  Very unclear that it will scale 

•  A practical consideration: 
–  Stephen Hawking:  “…if sometime in the future, we learn to 

travel in time, why hasn’t someone come back from the 
future…” 

–  Medical equivalent:  Why don’t we have a large, integrated 
collection of clinical research results in the US? 



“Are you a good standard or a bad standard (redux)?” 

•  Advocates of standards 
need to resist certain 
temptations: 
–  Standardizing too early 

–  Standardizing data that is 
not widely collected 

–  Allowing information 
theories to trump usability 

–  Developing standards in 
the absence of real 
practitioners.  



NCI Interoperability Technology 

Enterprise	  Vocabulary	  Services	  
Terminology	  

Cancer	  Data	  Standards	  Repository	  (caDSR)	  
CDEs	  



In Conclusion:  Values, Costs and Obligations 
•  The use of metadata and standards can help support the 

longevity of data and it’s aggregation and integration 

•  Metadata (and associated vocabularies, data elements, 
etc.) have real, if reasonable, costs – There is no free 
lunch 

As	  recipients	  of	  tax	  dollars,	  we	  in	  the	  scien7fic	  
community	  have	  an	  obliga7on	  to	  ensure	  that	  our	  

research	  provides	  the	  maximum	  return	  on	  the	  public’s	  
investment.	  	  Ensuring	  that	  our	  data	  will	  last	  and	  can	  be	  

integrated	  is	  part	  of	  that	  obliga7on.	  



A Parting Thought 

“It	  is	  ins7tu7onal	  malprac7ce	  to	  fund	  data	  
collec7on	  but	  not	  storage	  and	  analysis.”	  
	  

-‐Russ	  Altman	  
	  

NIH	  ACD	  Data	  and	  Informa7cs	  Working	  Group	  
15-‐June-‐2012	  	  


