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ObjecLves	  
•  Highlight	  some	  of	  the	  advantages	  and	  challenges	  of	  uLlizing	  large	  clinical	  data	  

from	  various	  electronic	  systems.	  
–  Data	  mining	  of	  Anatomic	  Pathology	  reports	  
–  IntegraLon	  of	  Cancer	  Registry	  data	  (NAACCR	  exports)	  

•  Highlight	  some	  of	  the	  data	  mining	  and	  informaLcs	  tools	  developed	  recently	  to	  
link	  large	  clinical	  data	  sets	  from	  eClinical	  InformaLon	  Systems	  with	  
biospecimens.	  

•  Highlight	  the	  increase	  demand	  for	  robust	  biospecimen	  annotaLon	  that	  is	  
structured	  data	  and	  searchable	  for	  supporLng	  disease	  specific	  translaLonal	  
research	  groups.	  

•  WILL	  NOT	  COVER:	  
-‐Honest	  Broker	  Processes	  
-‐Data	  mining	  of	  Clinical	  Trails	  Systems,	  etc	  
-‐Issues	  related	  to	  informaLcs	  infrastructures	  (administraLve)	  supporLng	  

retrospecLve	  studies	  	   	  (i.e.	  IRB/consent	  tracking,	  etc)	  



Research Scenario # 1 
 

General Research Question 



Research	  Scenario	  
I want to study biomarker X, which helps predict treatment options for 
“Aggressive” X cancer.   
 
Can we use this biomarker X  to help patients that are diagnosed with 
“intermediate” grade of X cancer? 
 
Will compare “intermediate” vs “high” grade X cancer tissues as well as 
“normal” tissue. 
 

What are some of the variables that may affect your research results? 
 
Where can we find the clinical information?  
 
What is the source of this clinical data? 
 
Does your biobank have this information? 
 



Tissue	  AnnotaLon	  

•  Tissue	  Data	  is	  complex	  and,	  
potenLally	  infinite…	  

•  What	  data	  is	  “relevant”,	  
what	  data	  is	  useful	  to	  
researchers	  when	  they	  are	  
searching	  for	  Lssue	  
specimens?	  
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Tissue	  AnnotaLon	  

•  The	  basic	  Lssue	  informaLon	  
researchers	  wanted	  was	  rouLnely	  
produced	  in	  the	  hospital,	  but	  it	  was	  not	  
in	  an	  accessible,	  useful	  form:	  

•  Pathology	  -‐	  Clinical	  reports:	  free	  text,	  
non-‐standard,	  	  incomplete,	  idenLfied	  

•  Cancer	  Registry	  -‐	  Demographic	  and	  
follow	  up	  data	  but	  was	  “out	  of	  the	  
loop”	  

•  Tissue	  Banks	  -‐	  No	  central	  bank,	  No	  
access	  to	  Lssue	  bank	  informaLon	  
systems,	  very	  limited	  annotaLon	  
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Tissue	  AnnotaLon	  

•  To	  modify	  exis"ng	  opera"onal,	  
systems	  to	  provide	  annotated	  
Lssue	  for	  research	  

•  Create	  a	  research	  data	  warehouse	  
in	  which	  data	  will	  reside	  in	  common	  
data	  elements	  

•  Create	  a	  de-‐idenLficaLon	  layer	  
•  Create	  a	  series	  of	  organ	  based	  data	  

marts	  that	  could	  provide	  relevant	  
Lssue	  data	  directly	  to	  researchers	  
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•  Clinical Annotation Engine Project 



Matching	  biospecimens	  to	  your	  
study	  is	  not	  that	  simple!!!!	  

Send specimens 
to pathology lab 

Specimen Collection 

Send specimens 
to Biobank 



Source: NCI Biorepositories and Biospecimen Research Branch, BBRB (formally OBBR) 



Are	  all	  the	  biospecimens	  the	  same?	  

IniLal	  dx	  

Surgery	  

Rx	  

Mets	  
• Rx	  

Temporal Relationship 



Clinical	  AnnotaLon	  Engine	  Project	  
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Anatomic Pathology Report 



General	  Comments	  
–  The	  AP	  report	  is	  a	  signed	  

document,	  not	  a	  database	  to	  
database	  transacLon.	  

–  It	  has	  been	  designed	  for	  a	  
specific	  purpose	  (even	  though	  it	  
is	  used	  for	  many	  others)	  

–  It	  is	  a	  communicaLon	  between	  
physicians	  

–  It	  is	  an	  “idenLfied	  document”	  in	  
the	  header	  and	  in	  the	  text	  

–  Used	  by	  caTIES,	  I2B2	  and	  others	  
for	  idenLfying	  cohorts	  

LIS EHR 



Data	  NOT	  found	  on	  	  
“Final”	  Pathology	  Report	  

•  Pathology	  descripLons	  
and	  diagnosis	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  
•  histology	  processing	  and	  

inventory	  data	  at	  the	  
part,	  block	  and	  slide	  
level	  

•  LIS	  that	  can	  act	  as	  a	  
massive	  Lssue	  banking	  
system,	  with	  data	  
associated	  directly	  with	  
specimens.	  

Histology data can be found in 
discreet data fields  
for basic information  
identifying blocks and slides. 

Individual slide 
information  
can be useful for 
DICOM &  
whole slide imaging. 



Research Scenario # 2 
 

Lung Tumor with Normal Tissue 



“Left upper 
lobe” 

Part
A 

-Research Request: Tissue sections on Adenocarcinoma of the Lung with 
Adjacent normal sections.  
-How do you identify which blocks are representing tumor and “normal” 
tissues? 

Research Scenario 

1 2 3 

4 5 6 

7 8 



Send specimens 
to pathology lab 

Surgery 

Let’s see 
what type of 
information is 
associated 
with  
Specimen 
“A”? 
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Method	  
•  IdenLfy	  all	  variaLons	  of	  specimen	  and	  

part	  idenLfiers	  in	  the	  data	  set	  	  
	  (1995-‐2011	  Surgical	  Pathology	  reports)	  

•  IdenLfy	  all	  variaLons	  in	  person	  
idenLfiers	  in	  the	  data	  set	  

•  Parse	  idenLfiers	  from	  text	  and	  text	  
secLons	  from	  each	  other	  

•  Store	  in	  an	  XML	  file(s)	  

Study Dataset Find Problems 

Write/Run 
Parsers 

Find Problems 

Write XML Files 



Creation of XML files 

<primary-attribute name="part_id" content="A:" line-nbr="0" auto-
create="false" master-pattern="(^[ ]*[A-Za-z]([-:,&. ][A-Za-z])*[:,. ])" 
preferred-pattern="(^[A-Z][:])"> 



XML	  
•  A	  file	  that	  acts	  like	  a	  database	  

•  IdenLfies	  and	  separates	  all	  data	  
elements	  

•  Makes	  each	  element	  addressable	  

•  Allows	  easy	  reconfiguraLon	  of	  the	  file	  	  

•  Create	  child	  files	  that	  that	  contain	  a	  
subset	  of	  the	  parent	  file	  in	  any	  
structure	  you	  want	  

•  Coding	  and	  Structured	  Data	  can	  be	  
included	  in	  any	  XML	  based	  report	  

•  One	  can	  include	  links	  to	  images	  or	  
links	  to	  lab	  manuals	  

	  



Identification of objects and information 









Identification of objects and information: 
 

Current limitations with AP-LIS data 



This is three database lines of text representing a single 
paragraph.  Full hard returns create new “paragraphs” 
within a single database field.   

“Free text” blob: 
This is a single database field representing multiple  
paragraphs. The narrative text is mixed with the identifier. 

Example	  Report	  #1	  



What does “Left Upper lobe” or “12L” represent? 
 
Links to database dictionary must be specific and  
accurately linked to narrative text.  
(i.e. Part type/specimen received). 

Part and Block Identifier are part of the narrative text. 



Example	  Report	  #2	  

Colon “:” is used 

Dash “-” is used 

Identifiers are hard to ‘find’ & not consistently implemented. 
This makes it very hard to “address” information about “Specimen A” 



Only Letters used 

Colon used 

Period used 



• The author is structuring data within a field, BUT not machine friendly. 

• Use parsing algorithms to pre-process data files directly from AP-LIS for Research use. 

• If the final report is not identifiable at each specimen level, it not useable! 

<primary-attribute name="part_id" content="A:" line-nbr="0" auto-
create="false" master-pattern="(^[ ]*[A-Za-z]([-:,&. ][A-Za-z])*[:,. ])" 
preferred-pattern="(^[A-Z][:])"> 



A subset of discreet information from APLIS………HOWEVER 



“Part Types” 
-Suppressed database value 
-Does not show up on Final Report 
-Discreet values and Vocabulary 
controlled by Pathology 
-Avoid using generic terms to 
define data dictionary. 

“Part Labels” 
-Shows up on Final Report 
-Free text value 
-Represents what surgeon wrote on 
specimen container 
-Vocabulary not controlled by Pathology 



Coding information (poorly 
linked to narrative data) 



Auto	  coding	  errors	  

Hard return creates a new paragraph 

…Causing misalignment of auto coding labels 



Auto	  coding	  errors	  

Example	  Report	  #3	  



Creation of XML files 

<primary-attribute name="part_id" content="A:" line-nbr="0" auto-
create="false" master-pattern="(^[ ]*[A-Za-z]([-:,&. ][A-Za-z])*[:,. ])" 
preferred-pattern="(^[A-Z][:])"> 







Original String 

Parse String 





Information derived from our 
APLIS 
 
For 1995-2011 “routine” 
accessions and “GYN-
cytology”. 
 
> 1.5 million reports processed 
 
1 Facility – UH-CMC 
 
Grouped by  
Sub-specialty pathology 
groups/ Organ Systems. 



Iden"fica"on	  of	  objects	  and	  informa"on	  allows:	  
	  

Reorganiza"on	  of	  AP	  LIS	  data	  for	  
	  “Researcher	  friendly”	  views	  



Original Report 

Structured Report 



Query Tool 

Query Results 



Specimen	  level	  annotaLon	  



Block	  descripLon	  for	  each	  block	  



Slide	  Staining	  informaLon	  



Whole slide images 



Research Scenario # 3 
 

Prostate Gleason Grade (intermediate) 



Research	  Scenario	  

I need paraffin, prostatectomy tissue from African American males. 
Gleason Sum Score (7) and (8, 9 or 10) 
Peri-neural Invasion Positive 
 
Can your local biobank help me? 

I want to study biomarker X, which helps predict treatment options for 
“Aggressive” prostate cancer.   
 
Can we use this biomarker X  to help patients that are diagnosed with 
“intermediate” prostate cancer? 
 
Will compare “intermediate” vs “high” grade prostate cancer tissues. 
 



Research	  Scenario:	  
Gleason	  Grade	  (Prostate)	  

•  Gleason	  score	  of	  4	  or	  less	  =	  Low-‐grade	  (well	  
differenLated):	  This	  type	  of	  slow-‐growing	  
cancer	  has	  an	  appearance	  most	  like	  normal	  
prostate	  cells	  and	  is	  the	  least	  dangerous.	  	  

•  Gleason	  score	  between	  4	  and	  7	  =	  Intermediate	  
grade	  (moderately	  differenLated):	  This	  type	  is	  
somewhere	  between	  the	  low-‐	  and	  high-‐grade	  
cancers	  and	  the	  most	  common	  of	  the	  three.	  
Depending	  on	  PSA	  level	  and	  tumor	  volume,	  it	  
can	  act	  like	  a	  high-‐	  or	  low-‐grade	  cancer.	  	  

•  Gleason	  score	  between	  8	  and	  10	  =	  High-‐grade	  
(poorly	  differenLated):	  This	  type	  of	  cancer	  has	  
an	  appearance	  least	  like	  normal	  prostate	  cells.	  It	  
is	  the	  most	  deadly	  since	  it	  is	  very	  aggressive	  and	  
grows	  very	  fast	  -‐-‐	  even	  into	  surrounding	  areas	  
such	  as	  lymph	  nodes	  and	  bones.	  These	  cancer	  
cells	  also	  tend	  to	  be	  large,	  hard	  to	  treat,	  and	  
reappear	  more	  frequently.	  	  



Research	  Scenario:	  	  Data	  Analysis	  



Not	  all	  Gleason	  7	  are	  the	  same!!!!	  

•  Gleason	  5+2	  =	  7	  

•  Gleason	  4+3	  =	  7	  

•  Gleason	  3+4	  =	  7	  

•  Gleason	  2+5	  =	  7	  



Research Scenario # 4 
 

Follow up/Outcomes data 



Research	  Scenario	  

I need paraffin, prostatectomy tissue from African American males. 
Gleason Sum Score (7) and (8, 9 or 10) 
Peri-neural Invasion Positive 
 
Can you also provide follow up data for at least one year? 



Data	  IntegraLon	  

•  Cancer	  Registry	  

•  Clinical	  Trails	  

•  Biorepository	  inventory	  system	  

•  Family	  Medicine	  registry	  

•  Epidemiology/GeneLcs/Hereditary	  
research	  databases	  

•  Links	  to	  whole	  slide	  images/TMAs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(in	  process)	  
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Links	  to	  Tissue	  Bank	  Inventory	  



Links	  to	  Cancer	  Registry	  Data	  

•  Exports	  from	  Cancer	  
Registry	  Systems	  

– NAACCR	  format	  
(standardized)	  

– Provided	  as	  .DAT	  file	  

– Can	  read	  using	  
NotePad	  reader,	  etc	  



Links	  to	  Cancer	  Registry	  Data	  



NAACCR	  v12	  Transla"on	  Tool	  
•  NAACCR	  v12	  SAS	  Transla"on	  Tool	  
•  NAACCR	  v12	  MicrosoU	  Access	  Transla"on	  Tool	  
•  Approved	  by	  the	  NAACCR	  IT	  Commikee	  	  
	  
•  Provided	  by	  David	  O’Brien	  at	  the	  Alaska	  Cancer	  Registry	  

–  Users	  familiar	  with	  Microsol	  Access	  will	  be	  able	  to	  import	  a	  NAACCR	  v12	  
file,	  which	  would	  then	  be	  available	  as	  a	  standard	  Access	  table.	  Once	  in	  a	  
table	  format,	  queries	  can	  be	  wriken	  to	  select	  a	  subset	  of	  data	  items	  that	  
could	  be	  transferred	  to	  Excel	  for	  addiLonal	  analysis.	  Records	  in	  the	  table	  
can	  be	  reviewed	  for	  quality	  control	  (QC),	  modified,	  and	  then	  exported	  back	  
out	  again	  as	  a	  NAACCR	  v12	  file.	  Anyone	  with	  quesLons	  about	  this	  tool	  
should	  contact	  David	  O’Brien	  at	  the	  Alaska	  Cancer	  Registry	  at	  
david.obrien@alaska.gov	  with	  quesLons	  or	  thoughts.	  

•  hkp://www.naaccr.org/StandardsandRegistryOperaLons/NAACCRv12TransTools.aspx	  



The	  Clinical	  Annota"on	  Engine	  Overview	  
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Research Scenario # 5 
 

Prostate Gleason Grade Tissue Microarray 



Research	  Scenario	  

We would like to construct a Gleason Grade TMA. 
 
Can we have 50 cases of each Low, Intermediate, and High Grades? 
 
Can we also have matching adjacent “normal” tissues? 
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Research Scenario - TMA Workflow 



TMA	  construcLon	  

•  Tissue	  Microarray	  (TMA):	  	  
Paraffin	  block	  with	  mulLple	  Lssue	  
cores	  

•  Each	  core	  is	  from	  a	  different	  
Lssue	  specimen	  

•  2.0	  -‐	  0.6	  mm	  cores	  from	  selected	  
paraffin	  Lssue	  secLons	  

•  ~	  300	  cores	  in	  an	  organized	  grid	  
•  Can	  evaluate	  hundreds	  of	  

specimens	  in	  a	  slide	  
•  Make	  hundreds	  of	  slides	  per	  

array	  

1 

2 

3 

4 

Tissue Blocks 

Tissue Block 

Slide stained w IP, 
FISH, etc. 
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Tissue Arrays (CK 903). 



Tissue Arrays (PSA) 







•  Tissue	  Data	  is	  complex	  and,	  
potenLally	  infinite…	  

•  What	  data	  is	  “relevant”,	  
what	  data	  is	  useful	  to	  
researchers	  when	  they	  are	  
searching	  for	  Lssue	  
specimens?	  

Progression 
Therapy 
Demographics 

Grade 
Stage 
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Type 

Anatomy 
Phenotype 
Images 

Time 
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Morphologic 
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Family Studies 

Summary:	  Tissue	  AnnotaLon	  

TCGA data 



Summary	  
•  Increase	  demand	  for	  structured	  data	  for	  biospecimen	  annotaLon	  
	  
•  There	  is	  no	  subsLtute	  for	  clear	  and	  consistent	  labeling	  when	  the	  data	  was	  

collected	  and	  entered	  into	  your	  eClinical	  Systems	  

•  Leverage	  exisLng	  	  Clinical	  InformaLon	  Systems	  (pros/cons)	  

•  LimitaLons	  to	  Clinical	  Systems	  exists,	  because	  we	  accept	  those	  limitaLons	  
	  
•  With	  a	  great	  deal	  of	  effort,	  one	  can	  parse	  clinical	  data	  so	  that	  the	  data	  

components	  are	  addressable	  
	  



Summary	  
•  Researchers	  must	  not	  assume	  the	  clinical	  data	  provided	  to	  you	  is	  correct,	  but	  

also	  understand	  it	  and	  ques*on	  its	  origin	  

•  Get	  involved	  and	  collaborate	  with	  someone	  from	  Pathology	  who	  can	  add	  value	  
to	  your	  research	  project	  

•  Find	  Physicians/Fellows/Residents	  as	  your	  CLINICAL	  partner	  

•  Work	  with	  Cancer	  Registrars	  to	  help	  you	  find	  cohorts	  of	  clinical	  paLents	  with	  
outcomes	  data	  

•  Do	  not	  rush	  to	  start	  your	  experiments.	  	  Take	  Lme	  to	  have	  a	  well-‐designed	  study.	  

•  If	  your	  research	  data	  has	  outliers	  that	  you	  did	  not	  except,	  go	  back	  and	  review	  
the	  process	  you	  used.	  	  DO	  NOT	  GET	  DISCOURAGED!!!!	  



Thank	  You.	  

Ashokkumar	  A.	  Patel,	  MD	  
ashok.patel@case.edu	  

216-‐368-‐5106	  	  

“If everyone is thinking alike, then someone isn’t thinking.” –George S. Patton, Jr. 
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