
NCIP	
  Hub,	
  a	
  environment	
  to	
  
facilitate	
  scien7fic	
  collabora7on	
  
within	
  the	
  Quan7ta7ve	
  Imaging	
  

Network	
  	
  
Jayashree	
  Kalpathy-­‐Cramer	
  

MassachuseDs	
  General	
  Hospital	
  



Background	
  of	
  Project	
  
MGH	
  received	
  small,	
  short-­‐term	
  (3	
  month)	
  
contract	
  from	
  CBIIT/SAIC	
  to	
  evaluate	
  u7lity	
  of	
  
NCIP	
  Hub	
  for	
  QIN	
  
–  Primary	
  focus	
  on	
  suppor7ng	
  challenges	
  
–  Explore	
  other	
  capabili7es	
  of	
  HUBzero	
  plaTorm	
  
–  Iden7fy	
  advantages	
  as	
  well	
  as	
  poten7al	
  short	
  term	
  and	
  
long	
  term	
  road	
  blocks	
  to	
  using	
  plaTorm	
  in	
  support	
  of	
  QIN	
  

Timing:	
  NCIP	
  Hub	
  being	
  set	
  up	
  at	
  the	
  same	
  7me	
  
as	
  three	
  pilot	
  “portals”	
  
–  No	
  specific	
  training	
  for	
  this	
  project	
  

•  Lots	
  of	
  on-­‐line	
  resources	
  

	
  	
  



QIN	
  and	
  QIN	
  working	
  groups	
  

•  Data	
  acquisi7on	
  
•  Image	
  Analysis	
  
– PET/CT	
  
– DCE/DWI	
  

•  Bioinforma7cs	
  
and	
  Data	
  
Sharing	
  

•  Clinical	
  Trials	
  



Evaluate	
  HUBzero,	
  a	
  plaTorm	
  for	
  scien7fic	
  
collabora7on	
  for	
  the	
  QIN	
  network	
  
– HUBzero	
  allows	
  users	
  to	
  deploy	
  computa7onal	
  
research	
  so\ware,	
  and	
  visualize	
  and	
  analyze	
  results,	
  
all	
  through	
  a	
  web	
  browser	
  

–  Eases	
  the	
  task	
  of	
  accessing	
  high-­‐performance	
  and	
  
cloud	
  compu7ng	
  systems.	
  	
  

–  Facilitates	
  cloud	
  compu7ng	
  
•  Algorithm	
  comparison/challenges	
  

– Developing	
  a	
  community	
  
•  Built-­‐in	
  social	
  networking	
  features	
  create	
  communi7es	
  in	
  
almost	
  any	
  field	
  and	
  facilitate	
  communica7on	
  and	
  
collabora7on,	
  distribu7on	
  of	
  research	
  results,	
  training,	
  and	
  
educa7on.	
  



HUBzero	
  core	
  capabili7es	
  
•  Marketplace/Catalog:	
  Sharing	
  QIN	
  research	
  
outputs	
  (including	
  interim	
  ones),	
  create	
  
catalog	
  of	
  resources	
  

•  AppStore:	
  Share	
  QIN	
  tools,	
  enable	
  others'	
  use	
  
of	
  the	
  tools	
  etc.	
  

•  Collaboratory:	
  Develop	
  tools	
  together,	
  Gather	
  
input	
  on	
  use	
  of	
  tools	
  and	
  other	
  
communica7on	
  for	
  network/group	
  ac7vi7es	
  
etc.	
  



NCIP	
  Hub	
  could	
  facilitate…	
  
•  Communica7on	
  
– Wikis,	
  blogs,	
  social	
  media	
  features,	
  calendars	
  

•  QIN	
  (and	
  other)	
  challenges	
  
•  Tool	
  sharing	
  
– Metrology	
  tools	
  
–  Image	
  analysis	
  tools	
  

•  Cloud	
  compu7ng	
  
–  Bring	
  algorithms	
  to	
  data	
  

•  Development	
  of	
  collabora7ve	
  image	
  analysis	
  
tools/pipelines	
  
–  Leverage	
  exper7se	
  from	
  different	
  sites	
  
	
  
	
  



Communica7on	
  



Sharing	
  list	
  of	
  resources	
  

hDp://nciphub.org/groups/qinportal/wiki/MainPage/Resourcesforchallenges	
  



Projects	
  



Calendar	
  



Sharing	
  resources	
  (access	
  controlled)	
  

•  Presenta7ons	
  
•  Manuscripts	
  
•  Data	
  
•  Code	
  snippets	
  

hDp://nciphub.org/resources/33	
  





Facilita7ng	
  Quan7ta7ve	
  Image	
  
Analysis	
  Algorithm	
  Comparisons	
  
within	
  the	
  Quan7ta7ve	
  Imaging	
  

Network	
  (QIN)	
  



Overall	
  goals	
  
•  Evaluate	
  the	
  performance	
  of	
  quan7ta7ve	
  
imaging	
  biomarkers,	
  image	
  analysis	
  algorithms	
  
and	
  novel	
  techniques	
  by	
  facilita7ng	
  the	
  direct	
  
comparison	
  of	
  results	
  u7lizing	
  
– Common	
  datasets	
  with	
  a	
  wide	
  range	
  of	
  lesions	
  
(size,	
  shape,	
  texture,	
  loca7on)	
  

– Sta7s7cal	
  analysis	
  
– Established	
  metrics	
  

•  Encourage	
  par7cipa7on	
  by	
  leading	
  imaging	
  
centers	
  within	
  the	
  network	
  and	
  larger	
  
community	
  



Lung	
  CT	
  segmenta7on	
  challenge	
  
Goal:	
  Performance	
  Evalua7on	
  of	
  Lung	
  Lesion	
  
Segmenta7on	
  Algorithms	
  	
  
Dataset:	
  52	
  lesions	
  from	
  5	
  collec7ons	
  (TCIA)	
  

	
  CUMC	
  (phtantom	
  with	
  known	
  volumes),	
  LIDC,	
  RIDER,	
  MoffiD,	
  
	
  Stanford	
  

Par7cipants:	
  Members	
  of	
  QIN	
  
Submissions:	
  Each	
  site	
  submiDed	
  3	
  runs	
  for	
  each	
  
lesion,	
  
Evalua7ons:	
  bias	
  and	
  reproducibility	
  of	
  volumes,	
  
overlap	
  metrics	
  



Sample	
  Results	
  (4	
  algorithms)	
  

Single	
  Click	
   Seed	
  Circle	
  

Watershed	
  Ac7ve	
  
Contour	
  

Level	
  Set	
  



Example	
  results	
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Wide	
  range	
  of	
  volumes	
  of	
  lesions	
  
being	
  evaluated	
  

Intra	
  algorithm	
  volume	
  overlap	
  
higher	
  than	
  inter	
  algorithm	
   Dice	
  coefficient	
  

Map	
  displaying	
  areas	
  of	
  high	
  (light	
  purple)	
  and	
  
low	
  agreement	
  (brown)	
  between	
  algorithms	
  
for	
  MOFF_13	
  

Pairwise	
  dice	
  coefficients	
  (overlap	
  between	
  
results	
  of	
  different	
  algorithms)	
  



Demo	
  



DCE-­‐MRI	
  challenge	
  
Goal:	
  Mul7-­‐QIN	
  sites	
  DCE-­‐MRI	
  Data	
  Analysis	
  
Challenge	
  to	
  evaluate	
  the	
  ability	
  of	
  DCE	
  analysis	
  
so\ware	
  packages/models	
  to	
  dis7nguish	
  
pathologic	
  responders	
  from	
  non-­‐responders	
  
a\er	
  1	
  cycle	
  of	
  chemotherapy	
  
Dataset:	
  20	
  studies	
  (10	
  pa7ents	
  at	
  baseline	
  and	
  
a\er	
  1	
  cycle	
  of	
  chemotherapy)	
  
Par7cipants:	
  Members	
  of	
  QIN	
  
Evalua7ons:	
  ability	
  of	
  models	
  to	
  predict	
  
response	
  seen	
  in	
  pathology	
  based	
  on	
  changes	
  in	
  
Ktrans	
  



DCE-­‐challenge	
  results	
  (preliminary)	
  



DCE-­‐DRO	
  challenge	
  

•  Digital	
  reference	
  object	
  
– So\ware	
  phantom	
  



Demo-­‐	
  DCE	
  simula7on	
  



Tool	
  sharing	
  
•  Metrology	
  tools	
  
– Best	
  sta7s7cal	
  methods	
  for	
  algorithm	
  comparison	
  

•  Test-­‐retest	
  
•  Agreement	
  
•  Inter-­‐rater	
  agreement	
  

– Best	
  approaches	
  for	
  evalua7ng	
  segmenta7on,	
  
registra7on	
  

•  Image	
  analysis	
  tools	
  
– Open	
  source	
  tools	
  (Slicer,	
  Freesurfer	
  etc)	
  
– Matlab	
  scripts	
  
– Python	
  scripts	
  (glue)	
  



Demo-­‐wrapping	
  Slicer’s	
  Diffusion	
  
analysis	
  tool 	
  	
  



Demo-­‐wrapping	
  Freesurfer’s	
  Diffusion	
  
analysis	
  tool 	
  	
  



Difference	
  Map	
  



Hubzero/Rappture	
  integra7on	
  with	
  R	
  



Demo-­‐wrapping	
  R	
  package	
  for	
  B1	
  map	
  
calcula7on	
  



Cloud	
  compu7ng	
  

•  Bring	
  algorithms	
  to	
  data	
  
– Share	
  data	
  in	
  common	
  loca7on	
  

•  “groups”?	
  
– Run	
  algorithms	
  in	
  Hub	
  environment	
  
– Results	
  in	
  Hub	
  



Collabora7ve	
  pipelines	
  

•  String	
  together	
  tools	
  created	
  by	
  different	
  
groups	
  
– Select	
  “best	
  modules”	
  



QIN	
  portal	
  for	
  nciphub	
  

•  Share	
  (open	
  source)	
  tools	
  for	
  image	
  analysis	
  
•  Develop	
  and	
  deploy	
  sta7s7cal	
  analysis	
  and	
  
metrology	
  tools	
  

•  Develop	
  a	
  community	
  of	
  quan7ta7ve	
  imaging	
  
researchers	
  

•  Share	
  data	
  including	
  so\ware	
  phantoms	
  
•  Perform	
  algorithm	
  comparisons	
  
•  Make	
  recommenda7ons	
  for	
  best	
  prac7ces	
  



Going	
  forward	
  
•  Na7ve	
  DICOM	
  viewers	
  
– BeDer	
  medical	
  image	
  display	
  and	
  handling	
  is	
  
needed	
  within	
  Rappture	
  

•  A	
  way	
  to	
  bypass	
  the	
  user	
  workspace	
  and	
  
transfer	
  data	
  directly	
  to	
  the	
  group	
  /data	
  folder	
  	
  

•  Data	
  sharing	
  op7ons	
  for	
  large	
  imaging	
  
datasets	
  need	
  to	
  be	
  improved	
  	
  

•  Direct	
  connec7on	
  with	
  TCIA	
  
•  Support	
  for	
  rela7onal	
  databases	
  (sqlite	
  or	
  
postgres)	
  would	
  be	
  necessary	
  for	
  a	
  number	
  of	
  
the	
  tasks	
  of	
  the	
  QIN	
  groups	
  



Going	
  forward	
  
•  Interac7ve	
  tools	
  
•  Support	
  for	
  Github	
  might	
  be	
  important	
  as	
  a	
  
number	
  of	
  the	
  open-­‐source	
  projects	
  within	
  
the	
  QIN	
  are	
  hosted	
  on	
  github	
  	
  

•  Need	
  to	
  iden7fy	
  an	
  op7mal	
  method	
  to	
  share	
  
code	
  snippets	
  (similar	
  to	
  gist	
  on	
  github)	
  

•  Need	
  to	
  incorporate	
  workflow	
  tools	
  such	
  as	
  
the	
  Pegasus	
  system	
  

•  	
  Ability	
  for	
  users	
  to	
  upload	
  data	
  and	
  have	
  
databases	
  updated	
  to	
  reflect	
  that	
  would	
  be	
  
useful	
  


