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History	  

William	  Osler	  (1849-‐1919)	  

"Father	  of	  Modern	  Medicine"	  

"the	  effec*ve,	  moving,	  vitalizing	  work	  of	  the	  world	  is	  

done	  between	  the	  ages	  of	  twenty-‐five	  and	  forty’’	  

Sir	  William	  Osler,	  "The	  Fixed	  Period",	  farewell	  address	  at	  Johns	  

Hopkins	  Medical	  School,	  1905	  

	  

This	   approach	   to	   disease	   by	   disease	   diagnosis,	  

prognosis,	   and	   treatment	   has	   served	   the	   medical	  

establishment	   and	   society	   well	   for	   many	   years	   but	  

vastly	  overgeneralizes	  pathophenotypes.	  

Oslerian	  formalism:	  disease	  is	  defined	  on	  the	  basis	  of	  

the	   organ	   system	   in	   which	   symptoms	   are	   manifest,	  

and	  in	  which	  pathology	  is	  correlated.	  
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Present	  	  
Prevalence	  per	  100	  of	  different	  measures	  of	  health	  status	  according	  to	  	  

age	  groups	  and	  gender.	  The	  Swedish	  Na*onal	  Aging	  and	  Care	  Project.	  

%

Unpublished	  data	  
Poster	  n.	  P-‐21	  
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DEFINITION	  OF	  CLUSTER	  
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Clusters	  are	  defined	  as	  the	  co-‐occurrence	  of	  two	  or	  more	  	  

SPECIFIC	  diseases	  in	  the	  same	  individual	  

According	   to	   the	  European	  Forum	   for	  Primary	  Care,	   an	   important	  first	   step	   to	  generate	  an	  
evidence	  base	  for	  actual	  clinical	  prac*ce	  is	  focusing	  on	  the	  systema*c	  associa*ons	  or	  clusters	  

of	  diseases.	  	  	  

hjp://calliope.nivel.nl/pdf/EuropeanForumforPrimaryCareresponse_120419_Final.pdf.	  

According	  to	  the	  Na*onal	  Ins*tute	  for	  Health	  and	  Clinical	  Excellence	  (NICE)	  this	  informa*on	  is	  

essen*al	  for	  developing	  guidelines	  or	  framework	  for	  clinical	  treatment	  of	  pa*ents	  affected	  by	  

mul*ple	  diseases.	  

hjp://www.nice.org.uk/newsroom/news/NICEshouldProduceGuidanceOnMul*pleMorbidi*es.jsp	  
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POSSIBLE	  IMPLICATIONS	  OF	  CLUSTER	  MEDICINE	  

•  New	   research	   hypotheses	   on	   possible	   shared	   pathological	   pathways	   for	   clusters	   of	  
specific	  diseases	  can	  be	  developed	  

•  Preven*on,	  especially	  secondary	  preven*on	  can	  be	  implemented	  

•  Groups	  of	  people	  at	  high	  risk	  of	  adverse	  outcomes	  can	  be	  iden*fied	  

•  Polypharmacy,	  adverse	  drug	  reac*ons	  and	  poten*ally	  inappropriate	  medica*ons	  can	  be	  
different	  in	  different	  diseases’	  clusters	  

•  Financial	   resources	   could	   be	   bejer	   distributed;	   in	   fact,	   cost	   of	   specific	   clusters	   of	  
diseases	  can	  be	  addi*ve	  or	  mul*plica*ve	  

•  The	   severity	   of	   a	   disease	   can	   be	   approximated	   by	   its	   connec*on	   with	   other	   specific	  
diseases	  for	  pa*ents	  with	  the	  same	  number	  of	  diagnoses	  

•  Once	  the	  triggering	  event	  promo*ng	  the	  clustering	  of	  diseases	  has	  been	  iden*fied,	  trials	  
could	  be	  designed	  in	  order	  to	  change	  the	  chain	  of	  events	  	  
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Network	  DefiniFon	  
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A	   network	   can	   be	   viewed	   as	   a	   collec*on	   of	   linked	   nodes,	   whose	   distribu*on	   can	  

range	  from	  random	  to	  highly	  clustered	  	  

At	  the	  heart	  of	  a	  network	  there	  is	  dependence,	  both	  between	  and	  within	  variables	  	  

The	  presence	  of	  one	  *e	  may	  influence	  the	  presence	  of	  another	  	  

Network	   science	   is	   the	   study	   fields	   of	   the	   collec*on,	   management,	   analysis,	  

interpreta*on,	  and	  presenta*on	  of	  rela*onal	  data	  

The	  aim	  of	  network	  science	  is	  to	  simplify	  complex	  systems	  

	  

As	  regards	  cellular	  systems,	  the	  nodes	  are	  protein,	  RNA	  and	  gene	  sequences	  

The	  edges	  are	  physical	  and	  func*onal	  interac*ons	  amongst	  them	  

	  



12	  Cluster	  and	  Network	  Medicine,	  Milan,	  September	  25th	  2013	  
	  

Vidal	  et	  al.	  Cell	  2011	  

Ajempt	  to	  describe	  
all	  possible	  
biochemical	  
reac*ons	  for	  a	  
par*cular	  cell	  

	  
	  

Nodes	  represent	  
proteins	  and	  

edges	  a	  physical	  
interac*on	  
between	  two	  
proteins	  

	  

Nodes	  are	  either	  a	  
transcrip*on	  factor	  
or	  a	  DNA	  regulatory	  
element	  and	  edges	  
represent	  the	  link	  
between	  them	  

	  

Viruses	  have	  
evolved	  

mechanisms	  to	  
perturb	  the	  
intracellular	  

networks	  to	  their	  
advantages	  
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Networks	  and	  human	  diseases	  
	  

Every	   disease	   is	   the	   result	   of	   the	   complex	   nonlinear	   dynamic	   network	   of	  

genomic,	   proteomic	   and	   environmental	   factors	   linked	   to	   yield	   different	  

clinical	  phenotypes	  

	  

Phenotypes	   arise	   from	   the	   pathological	   perturba*on	   of	   one	   or	   more	  

biological	  networks	  (genes,	  proteins,	  metabolism)	  

	  

Why	   mechanisms	   underlying	   genotype-‐fenotype	   rela*onships	   are	   only	  
par*ally	  explained?	  
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Possible	  implicaFons	  of	  network	  approach	  in	  human	  diseases	  

The	   so-‐called	   off-‐target	   effect	   of	   drugs,	   which	   open	   leads	   to	   a	   drug’s	  

withdrawal	  from	  the	  market	  is	  a	  reflec*on	  of	  the	  failure	  to	  consider	  any	  

pharmacological	  agent	  in	  holis*c	  context,	  perturba*ng	  a	  network.	  

Failure	  of	  the	  majority	  of	  clinical	  trials,	  i.e.,	  Alzheimer’s	  disease,	  based	  on	  

one	  cause	  –	  one	  disease	  idea	  	  

Analysis	  of	  network	  perturba*ons	  by	  pathogens	  

	  

Global	  rela*onship	  between	  diseases	  with	  associated	  gene	  and	  

molecular	  networks	  
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The	  link	  between	  cluster	  and	  network	  medicine	  
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