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Introduction 

•  (brain)	
  metastases	
  are	
  fatal	
  sequelae	
  of	
  cancer	
  

•  in	
  some	
  cases,	
  primary	
  is	
  unknown	
  (up	
  to	
  11%)	
  

objec(ves	
  
1.  differenAal	
  methylaAon	
  between	
  primary	
  tumors	
  and	
  metastases	
  
2.  epigeneAc	
  data	
  as	
  a	
  potenAal	
  marker	
  to	
  idenAfy	
  Assue	
  of	
  origin	
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Nucleosome	
   Histone	
  modificaAon	
  

Methylated	
  DNA	
  

mechanism	
  
•  DNMT	
  enzymes	
  
•  cytosine	
  residues	
  

consequence	
  
•  transcripAonal	
  repression	
  
•  differenAaAon/development	
  
•  tumor	
  suppressor	
  silencing	
  

assessment	
  
•  bisulfite	
  sequencing	
  
•  array-­‐based	
  methods	
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•  bladder	
  cancer	
  (n	
  =	
  1)	
  
-  paired	
  (n	
  =	
  1)	
  

•  breast	
  cancer	
  (n	
  =	
  16)	
  
-  paired	
  (n	
  =	
  8)	
  
-  unpaired	
  (n	
  =	
  8)	
  

•  lung	
  cancer	
  (n	
  =	
  34)	
  
-  paired	
  (n	
  =	
  32)	
  
-  unpaired	
  (n	
  =	
  2)	
  

•  melanoma	
  (n	
  =	
  13)	
  
-  paired	
  (n	
  =	
  2)	
  
-  unpaired	
  (n	
  =	
  11)	
  

Paired	
  (n	
  =	
  43)	
   Unpaired	
  (n	
  =	
  21)	
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Statistical difficulties 

•  t-­‐test	
  (and	
  other	
  staAsAcs)	
  
detect	
  common	
  differences	
  

•  no	
  staAsAcal	
  test	
  for	
  n	
  =	
  1	
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•  Δβ	
  >	
  0.1	
  	
  	
  	
  	
  	
  ≈	
  p	
  <	
  0.05	
  	
  
•  Δβ	
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  0.01	
  	
  
•  Δβ	
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  ≈	
  p	
  <	
  0.001	
  	
  

Beta	
  (abs.	
  difference)	
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Tissue identity dictates methylation pattern 

PC1
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training	
  cohort	
  
(n	
  =	
  300,	
  TCGA)	
  

●

●

●

●

●

●

BLCA
BRCA
KIRC
LUAD
LUSC
SKCM

validaAon	
  cohort	
  	
  
(n	
  =	
  297,	
  TCGA)	
  



Random forests 

lung	
  

breast	
  

skin	
   kidney	
  

RB1:	
  β	
  >	
  0.6	
  ?	
  

KRT14:	
  β	
  >	
  0.8	
  ?	
  

yes	
  

no	
  

yes	
  
no	
  

SUSD4:	
  β	
  >	
  0.3	
  ?	
  yes	
   no	
  

09/19	
  

all	
  samples	
  

lung	
  

breast	
  

skin	
  

kidney	
  

samples	
  
•  once	
  per	
  tree	
  
•  w/	
  replacement	
  

probes	
  
•  every	
  node	
  
•  √n	
  (≈	
  700)	
  



Classification works well in training cohort 

True	
  class	
  

Predicted	
   BLCA	
   BRCA	
   KIRC	
   LUAD	
   LUSC	
   SKCM	
  

BLCA	
   45	
   0	
   0	
   1	
   1	
   0	
  

BRCA	
   1	
   50	
   0	
   0	
   1	
   0	
  

KIRC	
   1	
   0	
   49	
   0	
   0	
   0	
  

LUAD	
   0	
   0	
   0	
   49	
   2	
   0	
  

LUSC	
   3	
   0	
   1	
   0	
   46	
   1	
  

SKCM	
   0	
   0	
   0	
   0	
   0	
   49	
  

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

BLCA	
   0.9	
   0.99	
   0.96	
   0.98	
  

BRCA	
   1	
   0.99	
   0.96	
   1	
  

KIRC	
   0.98	
   1	
   0.98	
   1	
  

LUAD	
   0.98	
   0.99	
   0.96	
   1	
  

LUSC	
   0.92	
   0.98	
   0.9	
   0.98	
  

SKCM	
   0.98	
   1	
   1	
   1	
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Classification works well in training cohort 

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

BLCA	
   0.9	
   0.99	
   0.96	
   0.98	
  

BRCA	
   1	
   0.99	
   0.96	
   1	
  

KIRC	
   0.98	
   1	
   0.98	
   1	
  

LUAD	
   0.98	
   0.99	
   0.96	
   1	
  

LUSC	
   0.92	
   0.98	
   0.9	
   0.98	
  

SKCM	
   0.98	
   1	
   1	
   1	
  

ROC curve for training set

False positive rate
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Performance is similar in validation cohort 

True	
  class	
  

Predicted	
   BLCA	
   BRCA	
   KIRC	
   LUAD	
   LUSC	
   SKCM	
  

BLCA	
   47	
   0	
   0	
   0	
   1	
   0	
  

BRCA	
   0	
   48	
   0	
   0	
   0	
   0	
  

KIRC	
   0	
   0	
   49	
   0	
   0	
   0	
  

LUAD	
   0	
   0	
   0	
   44	
   4	
   0	
  

LUSC	
   3	
   2	
   0	
   6	
   43	
   1	
  

SKCM	
   0	
   0	
   0	
   0	
   0	
   45	
  

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

BLCA	
   0.94	
   1	
   0.98	
   0.99	
  

BRCA	
   0.96	
   1	
   1	
   0.99	
  

KIRC	
   1	
   1	
   1	
   1	
  

LUAD	
   0.88	
   0.98	
   0.92	
   0.98	
  

LUSC	
   0.9	
   0.95	
   0.78	
   0.98	
  

SKCM	
   0.98	
   1	
   1	
   1	
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ROC curve for tumor validation set

False positive rate
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Performance is similar in validation cohort 

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

BLCA	
   0.94	
   1	
   0.98	
   0.99	
  

BRCA	
   0.96	
   1	
   1	
   0.99	
  

KIRC	
   1	
   1	
   1	
   1	
  

LUAD	
   0.88	
   0.98	
   0.92	
   0.98	
  

LUSC	
   0.9	
   0.95	
   0.78	
   0.98	
  

SKCM	
   0.98	
   1	
   1	
   1	
  

False	
  posiAve	
  rate	
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  p
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te
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LUSC
SKCM
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The method is also applicable to normal tissue 

True	
  class	
  

Predicted	
   bladder	
   breast	
   kidney	
   lung	
  

bladder	
   12	
   0	
   0	
   0	
  

breast	
   0	
   43	
   0	
   0	
  

kidney	
   6	
   7	
   50	
   0	
  

lung	
   3	
   0	
   0	
   74	
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Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

bladder	
   0.57	
   1	
   1	
   0.95	
  

breast	
   0.86	
   1	
   1	
   0.95	
  

kidney	
   1	
   0.91	
   0.79	
   1	
  

lung	
   1	
   0.98	
   0.96	
   1	
  

ROC curves for tissue validation set

False positive rate
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Classification is applicable to brain metastases 

True	
  class	
  

Predicted	
   bladder	
   breast	
   lung	
   skin	
  

bladder	
   2	
   0	
   0	
   0	
  

breast	
   0	
   19	
   2	
   0	
  

lung	
   0	
   4	
   63	
   0	
  

skin	
   0	
   0	
   0	
   15	
  

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

bladder	
   1	
   1	
   1	
   1	
  

breast	
   0.83	
   0.98	
   0.9	
   0.95	
  

lung	
   0.97	
   0.9	
   0.94	
   0.95	
  

skin	
   1	
   1	
   1	
   1	
  

True	
  class	
  

Predicted	
   bladder	
   breast	
   lung	
   skin	
  

bladder	
   1	
   0	
   0	
   0	
  

breast	
   0	
   13	
   2	
   0	
  

lung	
   0	
   3	
   32	
   0	
  

skin	
   0	
   0	
   0	
   13	
  

Class	
   Sens.	
   Spec.	
   PPV	
   NPV	
  

bladder	
   1	
   1	
   1	
   1	
  

breast	
   0.81	
   0.96	
   0.87	
   0.94	
  

lung	
   0.94	
   0.9	
   0.91	
   0.93	
  

skin	
   1	
   1	
   1	
   1	
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LUSC and BLCA score similar 
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all	
  samples	
  incl.	
  primaries	
   brain	
  metastases	
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This was also noted in a pan-cancer analysis 

Hoadley	
  et	
  al.,	
  Cancer	
  Cell,	
  2014	
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Summary and outlook 

•  differences	
  in	
  methylaAon	
  	
  
-  might	
  depend	
  on	
  cancer	
  type	
  
-  sAll,	
  many	
  CpGs	
  do	
  not	
  change	
  
-  in-­‐depth	
  analysis	
  of	
  paired	
  samples	
  

•  random	
  forest	
  classifier	
  can	
  reliably	
  idenAfy	
  CUP	
  cases	
  
-  more	
  enAAes	
  &	
  samples	
  for	
  brain	
  mets	
  
-  extend	
  to	
  extracranial	
  mets	
  
-  make	
  available	
  as	
  online	
  tool	
  

•  data	
  for	
  primary	
  tumors	
  is	
  sufficient	
  for	
  classifier	
  training	
  
-  more	
  enAAes	
  &	
  samples	
  for	
  primaries	
  
-  substraAficaAon	
  within	
  enAAes	
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