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Chemotherapy	
  and	
  Cogni4on	
  

 	
  
	
  

•  Increasing	
  evidence	
  that	
  chemotherapy	
  for	
  non-­‐CNS	
  disease	
  
can	
  produce	
  neurobiological	
  changes	
  	
  

•  Stressing	
  the	
  importance	
  to	
  assess	
  and	
  manage	
  cogni4ve	
  
func4oning	
  in	
  pa4ents	
  with	
  non-­‐CNS	
  disease	
  

	
  

	
  



Brain	
  met	
  studies	
  with	
  cogni4on	
  as	
  an	
  endpoint	
  

Trials	
  have	
  historically	
  been	
  about	
  radia4on	
  effects	
  on	
  
cogni4on	
  
	
  
Radia4on-­‐induced	
  late	
  effects	
  are	
  due	
  to	
  dynamic	
  interac4ons	
  between	
  
mul4ple	
  cell	
  types	
  in	
  the	
  brain:	
  
	
  
•  Endothelial	
  cells	
  
•  oligodendrocytes	
  -­‐	
  required	
  for	
  forma4on	
  myelin	
  sheets	
  -­‐	
  and	
  

astrocytes	
  -­‐	
  interac4ng	
  with	
  vascular	
  and	
  parenchymal	
  elements	
  in	
  the	
  
brain	
  

•  microglia	
  prolifera4on	
  
•  involvement	
  of	
  stem	
  cells	
  in	
  hippocampus	
  
	
  
	
  

 
	
  



An	
  example	
  from	
  brain	
  met	
  RT	
  trials:	
  
	
  
Chang	
  et	
  al.	
  Lancet	
  Oncol	
  2009:	
  10;1037-­‐44	
  



Another	
  example	
  from	
  brain	
  met	
  RT	
  trials:	
  
	
  



ShiI	
  from	
  short	
  term	
  pallia4on	
  to	
  prolonged	
  control	
  of	
  tumor	
  
growth	
  while	
  maintaining/improving	
  neurologic	
  and	
  func4onal	
  
status	
  and	
  avoiding	
  poten4al	
  toxicity	
  of	
  WBRT	
  
	
  
Ini4a4ves	
  to	
  apply	
  chemotherapy/targeted	
  agents	
  for	
  brain	
  
metastases	
  call	
  for:	
  
	
  	
  
-­‐  Exploring	
  the	
  effects	
  of	
  chemotherapy/targeted	
  agents	
  on	
  

cogni4on	
  

-­‐  Compare	
  those	
  effects	
  to	
  radia4on	
  effects	
  on	
  cogni4on	
  

-­‐  Disentangle	
  these	
  effects	
  

 

 
 
	
  



Very	
  few	
  data	
  out	
  there….	
  

Preserva4on	
  of	
  Neurocogni4ve	
  Func4on	
  and	
  Local	
  Control	
  of	
  1	
  to	
  3	
  Brain	
  
Metastases	
  Treated	
  With	
  Surgery	
  and	
  Carmus4ne	
  Wafers	
  	
  
Brem	
  et	
  al.	
  Cancer,	
  2013	
  

•  Pts	
  received	
  resec4on	
  and	
  chemowafers	
  while	
  deferring	
  WBRT	
  
•  Results	
  indicated	
  that	
  cogni4ve	
  func4on	
  could	
  be	
  preserved	
  or	
  improved	
  

in	
  the	
  majority	
  of	
  the	
  pts	
  with	
  acceptable	
  rates	
  of	
  local	
  control,	
  similar	
  to	
  
surgery	
  and	
  WBRT	
  

 
 
	
  



Very	
  few	
  data	
  out	
  there….	
  

	
  
Phase	
  II	
  Trial	
  of	
  Erlo4nib	
  Plus	
  Concurrent	
  Whole-­‐Brain	
  Radia4on	
  Therapy	
  for	
  
Pa4ents	
  With	
  Brain	
  Metastases	
  From	
  Non–Small-­‐Cell	
  Lung	
  Cancer	
  
Welsh	
  et	
  al.	
  JCO,	
  2013	
  	
  
	
  
• No	
  increase	
  in	
  neurotoxicity	
  was	
  observed	
  when	
  compared	
  with	
  a	
  historical	
  
control	
  group	
  

 
 
	
  



	
  
	
  
Effects	
  of	
  chemotherapy	
  on	
  cogni4on	
  in	
  pa4ents	
  with	
  
non	
  Central	
  Nervous	
  System	
  cancer	
  	
  
	
  
	
  
	
  

Different setting:  
 
•  Less interference of other factors that can impact cognition (tumor 

progression, radiation) 

•  No expectation that chemotherapy may be associated with 
improvement of cognitive function 

•  Studied in breast cancer, testicular cancer, lymphoma, multiple 
myeloma, colorectal cancer, ovarian cancer and prostate cancer 	
  

	
  



Neuropsychological	
  studies	
  (n=80)	
  
	
  
Cogni4ve	
  problems	
  are	
  typically	
  mild	
  to	
  moderate	
  in	
  nature	
  
	
  
•  Subgroup	
  of	
  pa4ents	
  exhibit	
  cogni4ve	
  problems	
  following	
  chemotherapy	
  
	
  	
  	
  	
  	
  (varying	
  from	
  17%	
  to	
  70%)	
  
	
  
•  Core	
  impairments:	
  learning	
  and	
  memory,	
  execu4ve	
  func4on,	
  psychomotor	
  

speed	
  	
  

•  Arise	
  during	
  treatment	
  and	
  persist	
  well	
  into	
  survivorship	
  period	
  

	
  Pre-­‐treatment	
  cogni7ve	
  dysfunc7on	
  possible	
  
 

 





•  Breast	
  cancer	
  pts	
  treated	
  with	
  FAC-­‐Paclitaxel	
  (n=42)	
  
	
  
•  Acute	
  interval:	
   	
  65%	
  cogni4ve	
  decline	
  
•  long-­‐term	
  evalua4on: 	
  61%	
  cogni4ve	
  decline	
  	
  

•  Within	
  this	
  group	
  of	
  pts:	
  
	
  -­‐	
  71%	
  evidenced	
  con4nuous	
  decline	
  from	
  the	
  acute	
  interval	
  -­‐	
  29%	
  
evidenced	
  new	
  delayed	
  cogni4ve	
  decline	
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Risk	
  factors	
  for	
  neurotoxicity	
  
Treatment-­‐related:	
  
•  High	
  dose	
  exposure	
  
•  Mul4-­‐agent	
  therapy	
  with	
  addi4ve/synergis4c	
  effects	
  (ET?)	
  
	
  
Pa4ent-­‐related:	
  
•  None	
  consistently	
  iden4fied	
  

	
  (age,	
  cogni4ve	
  reserve,	
  educa4on,	
  depression,	
  anxiety,	
  fa4gue,	
  
treatment	
  induced	
  menopause,	
  gene4cs)	
  

	
  
But	
  given	
  the	
  small	
  sample	
  sizes,	
  explora4on	
  of	
  risk	
  factors	
  is	
  likely	
  
Underpowered	
  
	
  
	
  
	
  



Pre-­‐clinical	
  and	
  imaging	
  studies:	
  	
  
poten4al	
  mechanisms	
  of	
  neurotoxicity	
  

Direct	
  mechanisms:	
  
•  Cellular	
  toxicity	
  	
  
•  White	
  maner	
  dysfunc4on	
  

 
 

Indirect	
  mechanisms:	
  
•  Vascular	
  toxicity	
  	
  
•  Cytokine	
  release	
  	
  	
  
•  Oxida4ve	
  stress	
  
•  Inflamma4on	
  

 
 

Global	
  and	
  cons4tu4onal	
  factors	
  
•  Gene4c	
  factors	
  
•  Drug	
  resistance,	
  DNA	
  repair	
  
•  Metabolism	
  
•  Age,	
  cogni4ve	
  reserve	
  

 

Neurotoxicity +/- cognitive dysfunction 



stem cell 

progenitor 

lineage restricted progenitor cells 

Oligodendrocyte     Astrocyte       Neuron 

Many	
  common	
  chemotherapeu4c	
  agents	
  are	
  
associated	
  with	
  adverse	
  effect	
  on	
  neurobiology	
  
and	
  behavior	
  	
  
	
  
	
  

 

Pre-­‐clinical	
  studies	
  
	
   
 

Damage	
  of	
  mature	
  post-­‐mito4c	
  oligodendrocytes	
  
and	
  immature	
  progenitor	
  cell	
  popula4ons	
  
required	
  for	
  ongoing	
  neurogenesis,	
  gliogenesis,	
  
and	
  maintenance	
  of	
  white	
  maner	
  integrity	
  are	
  
e4ologic	
  factors	
  	
  
 
	
  
 
Dietrich	
  et	
  al.	
  
	
  J.	
  Biology,	
  2006,	
  2008;	
  Cancer	
  Research,	
  2010	
  



	
  	
  	
  	
  	
  Preclinical	
  studies:	
  mechanisms	
  of	
  neurotoxicity	
  
Mechanism Chemotherapy Reference 
Impaired	
  neurogenesis	
   Ara-­‐C,	
  BCNU,	
  Cispla7n,	
  Cytoxan,	
  

Doxorubicin,	
  5-­‐FU,	
  MTX,	
  Paclitaxel,	
  
Thiotepa	
  

Briones	
  &	
  Woods	
  2011,	
  2014	
  
Mignose	
  2006	
  
Seigers,	
  2008,	
  2009,2010	
  
Mustafa	
  2008	
  
Mondie	
  2010	
  
Janelsins	
  2010	
  
Lyons	
  2011	
  
Nokia	
  2012	
  
Chris7e	
  2012	
  
Yang	
  2011,	
  2012	
  
Elbaltagy	
  2012	
  	
  
Dubois	
  2014	
  
Yang	
  2014	
  
Periera	
  Dias	
  2014	
  

Impaired	
  gliogenesis	
  &	
  myelin	
  
toxicity	
  

Ara-­‐C,	
  BCNU,	
  Cispla7n,	
  5-­‐FU,	
  
cytoxan,	
  MTX	
  

Dietrich	
  2006	
  
Han	
  2008	
  
Hyrien	
  2010	
  
Briones	
  2014	
  

Oxida7ve	
  damage	
  
	
  

Adriamycin,	
  BCNU,Cytoxan,	
  
Doxorubicin	
  

Manda	
  2003	
  
Joshi	
  2005,	
  2007,2010	
  
Aluise	
  2011	
  
Oboh	
  2010,	
  2011	
  

Inflamma7on	
   BCNU,	
  Cytoxan,	
  Doxorubicin,	
  5-­‐FU,	
  
MTX	
  

Tangpong	
  2006,	
  2007,	
  2011	
  
Helal	
  2009	
  
Seigers	
  2010	
  
Chris7e	
  2012	
  
Briones	
  2014	
  

Epigene7c	
  dysregula7on	
   Cytoxan,	
  5-­‐FU,	
  MTX	
   Briones	
  2011	
  

Neurotransmiaer	
  altera7ons	
   MTX	
   Madhyastha	
  2002	
  

Vascular	
  damage	
  /	
  blood	
  supply	
   MTX	
   Seigers	
  2010	
  

As	
  reviewed	
  by	
  Dietrich	
  



	
  	
  	
  	
  	
  Preclinical	
  studies:	
  cogni4ve	
  dysfunc4on	
  

Category of Agents Agents 

An7-­‐metabolites	
   Ara-­‐C,	
  5-­‐FU,	
  MTX	
  

DNA	
  cross	
  linking	
  agents	
   Pla7num,	
  Nitrosureas,	
  Cytoxan,	
  TMZ,	
  Thiotepa	
  

Mito7c	
  and	
  microtubule	
  inhibitors	
  
	
  

Vincris7n,	
  Paclitaxel,	
  Docetaxel	
  

Topoisomerase	
  inhibitor	
   Doxorubicin,	
  topotecan	
  

Targeted	
  agents	
   An7-­‐VEGF	
  

Hormonal	
  agents	
   Steriods,	
  tamoxifen,	
  AIs	
  

As	
  reviewed	
  by	
  Seigers	
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White	
  maner	
  integrity:	
  very	
  late	
  effects	
  

•  20	
  years	
  post	
  CMF	
  chemotherapy	
  	
  
•  Lower	
  white	
  maner	
  integrity	
  over	
  4me	
  in	
  chemotherapy-­‐exposed	
  

survivors	
  

Koppelmans	
  et	
  al.,	
  Human	
  Brain	
  Mapping,	
  2013	
  

-­‐.008	
  (β)	
  

0	
  
FA	
  decreases	
  over	
  4me	
  



Brain	
  connec4vity	
  

•  Altered	
  brain	
  structure	
  reduces	
  the	
  brain	
  network’s	
  ability	
  to	
  
stabilize	
  and	
  support	
  the	
  dynamic	
  func4onal	
  networks	
  that	
  
underlie	
  various	
  cogni4ve	
  processes	
  

•  	
  Mul4ple	
  fMRI	
  studies	
  have	
  shown	
  altered	
  func4onal	
  brain	
  
ac4va4on	
  and	
  connec4vity	
  associated	
  with	
  non-­‐CNS	
  cancer	
  
and	
  its	
  treatments	
  	
  



	
  
The	
  ra4onale	
  of	
  assessing	
  cogni4ve	
  func4on	
  in	
  
brain	
  met	
  chemotherapy/targeted	
  agent	
  trials 
 
•  To	
  provide	
  suppor4ng	
  evidence	
  for	
  the	
  clinical	
  benefit	
  of	
  the	
  

treatment	
  approach	
  
•  To	
  assess	
  the	
  risk	
  of	
  neurotoxicity	
  of	
  the	
  treatment	
  
	
  
Treatment	
  of	
  brain	
  metastases	
  must	
  balance	
  local	
  and	
  distant	
  
control	
  in	
  the	
  CNS	
  with	
  neurotoxicity	
  
	
  
Cogni4ve	
  assessments	
  may	
  be	
  helpful	
  in	
  this	
  process,	
  when	
  
conducted	
  properly	
  

	
  
	
  
	
  





Chemotherapy	
  in	
  adult	
  CNS	
  cancers	
  
Improvement	
  due	
  to	
  disease	
  control	
  vs	
  neurotoxicity	
  of	
  CT	
  
	
  
•  Temozolomide	
  (SD	
  or	
  DD)	
  in	
  new	
  GBM,	
  30%	
  cogni4ve	
  decline	
  

	
  (Hilverda	
  2010,	
  Wefel	
  2011)	
  

•  PCV	
  in	
  anaplas4c	
  glioma	
  and	
  	
  GBM,	
  35-­‐50%	
  cogni4ve	
  decline	
  
	
  (Levin	
  2002,	
  Gorves,	
  1999:	
  did	
  not	
  dis4nguish	
  between	
  chemoradia4on	
  
and	
  adj	
  CT)	
  

•  PCNSL	
  pts	
  improvement	
  in	
  cogni4ve	
  func4oning	
  aIer	
  	
  rituximab,	
  mtx,	
  	
  
	
  procarbazine	
  and	
  vincris4ne	
  followed	
  by	
  reduced-­‐dose	
  brain	
  radia4on	
  
and	
  high-­‐dose	
  cytarabine	
  (Correa	
  2007,	
  2009)	
  

	
  
•  GBM	
  pts	
  treated	
  with	
  standard	
  chemoradia4on,	
  maintenance	
  

temozolomide	
  and	
  bevacizumab	
  showed	
  higher	
  level	
  of	
  cogni4ve	
  decline	
  
than	
  those	
  receiving	
  a	
  placebo	
  (RTOG	
  0825	
  Wefel	
  2013)	
  

	
  

	
  

	
  

	
  




