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Summary
Introduction:  Hypothalamic-pituitary-adrenal  (HPA)  deregulation  is  commonly  observed  in  cancer
patients, but  its  clinical  significance  is  not  well  understood.  We  prospectively  examined  the
association  between  HPA  activity,  tumor-associated  inflammation,  and  survival  in  ovarian  cancer
patients prior  to  treatment.
Materials  and  methods:  Participants  were  113  women  with  ovarian  cancer  who  provided  salivary
cortisol for  three  days  prior  to  treatment  for  calculation  of  cortisol  slope,  variability,  and  night
cortisol. Cox  proportional  hazard  regression  analyses  were  used  to  examine  associations  between
cortisol  and  survival  in  models  adjusting  for  disease  stage,  tumor  grade,  cytoreduction  and  age.
On a  subsample  of  41  patients  with  advanced  disease  ascites  fluid  was  assayed  for  levels  of
interleukin-6  (IL-6)  and  correlated  with  cortisol  variables.
Results:  Each  cortisol  measure  was  associated  with  decreased  survival  time,  adjusting  for  covari-
ates (all  p  <  .041).  A  one  standard  deviation  increase  in  night  cortisol  was  associated  with  a  46%
greater likelihood  of  death.  Patients  in  the  high  night  cortisol  group  survived  an  estimated  aver-
age of  3.3  years  compared  to  7.3  years  for  those  in  the  low  night  cortisol  group.  Elevated  ascites
IL-6 was  associated  with  each  cortisol  measure  (all  r  >  36,  all  p  <  .017).
Discussion:  Abnormal  cortisol  rhythms  assessed  prior  to  treatment  are  associated  with  decreased
survival in  ovarian  cancer  and  increased  inflammation  in  the  vicinity  of  the  tumor.  HPA
abnormalities  may  reflect  poor  endogenous  control  of  inflammation,  dysregulation  caused  by
tumor-associated  inflammation,  broad  circadian  disruption,  or  some  combination  of  these  fac-
tors. Nocturnal  cortisol  may  have  utility  as  a  non-invasive  measure  of  HPA  function  and/or  disease
severity.
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1. Introduction

Ovarian  cancer  is  the  second  most  commonly  diagnosed
gynecologic  malignancy  and  the  most  deadly,  with  five
year  survival  rates  of  44%  for  all  patients,  and  27%  for
patients  with  metastatic  disease  (American  Cancer  Society,
2014).  Recent  research  has  demonstrated  effects  of  neu-
roendocrine  signaling  on  a  variety  of  pathways  implicated
in  ovarian  tumor  growth  including  angiogenesis,  invasion,
anoikis,  and  promotion  of  inflammation  in  the  tumor
microenvironment  (Cole  and  Sood,  2012).  To  date,  mech-
anisms  that  have  been  characterized  predominantly  involve
beta-adrenergic  signaling.  Neuroendocrine  signals  from  the
hypothalamic-pituitary-adrenal  (HPA)  axis  regulate  endoge-
nous  inflammation  and  metabolic  activity,  via  the  release  of
glucocorticoids  (Tsigos  and  Chrousos,  2002).  Although  glu-
cocorticoids  are  known  to  play  a  regulatory  role  in  other
cancers,  little  is  known  about  the  role  of  the  HPA  axis  in  the
context  of  ovarian  cancer.

Cortisol,  a  glucocorticoid,  is  released  into  circulation
by  the  adrenal  cortex  following  upstream  signaling  from
the  pituitary  and  hypothalamus  (Rhen  and  Cidlowski,  2005).
Cortisol  follows  a  diurnal  cycle;  levels  typically  peak  in

the  morning  and  reach  a  nadir  during  the  second  half  of
the  night,  though  significant  inter-individual  differences  are
common  even  in  apparently  healthy  people  (Chrousos,  1995;
Stone  et  al.,  2001;  Clow  et  al.,  2010).  Excess  circulating
cortisol  provides  negative  feedback  to  the  hippocampus  and
hypothalamus,  however,  under  conditions  of  chronic  inflam-
mation  the  feedback  system  can  become  unresponsive,
resulting  in  abnormal  diurnal  cortisol  rhythms  (Silverman
and  Sternberg,  2012).

Glucocorticoids  have  a  variety  of  effects  in  cancer;  they
have  been  shown  to  inhibit  apoptosis  in  breast,  cervical  and
ovarian  cancer  cell  lines  and  in  animal  models  of  breast
cancer  (Volden  and  Conzen,  2013).  Incubation  of  ovarian
cancer  cells  with  cortisol  has  been  shown  to  reduce  expres-
sion  of  tumor-suppressor  genes  SLIT2  and  ROBO1  (Dickinson
et  al.,  2011),  as  well  as  to  suppress  the  cytotoxic  effects
of  paclitaxel,  a  drug  commonly  used  in  ovarian  cancer
chemotherapy  (Flint  et  al.,  2009).  Moreover,  flattened  diur-
nal  cortisol  rhythms  have  been  linked  to  decreased  survival
in  breast,  lung,  and  renal  cell  carcinoma  patients,  adjusting
for  clinical  and  demographic  characteristics  (Sephton  et  al.,
2000,  2013;  Cohen  et  al.,  2012).  For  example,  in  a  recent
study  of  renal  cell  carcinoma  patients,  flatter  cortisol  slope
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