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Abstract  

Purpose:  To inves t iga te  the  prognost i c  s ign i f icance o f  to ta l  ce l l - f ree  DNA 

(c fDNA)  leve l  and androgen receptor  ampl i f i ca t ion  (AR -amp)  in  pa t ien t s  w i t h  

cas t ra t ion- res is tan t  p ros ta te  cancer  (CRPC) .  

Methods:  W e re t rospec t i ve ly  compared the  t o ta l  c fDNA leve l  and  AR - amp in  42  

ind iv idua ls  w i t hout  p ros ta te  cancer,  57  pat ien ts  w i t h  loca l i zed pros ta te  cancer  

w i thout  androgen-depr i va t ion  t herapy  (ADT) ,  97  pat ien t s  w i th  cas t ra t ion-sens i t i ve  

pros ta te  cancer  (CSPC)  wi t h  ADT,  and  97 pat ien ts  w i th  CRPC.  The  assoc ia t ion  o f  

these c fDNA b iomarkers  on d isease s ta tus  and overa l l  surv i va l  was  eva lua ted  

us ing  Kap lan–Me ier  ana lys is  and mu l t i var iab le  Cox reg ress ion  ana lys is .  F ina l l y,  a  

s imp le  r isk  mode l  was deve loped inc lud ing  to ta l  c fDNA and AR -amp to  pred ic t  poor  

prognos is   

Resul ts:  The med ian t o ta l  c fDNA leve l  and AR - amp in  pa t ien ts  w i t h  CRPC was 

387 pg /µL and 1 .07  cop ies ,  r espec t i ve ly.  The to ta l  c fDNA leve ls  and AR -amp 

were  s ign i f icant l y  h igher  in  t he  pat ien t s  w i t h  CRPC than in  ind iv idua ls  w i t hout  

p ros ta te  cancer,  pa t ien ts  w i t h  loca l i zed pros ta te  cancer  w i thout  ADT,  and 

pat ien ts  w i t h  CSPC wi th  ADT.  Tota l  c fDNA-h igh (>600 pg /µL)  and AR -amp-h ig h 

(>1.26 cop ies)  were  s ign i f icant l y  assoc ia ted wi th  poor  overa l l  surv i va l .  

Mu l t i var iab le  Cox reg ress ion  ana lys is  showed c fDNA-h igh  and AR - amp-h igh  were  
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s ign i f i cant l y  assoc ia ted wi t h  poor  overa l l  surv i va l  i n  pa t ien ts  w i th  CRPC.  W e 

deve loped a  r isk  mode l  us ing  c fDNA-h igh (score  1)  and AR -amp-h igh  ( score  1) .  

The r isk  score  1-2  was s ign i f icant l y  assoc ia ted wi th  worse  ove ra l l  surv i va l  t han 

score  0 .  

Conclusion:  To ta l  c fDNA leve l  and AR -amp are  potent ia l  b iomarkers  f o r  poor  

prognos is  in  pa t ien ts  w i t h  CRPC.  
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Introduction 

Pros ta te  cancer  (PC)  is  t he  major  cancer  in  men in  W estern  count r ies  and 

Japan [1 -3 ] .  As  the  prog ress  t o  metas ta t i c  cas t ra t ion- res is tan t  PC (CRPC)  

rema ins  a  major  cause o f  deaths  [4 ] ,  t here  is  an  urgent  need f o r  p rac t ica l  tumor  

b iomarkers  to  g u ide  t rea tment  [5 -8 ] .  Androgen receptor  (AR)  gene copy  number  

var ia t ions  (CNV)  f rom p lasma ce l l - f ree  DNA (c fDNA)  and c i rcu la t ing  tumor  DNA 

(c tDNA)  are  p rom is ing  t oo ls  f o r  ident i f y ing  tumor -spec i f i c  muta t ions  in  pa t ien ts  

w i th  CRPC [9-15] .  However,  p lasma AR s ta tus  a lone is  inadequate  as  a  robus t  

CRPC b iomarker  because not  a l l  CRPCs exh ib i t  AR  amp l i f i ca t ion  (AR-amp)  

[16 ,17] .  A lso ,  c tDNA ana lys is  has  severa l  l im i ta t ions  in  c l in i ca l  p rac t ice  inc lud ing  

def in i t i on ,  de tec t ion ,  genome coverages,  and cos ts .  Converse ly,  t o ta l  c fDNA is  a  

s imp le   p red ic to r  o f  sys tem ic  in f lammatory  and ce l l  death .  A l t hough to ta l  c fDNA 

leve l  i s  no t  the  spec i f i c  b iomarker  f o r  CRPC,  recent  s tud ies  suggested the  

potent ia l  assoc ia t ion  o f  to ta l  c fDNA wi t h  tumor  aggress iveness  [10 ,18,19] .  

Accord ing ly,  we hypothes ized tha t  t he  comb inat ion  o f  to ta l  c fDNA leve l  and  AR-

amp have a  potent ia l  t o  p red ic t  poor  p rognos is  in  pa t ien t s  w i th  CRPC.  I n  th i s  

s tudy,  we re t rospec t i ve ly  compared t o ta l  c fDNA leve l  and AR -amp and 

inves t iga ted the  p rognost i c  s ign i f icance o f  to ta l  c fDNA and AR -amp in  pa t ien ts  

w i th  CRPC.  
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Materials and methods  

Th is  re t rospec t i ve  s tudy  was per formed under  t he  e th ica l  s t andards  o f  the  

Dec lara t ion  o f  He ls ink i  and was approved by t he  Eth ics  Rev iew Board  o f  the  

H i rosak i  Un ivers i t y  Schoo l  o f  Med ic ine  (au thor i za t ion  number :  2019–094) .  

Study populat ion and pat ient  se lect ion  

We eva luated 42 hea l t hy ind iv idua ls  and 251 pat ien t s  w i t h  PC who were  

t rea ted a t  H i rosak i  Un ivers i t y  Hosp i t a l  and re la ted  hosp i ta ls  be tween January  

2001 and February 2020.  Of  the  251 pat ien ts  w i th  PC,  57  had loca l i zed PC 

wi thout  androgen-depr i va t ion  t herapy  (ADT) ,  97  had cas t ra t ion-sens i t i ve  PC 

under  ADT (CSPC-ADT g roup) ,  and 97  had CRPC (CRPC g roup) .  The CRPC 

g roup was f u r ther  c lass i f i ed  in to  two subgroups:  nonmetas ta t ic  CRPC (M0CRPC,  

n  =  19) ,  and metas ta t i c  CRPC (M1CRPC,  n  =  78 ) .  The inc lus ion  c r i t e r ia  f o r  PC 

pat ien ts  were :  1 )  h i s to log ica l l y  p roven or  c l in i ca l l y  d iagnosed PC,  and 2)  

pa t ien ts  who were  t rea ted wi th  surg ery,  rad io therapy,  ADT ±  b ica lu tam ide,  o r  

l i f e -extend ing  t herapy (ADT +  second-genera t ion  AR ax is - ta rgeted therapy  

and/or  t axane-based chemotherapy)  as  a  s tandard  o f  care .  The exc lus ion  c r i t e r ia  

f o r  PC pat ien t s  were :  1 )  pa t ien t s  w i t h  no  c fDNA samp les  and 2)  t hose wi th  

insuf f ic ien t  base l ine  c l in i ca l  in fo rmat ion .  

Var iable  evaluat ions  
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 The f o l l owing  var iab les  were  ana lyzed  a t  d iagnos is :  age,  yea r  o f  

d iagnos is ,  G leason  score ,  serum pros ta te-spec i f ic  an t igen  (PSA)  a t  d iagnos is  

and c fDNA eva luat ion ,  serum tes tos terone leve l  a t  c fDNA eva luat ion ,  and 

prognos is .  The t umor  s tage and g rade were  ass igned based on the  2009 TNM 

c lass i f ica t ion  o f  the  Un ion o f  In ternat iona l  Cancer  Cont ro l .  Metas ta t ic  s ta tus  was 

eva luated v ia  ches t  and body  computed tomography and bone sc in t ig raphy  

before  in i t ia t ing  ADT.  Bone metas ta t ic  vo lume was  eva luated by t he  extent  o f  

d i sease on bone sc in t ig raphy.  I n  pa t ien ts  w i th  metas ta t ic  d i sease,  the  h igh -

vo lume d isease was def ined us ing  the  CHAARTED cr i t e r ia :  The presence o f  

v i scera l  metas tases ,  o r  ≥4  bone les ions  wi th  ≥1  beyond the  ver tebra l  body  and 

pe lv i s .  The overa l l  surv i va l  was eva lua ted f rom the date  o f  c fDNA eva luat ion  to  

the  date  o f  any  cause o f  death  or  f i na l  f o l l ow up.  

Treatment  protoco l  

 Pat ien t s  w i t h  loca l i zed PC were  in i t i a l l y  t r ea ted wi t h  surgery (w i th  or  

w i thout  6 -9  months  neoad juvant  therapy) ,  rad io therapy  wi t h  concomi tan t  ADT (6-

18 months) ,  o r  ADT a lone.  Pat ien t s  w i t h  metas ta t i c  PC we re  in i t ia l l y  t rea ted wi th  

ADT (wi t h  or  w i thou t  b i ca lu tam ide) .  CRPC was def ined accord ing  to  the  

recommendat ions  o f  the  Cancer  C l in ica l  Tr ia l s  W ork ing  Group 2  [ 20 ] .  Fo l lowing  

the  CRPC d iagnos is ,  pa t ien t s  underwent  seq uent ia l  t herapy based on the  
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dec is ion  o f  the  a t tend ing  phys ic ians ,  i nc lud ing  ADT +  AR ax is - t a rgeted t herapy 

and/or  t axane-based chemotherapy.  I nd ica t ion  o f  l i f e -extend ing  therapy  f o r  

CRPC in  Japan was  repor ted  in  t he  prev ious  s tudy  [21 ] .   

Plasma cfDNA extract ion and c fDNA character ist i cs  

P lasma samp les  were  iso la ted  us ing  a  BD vacuta iner  CPT ce l l  p repara t ion  

tube wi t h  sod ium c i t ra te .  I so la ted  p lasma was t hen sub jec t  to  c fDNA ext rac t ion :  

c fDNA was ext rac ted f rom the sample  (1  mL)  us ing  AB Ma gMAX Ce l l -Free DNA 

Iso la t ion  K i t  (App l ied  B iosys tems,  Fos ter  C i t y,  CA,  USA) .  The leng th  and  

concent ra t ion  o f  c fDNA were  ana lyzed  us ing  an Ag i len t  H igh Sens i t i v i t y  DNA K i t  

and Ag i len t  B ioana lyzer  2100 (Ag i len t  Techno log ies  Japan ,  L td  Tok yo,  Japan) .  

CNV of  the AR  gene in  cfDNA 

Al l  reagents  and equ ipment  used f o r  d rop le t  d ig i t a l  PCR (ddPCR)  were  

f rom Bio-Rad Labora tor ies  (Hercu les ,  CA,  USA) .  The copy number  va r ia t ion  

va lue  o f  the  AR for  each c fDNA samp le  was norma l i zed to  the  re ference gene  

(aquapor in -5 ,  AQP5) .  The PCR probes f o r  copy number  va r ia t ion  o f  human 

androgen receptor  (AR CNV,  cop ies)  ( LBx® Probe AR CNV,  A109) ,  and human 

aquapor in -5  (AQP5)  (LBx® Probe AQP5 CNV,  A124,  as  a  cont ro l )  were  

purchased f rom RIKEN GENESIS CO LTD (Tokyo Japan) .   
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Outcomes of  tota l  c fDNA levels  and AR -amp  

We compared  the  t o ta l  c fDNA and AR - amp (AR CNV,  cop ies)  l eve ls  among  

the  hea l t hy ind iv idua ls ,  l oca l i zed PC,  wi t hout  ADT,  CSPC-ADT,  and CRPC.  W e 

inves t iga ted the  assoc ia t ion  among  the  c fDNA and AR - amp and c l i n ica l  var iab les  

in  CRPC pat ien t s .  Overa l l  su rv i va l  (OS)  was compared  between the  to ta l  c fDNA-

h ig h and - low pa t ien ts ,  be tween the  AR -amp-h igh  and - low pat ien ts .   

Risk model  development  using cfDNA parameters  

The e f f ec t  o f  to ta l  c fDNA leve l  and AR - amp on prognos is  in  pa t ien ts  w i th  

CRPC was eva luated us ing  mu l t i var iab le  Cox reg ress ion  ana lys is  inc lud ing  age 

and CHAARTED h ig h-vo lume d isease.  We then deve loped a  r isk  mode l  to  pred ic t  

poor  prognos is  us ing  to ta l  c fDNA and AR -amp.  

Stat ist i ca l  analys is  

Stat i s t i ca l  ana lyses  were  per fo rmed us ing  GraphPad Pr ism 7 .00 

(GraphPad Sof tware ,  San D iego,  CA,  USA) ,  Be l lCurve f o r  Exce l  (Soc ia l  Survey 

Research In format ion  Co. ,  L td . ,  Tokyo ,  Japan) ,  and R 3 .3 .2  (The R Foundat ion  

f o r  Sta t is t i ca l  Comput ing ,  V ienna,  Aus t r ia ) .  The s ta t i s t i ca l  d i f f e rence was 

compared us ing  the  Student  t - t es t ,  Mann–W hi tney  U tes t ,  F isher  exac t  tes t ,  o r  

Ch i - squared t es t .  To  es t imate  t he  h igh  va lue  o f  to ta l  c fDNA and AR -amp in  t he  

CRPC pat ien ts ,  we  eva luated the  opt ima l  cu to f f  va lues  o f  to ta l  c fDNA and AR -
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amp for  any cause o f  death  us ing  a  rece iver  opera t ing  charac ter is t i c  (ROC)  

curve  and the  area under  t he  curve  (AUC) .  A l i near  re la t ionsh ip  between the  two  

var iab les  was eva luated by  scat te rp lo t  and l i near  reg ress ion  ana lys is  w i t h  

cor re la t ion  coef f ic ien t  (R) .  Abso lu te  R  va lues  o f  0 .00 -0 .24,  0 .25-0 .49,  0 .50-0 .74,  

and 0 .75-1 .00 were  def ined as  none to  a  ve ry weak ,  weak ,  modera te ,  and s t rong  

l inear  re la t ionsh ip .  OS was es t imated and compared us ing  the  Kap lan–Me ier  

curve  and the  log - rank  tes t ,  respec t i ve ly .  Mu l t i var iab le  Cox reg ress ion  ana lyses  

were  per fo rmed and the  hazard  ra t io  w i th  95% conf idence in ter va l  was  

ca lcu la ted.  P-va lues  <  0 .05 were  cons idered s ta t is t i ca l l y  s ign i f icant .  

Results 

The med ian age o f  hea l thy ind iv idua ls  and pat ien ts  w i th  PC was 51 

( in terquar t i le  r ange :  IQR,  39-51)  and 74 (69-80)  years ,  respec t i ve ly.  The median 

months  f rom CRPC d iagnos is  t o  c fDNA eva luat ion  in  the  CRPC g roup was 12  

( IQR,  4-12)  months .  There  were  1  and 33 pat ien t s  w i t h  any cause o f  death  in  the  

CSPC-ADT and CRPC g roups  (Table  1 ) ,  respec t i ve ly.  W e found 7  pat ien ts  

(7 /251,  2 .8%)  who cou ld  not  eva luate  to ta l  c fDNA but  can  detec t  AR -amp 

( loca l i zed PC n  =  3  and CSPC-ADT n  =  4) .  W e exc luded those pat ien ts  f rom the 

AR -amp ana lys is  bu t  i nc luded in  the  t o ta l  c fDNA ana lys is .  F ina l l y,  t he  number  o f  

pa t ien ts  in  the  t o ta l  c fDNA ana lys is  was 54 in  the  loca l i zed PC,  93  in  the  CSPC-
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ADT,  and 97 in  t he  CRPC g roups.  The med ian t o ta l  c fDNA (Fig.  1 A)  and AR - amp 

(Fig.  1B )  leve ls  we re  s ign i f icant l y  h igher  in  t he  CRPC g roup t han in  t he  o ther  

g roups.  W e compared t he  t o ta l  c fDNA leve l  and AR -amp between the  hea l thy  

ind iv idua ls  and pat ien ts  w i t h  loca l i zed PC wi t hout  ADT and conf i rmed tha t  t here  

was no s ign i f icant  d i f f e rence be tween the  two g roups (Fig .  1 A and 1B ) .  

O f  97  pat ien ts  w i t h  CRPC,  t he  t o ta l  c fDNA leve l  was s ign i f i cant l y  

assoc ia ted wi t h  AR -amp leve l  (P <  0 .001) ,  wh i le  i t  showe d a  weak  re la t ionsh ip  

between them (R =  0 .48)  (Fig.  1C ) .  The se rum tes tos terone leve l  was not  

s ign i f i cant l y  assoc ia ted wi t h  AR - amp leve l  (P =  0 .184) ,  and demonst ra ted none 

to  a  very  weak  re la t ionsh ip  (R =  0 .02)  (Fig.  1C ) .  The to ta l  c fDNA leve l  was 

s ign i f i cant l y  assoc ia ted wi t h  PSA leve l  a t  the  c fDNA eva luat ion  (P <  0 .001) ,  

wh i le  a  weak  re la t ionsh ip  was observed between them (R =  0 .41)  (Fig.  1D ) .  The 

AR -amp leve l  was not  s ign i f icant l y  assoc ia ted wi t h  PSA leve l  a t  t he  c fDNA 

eva luat ion  (P =  0 .294) ,  and demonst ra ted none to  a  very  weak  re la t ionsh ip  (R =  

0 .04)  (Fig.  1D ) .  

The to ta l  c fDNA leve l  was not  s ign i f icant l y  h igher  in  t he  M1CRPC 

(med ian,  396 pg /µL )  g roup compared t o  the  M0CRPC (median,  275 pg /µL)  g roup 

(P =  0 .065)  (Fig.  1E ) .  The AR - amp leve l  was not  s ign i f icant l y  d i f f e rent  be twe en 

the  M0CRPC (median 1 .03 cop ies)  and M1CRPC (med ian  1 .08 cop ies)  g roups  (P 
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= 0 .511)  (Fig.  1E ) .  The number  o f  t rea tment  l ines  a f te r  CRPC d iagnos is  was  not  

s ign i f i cant l y  assoc ia ted wi t h  the  t o ta l  c fDNA leve l  and AR -amp (Fig.  1F ) .  A lso ,  

the  t o ta l  c fDNA and  AR -amp were  no t  s ign i f icant l y  d i f f e ren t  be tween the  pre-

docetaxe l  and pos t  docetaxe l  s ta tus  (Fig.  S1 A) .  The med ian t ime f rom CRPC 

d iagnos is  t o  c fDNA eva luat ion  was 12 months .  There  was no s ign i f i cant  

d i f f e rence in  the  t o ta l  c fDNA (P =  0 .201)  and AR-amp (P =  0 .896)  leve ls  be tween 

the  <12 and ≥12 months  (Fig.  S1B ) .  The opt ima l  cu to f f  va lue  o f  to ta l  c fDNA and 

AR -amp for  any  cause o f  death  was def ined as  >  600 pg /mL wi th  an  AUC va lue 

o f  0 .713 (Fig.  S1C ) ,  and >1.26 cop ies  wi th  an  AUC va lue o f  0 .616 (Fig.  S1D ) .  

OS was s ign i f icant l y  shor te r  i n  t o ta l  c fDNA-h igh pat ien ts  (>600 pg /µL)  than in  

to ta l  c fDNA- low pat ien ts  (≤600 pg /µL)  (P <  0 .001)  (Fig.  1G ) .  S im i la r l y,  OS was 

s ign i f i cant l y  sho r te r  i n  AR - amp-h igh pat ien ts  (>1.26 cop ies)  t han in  AR -amp- low 

pat ien ts  (≤1 .26 cop ies)  (P <  0 .001)  (Fig.  1H ) .  

Age-ad jus ted mu l t i var iab le  Cox reg ress ion  ana lys is  showed tha t  t o ta l  

c fDNA-h igh and AR -amp-h igh  were  s ign i f i cant l y  assoc ia ted wi t h  poor  OS (Fig .  

2 A) .  W e deve loped a  r isk  mode l  inc lud ing  to ta l  c fDNA-h igh  (1  po in t )  and AR -

amp-h ig h  (1  po in t )  (Fig.  2B ) .  The r isk  score  o f  1 -2  was s ign i f icant l y  assoc ia ted 

wi th  poor  p rognos is  than tha t  o f  0  in  CRPC pat ien t s  (P <  0 .001)  (Fig.  2C ) .   
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Discussion 

We eva luated t he  u t i l i t y  o f  the  to ta l  c fDNA and AR - amp as  a  b iomarker  in  

pa t ien ts  w i t h  CRPC.  W e found tha t  t o ta l  c fDNA and AR - amp were  s ign i f icant l y  

h ig her  in  the  CRPC g roup.  Fur the rmore,  the  comb inat ion  o f  to ta l  c fDNA-h igh  and 

AR -amp-h igh were  s ign i f i cant l y  assoc ia ted wi t h  poor  OS.  

The d isadvantage o f  to ta l  c fDNA is  the  presence  o f  nonspec i f i c  b io log ica l  

no ise ,  such as  tha t  resu l t i ng  f rom t issue damage or  in f lammat ion .  C i r cu la t ing -

tumor  DNA ana lys is  is  necessary t o  de tec t  tumor  spec i f ic  aggress iveness .  

However,  c tDNA ana lys is  has  severa l  l im i ta t ions  in  c l i n ica l  p rac t i ce .  Accord ing ly,  

we f ocused on t he  c l i n ica l  imp l ica t ion  o f  to ta l  c fDNA leve l  in  pa t ien ts  w i th  CRPC.  

A recent  s tudy  showed a  synchron ize  t rend o f  c tDNA and to ta l  c fDNA leve ls  in  

pa t ien ts  w i t h  CRPC [10] .  W e demonst ra te  t ha t  t o ta l  c fDNA can be used as  a  

prognost ic  b iomarker  f o r  CRPC wi th  t he  opt ima l  cu to f f  o f  to ta l  c fDNA (>600  

pg /µL)  and AR - amp (>1.26 cop ies) .  Our  resu l t s  showed a  to ta l  c fDNA leve l  o f  

>600 pg /µL m ight  be  f eas ib le  to  ind ica te  any abnorma l  reac t ion  wi th in  the  body 

such as  d isease prog ress ion  based on  the  max imum va lue o f  to ta l  c fDNA in  the  

hea l thy ind iv idua ls  [22-24] .  However,  no t  enough ev idence  is  ava i lab le  f o r  the  

u t i l i t y  o f  to ta l  c fDNA and  AR - amp in  the  pat ien ts  w i th  CRPC.  There fore ,  f u r t her  
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s tud ies  are  necessary t o  conf i rm the  u t i l i t y  o f  the  to ta l  c fDNA leve l  on  prognos is  

in  pa t ien ts  w i th  CRPC.  

Our  resu l t s  showed  s ign i f i cant l y  poor  OS in  pa t ien ts  w i t h  the  AR -amp-h igh  

than those wi t h  AR - amp- low.  The cu to f f  o f  >1 .26 cop ies  f o r  AR -amp was s im i la r  

to  tha t  repor ted  by prev ious  s tud ies  (AR -amp >1.38 [25 ] ,  >  1 .54 [14 ]  o r  >  2 .01 

cop ies  [ 26 ] ) .  Because AR - amp was t he  most  f requent  gene modi f i ca t ion  in  

pa t ien ts  w i t h  CRPC [27] ,  i t  may be a  ha l lmark  o f  gene a l t e rnat ion  in  CRPC ce l l s .  

However,  AR - amp s ta tus  a lone i s  unab le  to  capture  non-AR  re la ted  d isease 

prog ress ion ,  such as  neuroendocr ine  d i f f e rent ia t ion  [ 16 ] .  There fore ,  we  need  to  

use q uant i ta t i ve  and qua l i t a t i ve  eva lua t ion  o f  c tDNA in  pa t ien ts  w i t h  

neuroendocr ine  d i f f e rent ia t ion  t o  op t im ize  t rea tment  se lec t ion  [ 7 ,28 ,29] .  

The number  o f  t rea tment  l ines  or  p re-  o r  pos t -docetaxe l  se t t i ng  was not  

s ign i f i cant l y  assoc ia ted wi t h  to ta l  c fDNA leve l  and AR -amp.  In i t ia l l y,  we  

hypothes ized tha t  c fDNA a l te ra t ions  wou ld  be h igh  a t  the  la te  l ine  o f  t rea tment .  

However,  we f ound no c lea r  re la t ionsh ip  between the  t ime f rom CRPC d iag nos is  

and c fDNA a l te ra t ions  (Fig.  S1B ) .  However,  l ong i tud ina l  s tud ies  a re  necessary  

to  c la r i f y  the  mechan isms fo r  the  acqu i red  res is tance t o  CRPC t rea tments .  

Tumor -spec i f ic  b iomarkers  such as  DNA f rom exosomes and/or  

c i r cu la t ing - tumor  ce l l s  a re  des i rab le  t o  deve lop an accu ra te  r isk  mode l .  AR 
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sp l ice  var ian ts  7  is  one o f  the  most  p romis ing  b iomarkers  in  mCRPC [30 ] .  

However,  there  s t i l l  be  cha l lenges in  t he  equ ipment ,  runn ing  cos t s ,  genome 

coverage ,  and t he  mixture  o f  genomic  and somat ic  muta t ions  in  c l i n ica l  p rac t ice .  

There fore ,  we  f ocused on the  s imp le  comb inat ion  o f  to ta l  c fDNA and AR -amp in  

th i s  s tudy.  However,  we ag ree wi t h  the  l im i ta t ion  o f  our  method us ing  nonspec i f i c  

b iomarkers .  Our  next  s tudy needs to  address  t hese l im i t a t ions .  

The l im i t a t ions  o f  th i s  s tudy  inc lude t he  re t rospec t i ve  s tudy des ign,  sma l l  

samp le  s i ze ,  se lec t ion  b ias ,  and unmeasurab le  confound ing  f ac tors .  Moreover,  

we cou ld  not  de f ine  the  pred ic t i ve  va lue  o f  c fDNA due t o  t he  c ross-sec t iona l  

samp l ing  and m ixed  t rea tments  in  our  cohor ts .  Desp i t e  these l im i ta t ions ,  our  

resu l t s  demonst ra ted t he  combinat ion  o f  s imp le  b iomarkers  i s  usefu l  f o r  

p red ic t ing  t he  prog nos is  o f  pa t ien t s  w i th  CRPC.  Fur ther  s tud ies  a re  war ranted to  

c la r i f y  whether  i t  can be u t i l i zed as  a  s imp le  c fDNA b iomarker  in  CRPC.  

Conclusion 

Tota l  c fDNA leve l  and AR -amp are  potent ia l  b iomarkers  f o r  poor  prog nos is  

in  pa t ien ts  w i th  CRPC.  
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Figure l egends:  

Figure 1  Cl in ical  impl icat ion o f  tota l  c fDNA level  and AR -amp status  

We found 7  pat ien t s  (7 /251,  2 .8%)  who cou ld  not  eva luate  to ta l  c fDNA but  

can detec t  AR-amp ( loca l i zed PC n  =  3  and CSPC-ADT n  =  4) .  We inc luded those  

pat ien ts  in  the  AR-amp ana lys is  bu t  exc luded the  t o ta l  c fDNA ana lys is .  F ina l l y,  the  

number  o f  pa t ien t s  in  the  t o ta l  c fDNA ana lys is  was 54 in  the  loca l i zed PC,  93  in  

the  CSPC-ADT,  and  97 in  the  CRPC g roups.  Tota l  c fDNA ( A )  and AR -amp (B )  l eve ls  

were  compared among  the  hea l t hy ind iv idua ls ,  and pa t ien ts  w i t h  loca l i zed  PC,  

CSPC-ADT,  and CRPC.  A l i near  re la t ionsh ip  between the  AR -amp and to ta l  c fDNA 

leve ls ,  and between the  AR - amp and to ta l  t es tos te rone leve ls  was eva luated by  

scat t e rp lo t  and cor re la t ion  coef f ic ien t  (C ) .  A  l inear  re la t ionsh ip  between the  PSA 

and to ta l  c fDNA leve ls ,  and be tween the  PSA leve ls  and AR -amp was eva luated  

by scat t e rp lo t  and  cor re la t ion  coef f i c ien t  (D ) .  To ta l  c fDNA and AR - amp were  

compared between the  M0CRPC and M1CRPC g roups (E ) .  To ta l  c fDNA leve l  and 

AR -amp were  compared between the  pat ien ts  w i th  f i r s t - l i ne  t rea tment  and second  

or  more  l i ne  t rea tments  a f te r  CRPC (F ) .  Overa l l  surv i va l  was  compared between 

the  to ta l  c fDNA-h igh (>600 pg /µL)  and to ta l  c fDNA- low (≤600 pg /µL)  pa t ien ts  (G ) .  

Overa l l  surv i va l  was compared between the  AR - amp-h igh (>1.26 cop ies)  and AR -

amp- low (≤1.26 cop ies)  pa t ien ts  (H ) .   
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Figure 2  Development  of  the tota l  c fDNA and AR -amp r isk  model  in  pa t ients  

w i th  CRPC  

Mu l t i var ia te  Cox reg ress ion  ana lys is  f o r  overa l l  su rv i va l  inc lud ing  age,  

CHAARTED cr i te r ia  (h igh  or  low) ,  t o ta l  c fDNA leve l  ( h igh  or  l ow)  and  AR - amp (h ig h  

or  l ow)  ( A) .  The r isk  mode l  i nc lud ing  t o ta l  c fDNA-h igh (score  1  po in t ) ,  AR - amp-

h ig h  (sco re  1  po in t )  is  shown on the  2-d imens iona l  sca t te rp lo t  (B ) .  Overa l l  surv i va l  

was s t ra t i f ied  among  pat ien ts  w i th  c fDNA r i sk  sco res  o f  0 ,  1 ,  and 2  (C ) .   

Figure S1 Supplementary f igures  

The to ta l  c fDNA and AR - amp were  compared be tween the  pre-docetaxe l  and pos t  

docetaxe l  s ta tus  ( A ) .  The med ian t ime f rom CRPC d iagnos is  t o  c fDNA eva luat ion  

was 12 months .  The  re la t ionsh ip  between the  t ime f rom CRPC d iagnos is  and c fDNA 

parameters  was eva luated (B ) .  There  were  no s ign i f icant  d i f f e rences  in  the  to ta l  

c fDNA leve l  and AR -amp between <12 and ≥12 months .  The opt ima l  cu to f f  va lue  

o f  to ta l  c fDNA (C )  and AR - amp (D )  f o r  any cause o f  dea th  were  def ined us ing  a  

ROC curve and the  AUC.  
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Table 1 Background of patients 
 

  
Healthy 

individuals 

Localized PC 

without ADT 
CSPC-ADT CRPC 

Number of patients, n 42 57 97 97 

Median Age, years (IQR) 
51 

(39-51) 

76 

(70-80) 

74 

(69-80) 

74 

(60-80) 

Median initial PSA, ng/mL (IQR)  8.2 (5.4-12) 21 (11-259) 97 (17-826) 

Gleason score at diagnosis (IQR)  7 (7-9) 9 (8-9) 9 (9-10) 

Median PSA at cfDNA, ng/mL 

(IQR) 
 

0.02 

(0.02-0.15) 

0.21 

(0.02-1.21) 

5.37 

(0.47-48.3) 

Metastatic disease, n  0 (0%) 41 (42%) 78 (80%) 

CHAARTED high-volume, n  0 (0%) 30 (31%) 46 (47%) 

Post docetaxel, n  0 (0%) 11 (11%) 43 (44%) 

Therapy line after CRPC (IQR)    1 (1-2) 

Months from CRPC diagnosis to 

cfDNA evaluation (IQR) 
   12 (4-12) 

Deceased, n  0 (0%) 1 (1%) 33 (34%) 

PC: prostate cancer, ADT: androgen deprivation therapy, PSA: prostate-specific antigen, CSPC: 

castration-sensitive prostate cancer, CRPC: castration-resistant prostate cancer, CHAARTED high-

volume criteria: the presence of visceral metastases, or ≥4 bone lesions with ≥1 beyond the vertebral 

body and pelvis. 
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